













Rehabilitation of the Hand and Upper Extremity

SIXTH EDITION

Terri M. Skirven, OTR/L, CHT

Director, Hand Therapy, The Philadelphia and
South Jersey Hand Centers, P.C.

Director, Hand Rehabilitation Foundation
Philadelphia, PA

A. Lee Osterman, MD

Professor, Orthopaedic and Hand Surgery
Chairman, Division of Hand Surgery
Department of Orthopaedic Surgery
Jefferson Medical College
Thomas Jefferson University;

President, The Philadelphia and South Jersey Hand Centers, P.C.
and Hand Surgery Fellowship Program
Philadelphia, PA

Jane M. Fedorczyk, PT, PhD, CHT, ATC

Associate Clinical Professor
Director, Post-Professional Clinical Programs
Department of Physical Therapy and Rehabilitation Sciences
College of Nursing and Health Professions
Drexel University
Philadelphia, PA

Peter C. Amadio, MD

Lloyd A. and Barbara A. Amundson
Professor of Orthopedic Surgery
Mayo Clinic
Rochester, MN

[image: images]


[image: images]

1600 John F. Kennedy Blvd.

Ste. 1800

Philadelphia, PA 19103-2899

REHABILITATION OF THE HAND AND UPPER EXTREMITY, SIXTH EDITION

ISBN: 978-0-323-05602-1

© 2011 by Mosby, Inc., an affiliate of Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies, and our arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be noted herein).


Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the most current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be administered, to verify the recommended dose or formula, the method and duration of administration, and contraindications. It is the responsibility of practitioners, relying on their own experience and knowledge of their patients, to make diagnoses, to determine dosages and the best treatment for each individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the material herein.

 



Previous editions copyrighted 1978, 1984, 1990, 1995, 2002

Library of Congress Cataloging-in-Publication Data

Rehabilitation of the hand and upper extremity.—6th ed. / [edited by]

Terri M. Skirven … [et al.].

     p. ; cm.

    Includes bibliographical references and index.

    ISBN 978-0-323-05602-1

 1. Hand–Wounds and injuries.  2. Hand–Surgery.  3. Hand–Surgery–Patients–

Rehabilitation.  I. Skirven, Terri M.

  [DNLM:  1. Hand–Surgery.  2. Arm Injures–rehabilitation.  3. Hand Injuries–

rehabilitation.  4. Shoulder Joint–injuries.  WE 830 R345 2010]

  RD559.R43 2010

  617.5’75059—dc22

2009044037

Acquisitions Editor: Dan Pepper

Developmental Editor: Lucia Gunzel

Publishing Services Manager: Pat Joiner-Myers

Design Direction: Steven Stave

[image: images]



[image: images]

Evelyn J. Mackin, PT



LEADER EDUCATOR MENTOR FRIEND

It is with great pride and gratitude that we dedicate this sixth edition of Rehabilitation of the Hand and Upper Extremity to Evelyn J. Mackin, PT. Evelyn’s vision, commitment, and determination elevated Hand Rehabilitation to a specialty practice recognized for excellence. Countless therapists and surgeons have been inspired to emulate the team approach to the care of the hand-injured patient modeled by Evelyn and her Hand Surgery colleagues James Hunter, MD, and Lawrence Schneider, MD. This partnership gave rise to groundbreaking contributions, including the world-renown annual Philadelphia symposium Surgery and Rehabilitation of the Hand, which has been held annually for over 35 years. Evelyn was one of the founders and past presidents of the American Society of Hand Therapists; the first president of the International Federation of Societies for Hand Therapy; and founding editor of the Journal of Hand Therapy, a peer-reviewed scientific journal. With the first edition of this text in 1976, Evelyn, along with her co-editors, lit a flame that has burned brightly and steadily ever since. It is our intention with this sixth edition to honor Evelyn and to keep the flame burning.
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As was true in previous editions of Rehabilitation of the Hand and Upper Extremity, the editors’ purpose in this sixth edition is to bring updated contributions from recognized experts in the field.

When I think of the sixth edition, for me it’s not just a new volume with new authors and new information. I recognize in each chapter a fulfillment and tribute to what came before. The depth and quality of experience lived by pioneering hand surgeons and therapists, readily available to us in the literature, influences every facet of hand rehabilitation as we know it today. Those who had the vision to create our unique medical specialty put us in a position to see old problems with fresh eyes and invite us to use our creativity to find new ways to help our patients. We honor our predecessors through our passion for continuous improvement. We stand, truly, on the shoulders of giants. They would be proud, as am I, of this new edition.

It was not always so. In the War between the States (1861–1865), no special consideration was given to treatment of the injured hand and little was recorded. Despite the number of wrist and hand fractures due to gunshot and other injuries, only a few pages of the Medical and Surgical History of the War of the Rebellion dealt with hand wounds and surgery.

In World War I, somewhat less than three hundred lines covered hand injuries in the Medical Department of the United States Army’s World War, Volume XI, Surgery, Part I.

Prior to World War II, surgery for hand injuries sustained by military personnel consisted essentially of drainage of infections, amputations, and wound closure, with only isolated efforts at repair. Physical and occupational therapy were used inadequately or ignored.

World War II stimulated significant interest in reparative hand surgery. Much of the early success in managing severe hand injuries was due to the wise leadership of the Surgeon General, Major General Norman T. Kirk. Rather than giving hand wounds routine treatment, he considered them a separate category worthy of specialized treatment. Nine “hand centers” in selected military hospitals were established across the country where officers trained in plastic, orthopedic, and neurological surgery were entrusted with the repair of wounded hands.

Under the guidance of Sterling Bunnell, MD, civilian consultant to the Surgeon General, a two-phase plan for managing hand injuries was implemented. Instructional courses and technical manuals outlined primary care for field surgeons. Soldiers receiving emergency wound closure in the Mediterranean and European Theaters of Operations were returned to the United States via advanced transport for definitive repair of tendons, nerves, and fractures.

Dr. Bunnell realized that postoperative therapy was as critical to recovery and socioeconomic well-being as the surgery itself. Patients with hand injuries who reached the desired stage of healing were placed in a single ward close to physical and occupational therapy departments. His seminal idea of therapists participating as part of a fully coordinated team to deliver optimal care gained momentum with hand injuries that occurred during the Vietnam War.

Dr. Bunnell’s pioneering efforts attracted the interest of younger hand surgeons who recognized the advantages of a total care approach in civilian practice. One of these surgeons, James M. Hunter, MD, as civilian consultant in orthopedic surgery to the department of the Army at Valley Forge General Hospital (1964–1973), envisioned the team approach in his private hand practice. Along with his partner, Lawrence H. Schneider, MD, the Philadelphia Hand Center was founded in 1972 in a former Horn and Hardart bakery.

The remarkable progress in total care of the injured hand and upper extremity over the past half century is reflected in the founding of the American Society for Surgery of the Hand (ASSH) in 1946, the International Federation of Societies for Surgery of the Hand (IFSSH) in 1968, the American Society of Hand Therapists (ASHT) in 1978, and the International Federation of Societies of Hand Therapy (IFSHT) in 1986. Just as important, however, it is reflected in the rapid growth and high quality of peer-reviewed scientific literature on hand rehabilitation, most notably in the Journal of Hand Surgery and the Journal of Hand Therapy.

Although there were textbooks on the surgical management of hand injuries, in the 1960s there were few references for therapists who were eager to learn more about postoperative management. When I began working with Dr. Hunter in the 1960s, the only reference available was a text on hand rehabilitation by Wing Commander Wynn Parry, MD, who was Consultant in Physical Medicine to the Royal Air Force of England.

Six soft-covered manuals by Maude Malick, OTR (1967–1972) describing hand splinting, management of the quadriplegic upper extremity, and management of the burn patient took their place beside Wynn Parry’s text in the early literature on postoperative management.

During this time, another book was published abroad—The Hand: Principles and Techniques of Simple Splintmaking in Rehabilitation by Nathalic Barr, MBE, FBAOT of Great Britain. It was intended to serve as a splinting guide in the management of hand conditions. Nathalie was a major contributor to hand rehabilitation in Europe, especially in the early years after World War II.

Four years after the founding of the Philadelphia Hand Center, an educational symposium was launched, chaired by Drs. Hunter and Schneider and Evelyn Mackin, PT. The meeting, “Rehabilitation of the Hand,” set a pattern and high standard for future meetings. Together at the podium, surgeons and therapists discussed mutual problems before a rapt audience of 450 of their peers. The success of the 1976 meeting set the stage for increasingly sophisticated “Philadelphia Meetings” sponsored by the Philadelphia Hand Rehabilitation Foundation and held every year since the original meeting. Under the leadership of Terri Skirven, OTR/L, CHT, and Lee Osterman, MD, the symposium has continued to evolve, with a concurrent symposium directed to surgeons introduced in 1999. Both meetings are considered must-attend events by new and returning participants alike.

The papers presented at the first Philadelphia meeting were incorporated into the first edition of Rehabilitation of the Hand, edited by James Hunter, Lawrence Schneider, Evelyn Mackin, and Judith Bell, OTR, FAOTA, CHT, which brought surgeons and therapists together again as authors. Chapters addressed functional anatomy, processes of wound healing, surgical and postoperative care of hand injuries, and the development of hand centers, among other topics.

With each succeeding edition (1984, 1990, 1995) edited by James Hunter, Lawrence Schneider, Evelyn Mackin, and Anne Callahan, MS, OTR/L, CHT, the text has been recognized as the “bible” of an eager band of dedicated and enthusiastic therapists (JBJS) and as a “living classic” (JAMA).

It is impossible to reminisce without remembering the hundreds of surgeons and therapists, leaders in their respective fields, who have made the editions and the meetings possible, and to have known personally some of the giants of in our field: Dr. William Littler, who in 1945 as Maj. J. William Littler, MC, established a ward at the Cushing General Hospital designated specifically for the care of hand injuries, in accordance with Dr. Bunnell’s plan. Dr. Paul Brand pioneered the surgical treatment of the hands of leprosy patients in India, and established centers where patients with reconstructed hands, under the care of physical and occupational therapists, could learn a trade that would make them self-reliant. Dr. Earl Peacock, having visited Dr. Brand in India, was influenced by Dr. Brand’s advocating the team approach in the care of the hand patient. He brought this model of practice back to Chapel Hill, North Carolina, and formed the “Hand House,” which was the first civilian hand center in the United States. Joining him in the effort were Irene Hollis, OTR; John Madden, MD; and Gloria DeVore, OTR. I was inspired by these people. I still am.

If anyone should be mentioned especially as having influenced my career, it is Dr. Hunter, my mentor and friend. His forward vision, enthusiasm, and unwavering support of the hand therapist in the early years was so important to the development of hand therapy and the recognition it now enjoys. He had the rare ability to lift those around him, hand surgery fellows and hand therapists alike, to the level of excellence that he always expected of them.

Almost a decade has passed since publication of the fifth edition of Rehabilitation of the Hand and Upper Extremity edited by Evelyn Mackin, Anne Callahan, Terri Skirven, Lawrence Schneider, and Lee Osterman. It remains an indispensible reference. However, with the continuing advances in hand surgery and hand therapy, it becomes more important than ever that new editions deliver the latest information to our growing professional community worldwide.

It is an honor and a very much appreciated privilege, for several reasons, to have been invited to write the foreword to the sixth edition edited by Terri Skirven, Lee Osterman, Jane Fedorczyk, PT, PhD, CHT, ATC, and Peter Amadio, MD. Foremost is the respect I have for the editors. Then there is the list of participating authors, who are recognized experts on their subjects. Perhaps most of all, I have no doubt that the hard work and dedicated efforts of the editors will ensure that this groundbreaking and ever-evolving book will remain for many years the most authoritative work on rehabilitation of the hand and the upper extremity.

The Chinese say, “May you live in interesting times.”

I have.

Evelyn J. Mackin
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Synergy, in general, may be defined as two or more agents working together to produce a result not obtainable by any of the agents independently. Synergy is the ability of a group to outperform even its best individual member. The sixth edition of Rehabilitation of the Hand and Upper Extremity is the product of the synergy of editors, authors, publishers and many others involved in its publication.

The impetus for the first edition of Rehabilitation of the Hand grew out of a unique symposium that featured hand surgery correlated with hand therapy, sponsored by the Hand Rehabilitation Foundation in Philadelphia in 1976. The original editors of the book were also the chairpersons and faculty for the symposium: James M. Hunter, MD; Lawrence Schneider; Evelyn Mackin, PT; and Judith A. Bell Krotoski, OTR, FAOTA, CHT. Joining the effort with the second through fifth editions was Anne D. Callahan, MS, OTR/L, CHT. These extraordinary individuals introduced a working partnership of hand surgeons and hand therapists for the care of the hand patient that has endured and flourished over the years and is evidenced by the publication of the sixth edition of this book.

The expansion of this text and its readership is in keeping with the growth of the specialty of hand rehabilitation. This current two-volume edition features a total of 143 chapters, 37 of which are new, and more than 75 new authors. The authors of the text include physical and occupational therapists, certified hand therapists, orthopedic and plastic surgeons, physiatrists, neurologists, psychologists, psychiatrists, clinicians, researchers, and educators—all having expertise in the care of the hand and upper extremity patient.

Since the first edition, the table of contents has expanded with each edition to include separate sections on the shoulder, elbow, and wrist, as well as the hand. Many returning sections have been modified and expanded to reflect current practice. For example, the term orthosis is used to refer to the custom fabricated devices typically referred to as splints. Far from just a technical skill, the design and fabrication of hand and upper extremity orthoses require an in-depth knowledge of anatomy and pathology, as well as the healing and positioning requirements for the range of conditions and surgeries encountered. Hand, occupational, and physical therapists are uniquely qualified to design, apply, monitor, and modify orthotic devices as part of the rehabilitation treatment plan.

Taking advantage of the advances in information technology, this edition is complemented by a companion web site allowing supplemental information and video clips of therapy and surgery procedures to be included.

Given the emphasis on evidence-based practice in the current healthcare environment, special focus has been placed on providing peer-reviewed literature support for the information given in this text. However, published research in hand and upper extremity rehabilitation is limited in many areas. In some cases the best evidence is the clinical experience of the individual authors. Where it is stated that no evidence exists to support a particular approach or technique, the intention is not to suggest that it be abandoned; rather the goal is to stimulate the reader to adopt a critical attitude and to pursue clinical research, whether as a single case study or a multicenter randomized controlled trial.

We have dedicated this edition to Evelyn Mackin, who has been the driving force behind the book, as well as so many other groundbreaking achievements. Her leadership, dedication, determination, and inspiration have been instrumental in advancing the specialty of hand rehabilitation, as well as inspiring countless others (including the current editors) to follow her lead and further her initiatives. Available on the book’s web site is a fascinating interview with Evelyn, recounting the early days of hand therapy, the formation of the American Society of Hand Therapists, the development of the Journal of Hand Therapy, and many other aspects of her extraordinary career.

The publication of the sixth edition of Rehabilitation of the Hand and Upper Extremity is the result of the efforts of many people over more than 3 years and acknowledgments are due. First and foremost, we would like to thank all of the authors who have contributed their clinical expertise and insights to this text.

Our special thanks is extended to Evelyn Mackin, who has written the foreword for this edition and who has provided guidance, support, and encouragement to the current editors.

We would like to acknowledge our editors at Elsevier for their ongoing support and persistence to see the text through to publication. In particular, Lucia Gunzel has been the perfect combination of coach, cheerleader, and disciplinarian. With Dan Pepper’s diplomacy and wise counsel, rough patches were navigated and resolved. Ellen Sklar deserves recognition for her professional management of the final stages of the editing process, a daunting task.

Thanks to Leslie Ristine, Administrator of the Philadelphia Hand Rehabilitation Foundation, for providing administrative support, and to Andrew Cooney, Executive Director of the Philadelphia and South Jersey Hand Centers, who has provided encouragement and support during the work on the sixth edition, as well as for prior editions.

Finally, we thank our families, friends, and colleagues who have provided encouragement and patience during the 3 years that it has taken to complete the book.

We are proud to present this sixth edition of Rehabilitation of the Hand and Upper Extremity.

Terri M. Skirven

A. Lee Osterman

Jane M. Fedorczyk

Peter C. Amadio
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Video 73-2: Surgical exposure and reconstruction for scaphoid nonunion (Garcia-Elias 2009)

Video 73-3: Vascularized bone grafting (Bishop 2006)

Video 73-4: Radial shortening wedge osteotomy (Glickel 2006)

Video 74-1: Scaphoid shift test (Garcias-Elias 2010)

Video 74-2: Increased laxity of palmar midcarpal ligaments (Garcias-Elias 2010)

Video 74-3: Spiral tenodesis (Garcia-Elias 2009)

Video 74-4: Acute SL injury: mitek? augment? (Cohen 2006)

Video 74-5: Lunatotriquetral repair AO capsulodesis (A. Shin 2006)

Video 74-6: Scapholunate dissociation: clinical forms and treatment (Garcia-Elias 2009)

Video 74-7: Pathomechanics and treatment of the nondissociative clunking wrist (Garcia-Elias 2009)

Video 76-1: Wrist fusion (Bednar 2009)

Video 76-2: Proximal row carpectomy (Lubahn 2006)

Video 76-3: Four-quadrant fusion techniques—memodyne staple (Osterman 2006)

Video 78-1: ORIF radial head fractures (Geissler 2008)

Video 78-2: Monteggia fracture dislocation (Hanel 2008)

Video 78-3: Radial head replacement (Baratz 2008)

Video 78-4: ORIF intracondylar distal humerus (Geissler 2008)

Video 81-1: Elbow arthroscopy (Savoie 2008)

Video 81-2: Open contracture release (Hausman 2008)

Video 83-1: Open lateral release (Hastings 2008)

Video 83-2: Arthroscopic release (Savoie 2008)

Video 83-3: Anconeus flap for failed lateral release (Culp 2008)

Video 84-1: Dual incision (Steinmann 2008)

Video 84-2: Endobutton repair (Wolf 2008)

Video 103-1: CMC splint (Biese 2010)

Video 103-2: Resting pan (Biese 2010)

Video 105-1: Eaton procedure (Belsky 2007)

Video 105-2: Wilson osteotomy (Tomaino 2007)

Video 105-3: CMC arthroplasty (Badia 2007)

Video 105-4: Artelon interposition (Osterman 2007)

Video 107-1: Total wrist replacement (Adams 2009)

Video 107-2: PIP joint implant: volar silastic (Greenberg 2007)

Video 110-1: Convertible total elbow prosthesis (King 2008)

Video 116-1: Movement dystonia associated with CRPS (Walsh 2010)

Video 116-2: Mirror visual feedback (Walsh 2010)

Video 118-1: Base component motions of the ULNTT for the three major nerves in the upper extremity—median nerve (Walsh 2010)

Video 118-2: Base component motions of the ULNTT for the three major nerves in the upper extremity—ulnar nerve (Walsh 2010)

Video 118-3: Base component motions of the ULNTT for the three major nerves in the upper extremity—radial nerve (Walsh 2010)

Video 118-4 Courses of the nerve in the upper limb (Pratt 2010)

Video 120-1A: Midrange mobilization (MRM) technique of the glenohumeral joint described in Yang et al. (Fedorczyk 2010)

Video 120-1B: End-range mobilization technique (ERM) of the glenohumeral joint described in Yang et al.20 (Fedorczyk 2010)

Video 120-2A: Anterior glide of the glenohumeral as described in Johnson et al.21 (Fedorczyk 2010)

Video 120-2B: Posterior glide of the glenohumeral as described in Johnson et al.21 (Fedorczyk 2010)

Video 120-3A: Glenohumeral joint flexion as a high-grade (IV) technique as described in Vermeulen et al.22 (Fedorczyk 2010)

Video 120-3B: Glenohumeral joint flexion as a low-grade (II) technique as described in Vermeulen et al.22 (Fedorczyk 2010)

Video 120-4: Application of a posterolateral glide MWM technique for pain limiting shoulder motion as described by Teys et al.23 (Fedorczyk 2010)

Video 120-5A: MWM technique for tennis elbow: sustained lateral glide with pain free grip as described by Bisset et al.24 (Fedorczyk 2010)

Video 120-5B: MWM technique for tennis elbow: sustained lateral glide with movements of the elbow as described by Bisset et al.24 (Fedorczyk 2010)

Video 121-1: 3 Part breath (Taylor 2010)

Video 121-2: Assisted breathing (Taylor 2010)

Video 121-3: Breath awareness (Taylor 2010)

Video 121-4: Corpse (Taylor 2010)

Video 121-5: Dandasana (Taylor 2010)

Video 121-6: Directed breathing (Taylor 2010)

Video 121-7: Fish (Taylor 2010)

Video 121-8: Half forward bend (Taylor 2010)

Video 121-9: Mountain (Taylor 2010)

Video 121-10: Sitting awareness (Taylor 2010)

Video 121-11: Standing awareness (Taylor 2010)

Video 121-12: Treatment cycle (Taylor 2010)

Video 122-1: Rashid’s hand motion at 3 months post injury (McKee 2010)

Video 122-2: Rashid’s hand motion with wrist orthosis (McKee 2010)

Video 122-3: Rashid using walker with wrist orthosis (McKee 2010)

Video 122-4: Rashid propelling wheelchair with wrist orthosis (McKee 2010)

Video 122-5: Rashid writing with pen with wrist orthosis (McKee 2010)

Video 122-6: Peggy’s hand motion with orthosis, ulnar view (McKee 2010)

Video 122-7: Peggy’s hand motion without orthoses, radial view showing limited active (McKee 2010)

Video 122-8: Peggy tying shoes with orthosis (McKee 2010)

Video 126-1: CMC strap (Biese 2010)

Video 126-2: Soft CMC splint (Biese 2010)

Video 126-3: Distal ulna support (Biese 2010)

Video 140-1: Bennett hand tool dexterity test (Schultz-Johnson 2010)

Video 140-2: Crawford small parts dexterity test—screws (Schultz-Johnson 2010)

Video 140-3: Crawford small parts dexterity test—pins and collars (Schultz-Johnson 2010)

Video 140-4: Minnesota rate of manipulation test (Schultz-Johnson 2010)

Video 140-5: Purdue pegboard–assembly test (Schultz-Johnson 2010)

Video 140-6: Lifting evaluation (Schultz-Johnson 2010)

Video 140-7: Minnesota rate of manipulation test (Schultz-Johnson 2010)

Video 140-8: Rosenbusch test of finger dexterity (Schultz-Johnson 2010)
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CRITICAL POINTS

▪ The hand can assume almost countless positions and postures that allow it to perform numerous functions and manipulations.

▪ The muscles of the hand permit it to perform tasks that require both great strength and delicate precision.

▪ The skin of the hand, particularly that of the palm, is richly supplied with a large variety of sensory receptors that allow it to detect minute differences in texture and shape.

▪ The joints and muscles of the hand contain large numbers of proprioceptive receptors that enable it to detect miniscule differences in position and thus perform precise manipulations extremely smoothly.




Osteology of the Hand

The bones of the hand form its framework and are important in maintaining its shape and providing a stable base on which to anchor its various soft tissue structures. The bones are arranged to maximize the functional efficiency of the intrinsic muscles and the tendons of the extrinsic muscles of the hand. The 19 major bones are of only two types: the metacarpals and the phalanges (Fig. 1-1). All of these bones are classified as long bones and have central shafts and expanded proximal and distal ends (epiphyses). Additional small bones, sesamoids, are usually found in the tendons of certain intrinsic thumb muscles.
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Figure 1-1 Volar view of the bones of the hand and wrist. Note that the thumb is rotated approximately 90 degrees relative to the rest of the digits.



One metacarpal is associated with each digit, that of the thumb being considerably shorter than the others. These bones form the bony base of the hand, and their integrity is essential for both its natural form and function. Each bone has a dorsally bowed shaft with an expanded base (proximally) and head (distally) (Fig. 1-2). From closely positioned bases, the bones diverge distally to their heads. This arrangement determines the shape of the hand and separates the digits so they can function independently as well as manipulate large objects. The metacarpal of the thumb is anterior to the others and rotated approximately 90 degrees so it is ideally positioned to oppose (see Fig. 1-1).
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Figure 1-2 Lateral view of the middle finger and the capitate. Note the dorsal convexities of the metacarpal and proximal and middle phalanges.



The shaft of each metacarpal is triangular in cross section, with the apex of this triangle directed volarly and composed of more dense bone than the dorsal aspect of the shaft.1 This concentration of dense bone reflects the significant compressile force on the flexor side of the bone. The overall shape of each metacarpal (along with that of the phalanges) contributes to the longitudinal arch of the hand. The dorsal convexities of the metacarpals along with their triangular cross sections provide significant room for the soft tissue of the palm, the bulk of which consists of the intrinsic interossei muscles and the more volarly positioned long digital flexor tendons and accompanying intrinsic lumbrical muscles. The mechanical advantage of these muscles is also enhanced by the metacarpal shape; their lines of pull are located volar to the flexion–extension axes of the metacarpophalangeal (MCP) joints.

The bases of the four medial metacarpals are irregular in shape and less wide volarly than dorsally, thus contributing to the proximal transverse arch (Fig. 1-3). Articular surface is found on the sides as well as the proximal aspect of the base. The base of the thumb metacarpal is significantly different. The somewhat flattened proximal surface is in the shape of a shallow saddle, all of which is articular surface. The concave surface is oriented from medial to lateral; the convex from anterior to posterior. (Keep in mind that this bone is rotated about 90 degrees relative to the other metacarpals and this description is based on the anatomic position.) The most medial aspect of the base protrudes more proximally than the rest of the base and thus presents a triangular beak.
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Figure 1-3 The transverse and longitudinal arches of the hand.



The heads of all the metacarpals are similar. The articular surface is rounded, both from side to side as well as dorsal to palmar. The side-to-side dimension is considerably shorter than the length from dorsal to palmar, but it is wider on the palmar aspect than it is dorsally. And importantly, the surface extends farther onto the volar aspect of the bone than dorsally. Prominent dorsal tubercles are found dorsally on each side of the head, just proximal to the articular surface.

The shapes of the metacarpals also contribute to the proximal and distal transverse arches of the hand (see Fig. 1-3). The proximal arch is at the level of the distal row of carpal bones and the bases of the metacarpals. The bases of the metacarpals as well as the distal row of carpals are wedge-shaped in cross section, and the apex of each wedge is directed volarly. Since the metacarpal bases and distal carpals are positioned very close to one another and are held tightly together, they collectively form a dorsal convexity and thus a side-to-side arch. The distal transverse arch is at the level of the metacarpal heads and is also a dorsal convexity. This arch is larger than the proximal arch and merely reflects the orientation of the metacarpals and the fact that the metacarpal heads are farther apart than their bases.

The hand contains 14 phalanges; the thumb has only 2, whereas each of the other digits has 3. The proximal and middle phalanges, like the metacarpals, are bowed dorsally along their long axis and thus contribute to the longitudinal arch of the hand. The shafts of the phalanges serve as anchors for the long digital flexor tendons. The volar aspect of the shaft is flat from side to side and rounded dorsally. The junctions of the rounded and flat surfaces are marked by longitudinal ridges that serve as the attachments for the fibrous part of the digital tendon sheath (see Fig. 1-1). Each bone has an expanded epiphysis on each end, with the base (proximally) being larger than the head (distally).

The surface of the base of the proximal phalanx is biconcave and consists entirely of articular surface. The bases of both the middle and distal phalanges are concave from dorsal to ventral, with a central ridge oriented in the same direction. This surface is entirely articular surface. The heads of the proximal and middle phalanges are cylindrical from side to side with a central groove oriented perpendicular to the cylinder. This surface is also articular surface. The distal phalanx is shorter than the others. It has no head but rather ends in an expanded and roughened palmar elevation, which supports the pulp of the fingertip as well as the fingernail.


Articulations of the Hand

The carpometacarpal (CMC) joints are the most proximal joints in the hand and connect it to the wrist. Even though they are all synovial joints, the thumb CMC joint is significantly different from those of the four medial digits. The CMC joint of the thumb allows significant and complex motion; those of the other digits allow a small amount to virtually none.

The four medial joints are between the bases of the four medial metacarpals and the distal row of carpal bones: the trapezium, trapezoid, capitate, and hamate. The articular surfaces of both sets of bones are irregular, continue on the medial and lateral aspects of the metacarpal bases and the carpals, but are quite congruent so the bones fit closely together. Each metacarpal base articulates with one, two, or even three carpal bones. Strong ligaments hold all of the bones tightly together, both side to side and across the CMC joint space. A single joint capsule encloses all of these joints so there is a single synovial cavity. This cavity extends not only across the span of the collective joints but also somewhat distally between the metacarpal bases and proximally between the distal carpal bones.

The motion available at these joints is variable and minimal. There is essentially no motion permitted at the CMC joints of the index and middle fingers. These two metacarpals along with the distal carpal row form the rigid and stable central base of the hand. A small amount of motion is permitted at the CMC joints of the ring and small fingers. This motion, primarily a bit of flexion, permits slight cupping of the medial side of the hand and is important in both manipulation and grip (Fig. 1-4).
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Figure 1-4 Volar view of the metacarpal and carpal bones of the right hand, showing the relative motion of the five carpometacarpal joints. Note that there is more motion at the thumb, ring, and little finger joints than at the index and middle fingers.



The first CMC (trapeziometacarpal) joint is between the base of the first metacarpal and the trapezium. Since the thumb articulates with only the trapezium, its location and orientation is the basis for the position of the thumb. The trapezium is obliquely oriented, almost in the sagittal plane, and projects more volarly than the trapezoid or scaphoid with which it articulates.

The articular surfaces (Fig. 1-5) of both the base of the first metacarpal and the distal aspect of the trapezium are shaped like shallow saddles. As a result, each surface has a convex and a concave component, and these elements are perpendicular to one another. The shapes dictate that the major amount of motion occurs in two planes, which also are perpendicular to one another. Motion in the coronal plane, where the thumb moves across the palm, is flexion and extension. These motions occur as the concave surface of the metacarpal base moves on the convex surface of the trapezium. Motion in the sagittal plane, where the thumb moves toward and away from the index finger, is adduction (toward) and abduction (away). This occurs as the convex surface of the metacarpal base moves on the concave surface of the trapezium. Since both saddles are shallow and the soft tissue restraints are somewhat lax, axial rotation is also permitted. This rotation, opposition (pronation), occurs primarily at this first CMC joint and represents an essential ingredient for the usefulness of the thumb. Retroposition (supination) is the opposite of opposition. In reality, certain motions are coupled. Abduction is accompanied by a bit of medial rotation (opposition). This is due to the slightly curved concave surface of the trapezium. Retroposition, then, is a combination of lateral rotation and adduction. Flexion and extension also involve some rotation, albeit less. Flexion is accompanied by a bit of opposition and extension by a bit of retroposition.2 This is caused by the slightly curved convex surface of the trapezium. Hanes3 suggested the coupling was due to the tautness of certain of the ligaments of the joint; Zancolli and colleagues4 considered the coupling was due both to the articular surfaces and the ligaments.
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Figure 1-5 Palmar view of the carpometacarpal joint of the right thumb. The joint is open and the metacarpal reflected radially. Note the saddle-shaped articular surfaces of both bones and the concave and convex aspects of each.



The ligaments (Figs. 1-6 and 1-7) of this joint are found on all sides of the joint. Their nomenclature can be confusing because several systems are used to name them and there are differences of opinion relative to how many ligaments there are. The anterior oblique, or beak, ligament is a strong ligament that interconnects the palmar tubercle (beak) of the metacarpal base and the distal part of a ridge on the tubercle of the trapezium. This ligament is generally considered a major stabilizing ligament of the joint and is taut in abduction, extension, and opposition.5 Bettinger and coworkers6 described a superficial anterior oblique ligament and a deep anterior oblique ligament, which they considered the beak ligament. The ulnar collateral ligament is on the volar and medial aspects of the joint and extends from the transverse carpal ligament to the palmar-medial aspect of the first metacarpal base. The posterior oblique ligament is on the dorsal aspect of the joint and interconnects the dorsal aspect of the trapezium and the ulnar (medial) base of the metacarpal. An intermetacarpal ligament (or pair of intermetacarpal [anterior and posterior] ligaments) interconnects the bases of the first and second metacarpals. The dorsoradial ligament extends from the dorsolateral aspect of the trapezium to the dorsal base of the first metacarpal. The joint capsule is complete and somewhat loose, which is necessary for axial rotation.
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Figure 1-6 Palmar view of the ligaments of the carpometacarpal joint of the left thumb.
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Figure 1-7 Dorsal view of the ligaments of the carpometacarpal joint of the left thumb.



The metacarpophalangeal (MCP) joints (Fig. 1-8) of the four medial digits are formed by the bases of the proximal phalanges and the heads of the metacarpals. The articular surface of the metacarpal head is biconvex, cam-shaped so it extends farther volarly than dorsally, and it is wider volarly than dorsally. The articular surface of the phalangeal base is biconcave, shallow and smaller in area than the articular surface of the metacarpal head. These shapes would appear to permit the phalanx to move in virtually any plane on the metacarpal head. However, due to soft tissue restraints, active motion is limited to flexion and extension and adduction and abduction. Adduction is movement of the digits toward the middle finger; abduction is movement away from the middle finger. The middle finger can be deviated either radially (laterally) or ulnarly (medially). Axial rotation is available only passively.
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Figure 1-8 Dorsal view of the metacarpophalangeal joint that is opened dorsally to show the articular surfaces. Note the biconvex metacarpal head and the biconcave proximal phalangeal base.



The joint capsule of the MCP (Fig. 1-9) joint is highly specialized. Like any capsule it encloses the joint space and attaches to the edges of both articular surfaces. It is different in that its volar aspect is formed by a strong plate of fibrocartilage—palmar ligament, or volar plate. The medial and lateral edges of the plate serve as attachments for the fibrous part of the digital tendon sheath, specifically the first annular ligament (A1 pulley). Thus, the plate is important in the stability and positioning of the long digital flexor tendons. The plate is thick and rigid distally and its volar aspect has a thin side-to-side attachment to the volar base of the proximal phalanx. This hingelike attachment allows the plate to move as a unit relative to the proximal phalanx. Proximally the plate thins, is a bit loose and flexible, and attaches to volar base of the metacarpal head. With flexion the volar plate slides proximally (Fig. 1-10); this is possible because the proximal part of the plate can fold.
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Figure 1-9 Lateral view of the joint capsules of the metacarpophalangeal and interphalangeal joints of a finger.
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Figure 1-10 Lateral view of the metacarpophalangeal joint of a finger. The band part of the collateral ligament and the volar plate are depicted in full extension, partial flexion, and flexion. Note how the tension of the band part of the ligament changes as the proximal phalanx is flexed. Note also how the proximal part of the volar plate folds as flexion occurs.



The collateral ligament (see Fig. 1-10) is triangular in shape and consists of two distinct parts, both of which attach proximally to the dorsal tubercle of the metacarpal. From that attachment, the fibers of the ligament diverge as they pass distally. The true, or band, part of the ligament extends more distally and is the strongest part of the ligament. From the dorsal tubercle it passes obliquely volarly and attaches to the volar aspect of the side of the proximal phalangeal base. This true ligament is somewhat loose in extension and thus permits abduction and adduction. As the proximal phalanx is flexed, this part tightens because of the cam shape of the metacarpal head and because the metacarpal head is wider volarly. As a result of the tightness, abduction and adduction are very limited in flexion. The accessory, or fan, part of the ligament is more obliquely oriented and attaches to the volar plate. Since the fibrous tendon sheath also attaches to the volar plate, the accessory collateral ligament plays an important role in stabilizing the long digital flexor tendons. The accessory ligament loosens slightly as flexion occurs.

The MCP joints are reinforced dorsally and laterally by the extensor hood (see Fig. 1-20, online). This hood consists of a flat layer of fibers that is oriented perpendicular and oblique to the long axis of the digit and sweep around the joint from one edge of the volar plate to the other. The fibers on either side of the joint are in the sagittal plane and called the sagittal bands. The hood blends with the long digital extensor tendon, slides proximally and distally, respectively, with extension and flexion, and is the mechanism through which the proximal phalanx is extended. The hood is also important in centralizing the extensor tendons at the MCP joint.

The MCP joint of the thumb is both similar to and different from the other MCP joints. The articular surfaces and collateral ligaments are quite similar. In general, the joint capsule is similar but part of it, the volar plate, varies. The volar plate contains two sesamoids bones, which form a trough for the tendon of the flexor pollicis longus muscle. The sesamoids are also partial insertions for the adductor pollicis muscle on the ulnar side and the flexor pollicis brevis muscle on the radial side. The more superficial layer of fibrous support is a somewhat modified extensor hood. The ulnar side of the hood is stronger and heavier than the radial side and formed by the tendon and aponeurosis of the adductor pollicis muscle. It extends dorsally to blend with the tendons of the extensor pollicis brevis and extensor pollicis longus muscles. The radial side of the hood is formed by the tendons of the abductor pollicis brevis and flexor pollicis brevis, which also blend with the extensor pollicis brevis and extensor pollicis longus tendons dorsally. The aponeurosis on the ulnar side forms a strong restraint against abduction forces. However, since the thumb is in a different plane than the other digits it is more vulnerable to adduction and abduction forces.

The motion available at the thumb MCP is similar in direction to the other MCP joints but more limited because of the stability of the joint. Flexion and extension are less free, and adduction and abduction are significantly more limited. However, motion varies considerably from person to person so possible limitation should be compared with motion on the opposite side.

The proximal interphalangeal (PIP) joint (Fig. 1-11) is formed by the head of the proximal phalanx, which is shaped like a short transverse cylinder, and the base of the middle phalanx, which is concave from dorsal to ventral and thus conforms to the cylindrical head. In addition, the phalangeal head has a sagittally oriented groove and the phalangeal base has a sagittally oriented ridge. These surfaces enhance the stability of the joint and ensure that the motion is limited to one degree of freedom, which is in the sagittal plane (flexion and extension).
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Figure 1-11 Dorsal view of the interphalangeal joints of a finger. The joints are opened dorsally to view the articular surfaces. Note the sagittal groove of the phalangeal heads and the sagittal ridge of the phalangeal bases.



The joint capsule is similar to that of the MCP joint. It is reinforced by the volar plate palmarly, the collateral and retinacular ligaments and the lateral bands on both sides, and the triangular membrane and central band dorsally. These structures blend with the capsule to different degrees and thus move (glide) differently relative to the capsule and to each other.

The volar plate (Fig. 1-12) is similar to that of the MCP joint and moves in the same way during flexion and extension. The sides of the proximal attachment are longer than the central part and are referred to as the “check-rein ligaments.”7 These ligaments tighten as the middle phalanx is extended and thus limit hyperextension at the PIP joint. The volar plate is also the attachment for the third annular ligament (A3 pulley) of the fibrous flexor digital tendon sheath. This pulley attaches along the sides of the plate and ensures the flexor tendons stay in place as they cross the joint. The stability of this plate is therefore essential for proper flexor tendon position and function.
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Figure 1-12 Sagittal view of the proximal aspect of the middle phalanx and volar plate of the proximal interphalangeal joint. Note that only one half of the volar plate is depicted.



The collateral ligaments (see Figs. 1-11 and Fig. 1-12) are similar to those of the MCP joints, are triangular in shape, and consist of true (band) and accessory (fan) parts. From their attachment to the dorsal tubercle of the proximal phalanx, the two parts diverge as they cross the joint—the true part attaching to the side of the base of the middle phalanx and the accessory part attaching to the volar plate. The true part is taut throughout the range of motion and thus stabilizes the joint in all positions; the accessory part stabilizes the volar plate.

Like the MCP joints, the PIP joints are reinforced to some degree by components of the extensor mechanism. The central band and triangular membrane are positioned dorsally, and the lateral band and retinacular ligament located on the sides. The tendons of both the flexor digitorum profundus and flexor digitorum superficialis pass volar to the joint.

The distal interphalangeal (DIP) joint is quite similar to the PIP joint. The architecture of the articular surfaces is similar, so the motion is limited to only the sagittal plane and that is flexion and extension. The joint capsule, volar plate, and collateral ligaments are also similar, so the motion of each and the support they provide are very much the same as the PIP joints. The volar plate provides an attachment for the fibrous part of the flexor digital tendon sheath; in this case it is the fifth annular ligament (A5 pulley).

The extra-articular structures that cross the joint are quite different. Only the tendon of the flexor digitorum profundus crosses its volar aspect. Dorsally, only the central band blends with the joint capsule as it crosses the joint.


Skin, Retinacular System, and Compartmentation of the Hand

The skin on the dorsum of the hand is different from that on the palmar aspect. The dorsal skin is thin, loose, and quite mobile. This mobility is due to a very thin subcutaneous tissue (superficial fascia) that is loosely attached to the deep fascia. The palmar skin is thicker and less mobile. The subcutaneous tissue of the thenar and hypothenar eminences is thick and fatty and thus forms considerable pads. Centrally the palmar skin is firmly attached to the palmar aponeurosis by multiple septa and is thus almost immobile. This arrangement greatly enhances grasp.

The entire upper limb is enclosed in a sleeve of connective tissue called the investing fascia. In the arm and forearm this layer is connected medially and laterally to the bones by intermuscular septa with resulting anterior and posterior compartments. This same layer continues into the hand, where it becomes a complex system of fibrous layers and septa that form multiple compartments. Structures of similar function are isolated and confined to individual compartments. Since a retinaculum is a structure (usually composed of connective tissue) that retains other anatomic structures, this is called the retinacular system.

At the wrist the investing fascia is reinforced by circumferential bands of fibers both dorsally (extensor retinaculum) and volarly (flexor retinaculum). Both of these retinacula stabilize tendons that enter the hand from the forearm. The flexor retinaculum has a more proximal superficial part, the superficial part of the flexor retinaculum or the volar carpal ligament, and a deeper distal part called the deep part of the flexor retinaculum or the transverse carpal ligament. The deep part forms the volar boundary of the carpal tunnel and is significantly thicker and stronger.

In the hand the investing fascia attaches to both the first and fifth metacarpals (Fig. 1-13). Dorsally it is thin, attaches to the other metacarpals, and is called the dorsal interosseous fascia. In the palm it is thin over the thenar (thenar fascia) and hypothenar (hypothenar fascia) eminences. Centrally it is greatly thickened to form the palmar aponeurosis.
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Figure 1-13 Transverse section through the palm of the hand. (Netter illustration from www.netterimages.com. © Elsevier Inc. All rights reserved.)



This palmar aponeurosis (palmar fascia) is a strong fibrous structure composed of fibers that are oriented from proximal to distal. It is narrow proximally where it is continuous with the tendon of the palmaris longus muscle and blends with the transverse carpal ligament. It widens as it is followed distally, and just proximal to the MCP joints it separates into four digital slips, which contribute to the formation of the fibrous digital tendon sheaths. The digital slips are interconnected by transverse fasciculi proximally and the transversely oriented superficial transverse metacarpal ligament at the level of the MCP joints. The palmar aponeurosis is firmly attached to the skin by multiple septa and to the metacarpals by several septa.

Additional fibrous layers separate various structures in the palm and define four definitive compartments. The thenar septum extends from the junction of the thenar fascia and the palmar aponeurosis to the first metacarpal and with the thenar fascia forms the thenar compartment. Similarly, on the ulnar side of the hand, the hypothenar septum extends from the junction of the hypothenar fascia and the palmar aponeurosis to the fifth metacarpal and with the hypothenar fascia forms the hypothenar compartment. A deep layer crosses the palm, attaching to the first, third, fourth, and fifth metacarpals. This adductor–interosseous fascia, together with a dorsal interosseous fascia that interconnects all of the metacarpals dorsally, forms the adductor–interosseous compartment, which more or less is between the metacarpals. The central area of the palm, the central compartment, is deep to the palmar aponeurosis, bounded medially and laterally by the hypothenar and thenar septa, respectively, and limited deeply by the adductor–interosseous fascia. Like the compartments in the arm and forearm, these compartments contain muscles that have similar function and are innervated by one or two nerves. The contents of the compartments are listed in Table 1-1 (online).



Table 1-1 Contents of the Compartments of the Hand





	Compartment

	Contents




	Thenar

	Flexor pollicis brevis, abductor pollicis brevis, opponens pollicis, tendon of flexor pollicis longus, radial bursa




	Hypothenar

	Flexor digiti minimi, abductor digiti minimi, opponens digiti minimi




	Adductor–interosseous

	All (4) dorsal interossei, all (3) palmar interossei, adductor pollicis




	Central

	All (4) lumbricals; tendons of flexor digitorum superficialis and profundus, ulnar bursa; superficial palmar arterial arch





In addition to these literal compartments that contain muscles and other structures, some potential spaces are fascial planes, bursae, or synovial tendon sheaths. These structures normally enhance movement between adjacent structures. However, these potential spaces can become actual spaces when they accumulate blood or inflammatory material, which would, in each case, produce a characteristic swelling.

The thenar and midpalmar clefts (Figs. 1-13 and 1-14), or spaces, are in a fascial plane between the long digital flexor tendons and the adductor–interosseous fascia. This plane is separated into ulnar midpalmar and radial thenar space by the midpalmar septum that extends between the palmar aponeurosis and the third metacarpal. The thenar space is located on the volar aspect of the adductor pollicis muscle; the midpalmar space on the volar aspects of the medial interossei muscles.
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Figure 1-14 Volar view of the hand and wrist depicting the radial and ulnar bursae, digital tendon sheaths, and the thenar and midpalmar spaces.



The radial and ulnar bursae (see Fig. 1-14) are parts of the synovial tendon sheaths of the long digital flexor muscles. The radial bursa is associated with the flexor pollicis longus muscle and extends from just proximal to the carpal tunnel to the distal phalanx of the thumb. The ulnar bursa is associated with all eight tendons of the flexor digitorum superficialis and profundus muscles in the palm but continues distally into the digit with only those to the little finger. This bursa extends from proximal to the carpal tunnel into the palm and distally to the distal phalanx of the little finger. Digits two, three, and four have individual synovial digital tendon sheaths that extend from just proximal to the MCP joints to the distal phalanges. Each of these can also become enlarged.

On the dorsum of the hand there are two potential planes (see Fig. 1-13) where fluid can collect: one in the subcutaneous tissue and the other associated with the long extensor tendons. The subcutaneous tissue is dorsal to the metacarpals and contains the long digital extensor tendons, cutaneous nerves, dorsal venous network, and most of the afferent lymphatics from the hand. Since these lymphatics drain most of the hand, inflammation in virtually any part of the hand can lead to a general swelling on the dorsum of the hand. The long extensor tendons, aside from those to the thumb, are enclosed by supratendinous and infratendinous layers of fascia. These two layers unite on both sides of the group of tendons, thus forming a type of compartment around the tendons. Since the tendons do not occupy the entire side-to-side dimension of the dorsum of the hand, the subcutaneous plane is wider than the tendon plane.


Intrinsic Muscles of the Hand

The intrinsic muscles (Figs. 1-15 and 1-16) are those small muscles that both arise and insert within the hand and generally are involved in the finer movements of the digits. With the exception of the palmaris brevis, these muscles are found in the compartments of the hand, and those of each compartment have similar actions. The palmaris brevis is found in the subcutaneous tissue of the palm on the ulnar side at the base. This variable muscle extends from the ulnar side of the palmar aponeurosis to the skin of the medial hand. It is supplied by the superficial branch of the ulnar nerve and pulls the medial skin radially, which aids in grasp.
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Figure 1-15 Volar view of the superficial muscles of the hand.
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Figure 1-16 Volar view of the deep muscles of the hand. DI, dorsal interosseous; PI, palmar interosseous.



The thenar compartment contains three of the four intrinsic thumb muscles, and all three are supplied by the recurrent (thenar, motor) branch of the median nerve. The abductor pollicis brevis is superficial and volarly positioned, arising from the transverse carpal ligament and the trapezium and inserting on the ventral aspect of the base of the proximal phalanx of the thumb. It abducts the thumb; that is, moves it away from the index finger in the sagittal plane. The flexor pollicis brevis is in the same plane as the abductor and more medial in position. It arises from the transverse carpal ligament and trapezium and inserts on the ventromedial base of the thumb’s proximal phalanx. It flexes (coronal plane) both the thumb metacarpal and proximal phalanx. The opponens pollicis is the deepest of the three muscles and covers a good part of the shaft of the first metacarpal. From an origin on the transverse carpal ligament and trapezium its fibers pass radially and insert on a line along the volar aspect of the metacarpal. Since its fibers are oblique and it has a linear attachment to the metacarpal, the muscle is ideally positioned to produce axial rotation (opposition) of the metacarpal.

The muscles in the hypothenar compartment are similar to those of the thenar compartment and produce similar motions. All three of these muscles are supplied by the deep branch of the ulnar nerve. The abductor digiti minimi is the most medial in position and extends from the pisiform to the medial aspect of the base of the fifth proximal phalanx. It abducts the little finger at the MCP joint (moves the digit away from the middle finger). The flexor digiti minimi is positioned volarly and laterally. From its origin on the hook of the hamate and the transverse carpal ligament, it extends distally and a bit medially to insert on the medial base of the fifth proximal phalanx. This muscle flexes the little finger at the MCP joint. The opponens digiti minimi arises from the hook of the hamate. Its fibers diverge as they pass medially and distally, crossing the metacarpal obliquely, and insert along a line on the medial shaft of the fifth metacarpal. This muscle is in an ideal position to rotate the fifth metacarpal but due to the limited motion at the CMC joint it produces only a small amount of cupping of the medial aspect of the hand.

The central compartment contains the four lumbrical muscles. Each muscle arises from the flexor digitorum profundus tendon on its ulnar side or from both tendons between which it is positioned. The muscles pass distally, cross volar to the flexion–extension axes of the MCP joints, then insert into both the central and lateral bands of the extensor mechanism. Their actions are to produce flexion at the MCP joints and extension at both the PIP and DIP joints. The mechanism of these functions is more fully explained in the section on the extensor mechanism. The innervation of these muscles is similar to that of the flexor digitorum profundus muscle: the two ulnar muscles are supplied by the ulnar nerve; the two radial by the median.

The adductor–interosseous compartment contains all of the interossei muscles as well as an intrinsic thumb muscle, the adductor pollicis. All of these muscles are supplied by the deep branch of the ulnar nerve. The adductor pollicis is the largest of the intrinsic muscles and the only thumb intrinsic not in the thenar compartment. It has two heads: an oblique head, which arises from the lateral distal carpals and adjacent bases of the metacarpals and a transverse head, which arises from the shaft of the third metacarpal. The fibers from this wide origin converge and insert on the ventromedial base of the proximal phalanx of the thumb. This is the major muscle with the capability of adducting the thumb, that is, moving it toward the index finger.

The palmar and dorsal interossei muscles are found between the metacarpals and are responsible for adducting and abducting the four medial digits. Since the middle finger is the reference for this motion, the location and attachments relative to that finger determine their actions. The palmar interossei are the adductors (PAD) and the dorsal are the abductors (DAB). The interossei are also part of the extensor mechanism so they, like the lumbricals, produce flexion at the MCP joints and extension at both the PIP and DIP joints.

The three palmar interossei are positioned so they move the index, ring, and little fingers toward the middle finger. Hence, they arise from the lateral aspects of the fourth and fifth metacarpal shafts and the medial aspect of the second metacarpal shaft. They pass distally dorsal to the deep transverse metacarpal ligament but volar to the flexion–extension axis of the MCP joints and insert into both the central and lateral bands of the extensor mechanism. An insertion on the base of the proximal phalanx is variable.

Even though the four dorsal interossei are associated with the motion of only the index, middle, and ring fingers, they arise from all five metacarpals. Each of these muscles has two heads of origin so each muscle arises from the sides of adjacent metacarpal shafts. The muscles cross the MCP joints volar to the flexion–extension axes, insert into the sides of the bases of the proximal phalanges, and continue to insert into both the central and lateral bands of the extensor mechanism. The middle finger has two dorsal interossei, which deviate the finger medially and laterally; both of these motions are really abduction because they are moving the digit away from the central reference point.


Tendons of the Extrinsic Muscles of the Hand

The extrinsic muscles of the hand are those muscles that arise in the forearm and insert within the hand. These muscles, the long digital flexors and extensors, have muscle bellies located within the forearm and long tendons that cross the wrist and continue into the digits. These tendons have long courses through the hand, and their relationships and surrounding structures are constantly changing as they are followed from the wrist and into the digits. Since they are commonly injured, it is important to understand their relationships along their courses because different adjacent structures may be injured along with the tendons themselves and present different clinical issues. A general comparison of the long digital flexor and extensor tendons is presented in Table 1-2 (online).

Table 1-2 Comparison of Long Digital Flexor and Extensor Tendons





	Flexor Tendons

	Extensor Tendons




	Cross section: large and oval or round

	Cross section: small, flat, and thin




	Connected to muscles of significant mass: some of pennate construction → power

	Connected to muscles of lesser mass: all parallel construction → extension and positioning




	Deeply positioned and thus protected in palm: significant tissue between skin and tendons. Fascial plane between tendons and metacarpals

	Very superficially positioned: minimal subcutaneous tissue between skin and tendons. Fascial plane between tendons and metacarpals




	Strongly attached and anchored to the volar aspects of the phalanges by fibrous digital tendon sheaths

	Centralized and held in position by system of fibrous bands called the extensor aponeurosis or mechanism




	Have synovial tendon sheaths along the digits

	No synovial sheaths along digits




	Tendons come together in common compartment (carpal tunnel) as they cross wrist

	Tendons in multiple compartments as they cross wrist: each compartment contains tendons of one or two muscles




	No intertendinous connection

	Intertendinous connection between tendons to index, middle, ring, and little digits: link some motions




	Even though each tendon exerts force primarily on one joint as it passes along digit, it also exerts some force on more proximal joints

	Each tendon exerts force primarily and almost exclusively at MCP joint: only in less functional positions can it potentially exert force at IP joints




	FDP and FDS tendons insert on bones just distal to joints, DIP and PIP, respectively, where they produce primary force

	ED, EI, and EDM do not have functional insertions to bones just distal to primary joint (MCP) of motion. Produce extension through extensor hood




	FDP serves as origin of lumbrical muscles in palm

	Distal to MCP joints extensions of these tendons (central and lateral bands) serve as tendons of lumbrical and interossei muscles





DIP, distal interphalangeal; ED, extensor digitorum; EDM, extensor digiti minimi; EI, extensor indicis; FDP, flexor digitorum profundis; FDS, flexor digitorum superficialis; MCP, metacarpophalangeal.

The long digital flexor tendons (see Fig. 1-15) of the flexor digitorum profundus (FDP) and the flexor digitorum superficialis (FDS) muscles enter the hand by passing through the carpal tunnel. Just proximal to the tunnel the tendons are in three rows: the FDS tendons to the middle and ring fingers are volar, those to the index and little fingers are intermediate, and all four FDP tendons are dorsal. As the tendons continue into the tunnel, the FDS tendons are volar to those of the FDP. In the palm, they diverge toward their respective digits with the FDP tendons dorsal or deep to the FDS tendons. A lumbrical muscle is on the radial side of each pair of tendons. Each pair of tendons enters the digital tendon sheath just proximal to the volar plate of the MCP joint. The FDS tendon splits (Champer’s chiasm) as it crosses the proximal phalanx; the two parts curve dorsally around the FDP tendon and insert on the volar base of the middle phalanx. The orientation of the fibers at this split minimizes the constrictive force transferred to the FDP tendon as it passes through the chiasm.8 The FDP tendon continues across the middle phalanx and DIP joint and inserts on the volar base of the distal phalanx. The blood supply to these tendons is provided by vessels that enter the tendons in the palm and form longitudinal channels within the tendon itself and through the long and short vincula in the digits. Additionally, vessels enter both tendons through their boney insertions.9

The zones of the flexor tendons are described and summarized in Table 1-3 (online). These zones are numbered from distal to proximal, and in each zone both the number of structures and the biomechanical considerations change.

Table 1-3 Zones of the Long Digital Flexor Tendons
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FDP, flexor digitorum profundis; FDS, flexor digitorum superficialis; FPL, flexor pollicis longus.

The effectiveness of the extrinsic digital flexor muscles depends on the positions of the joints that they cross. The FDP affects motion primarily at the DIP joints; the FDS, at the PIP joints. The force generated at all joints by muscle contraction is directly related to the position of the wrist because that position determines the physiologic range in which the muscle operates. Thus, most activities of the hand occur with the wrist in some degree of extension. The tendons of these two muscles glide differently and that is determined by the positions of the joints of the digits (Table 1-4, online). The lumbricals produce flexion at the MCP joints and extension at the PIP and DIP joints. When the FDP shortens the proximal attachments of the lumbrical moves proximally, which increases the physiologic advantage of the lumbrical. Likewise, when flexion occurs at the MCP joint, the proximal movement of the FDP tendon compensates for the shortened lumbrical.

Table 1-4 Differential Flexor Tendon Gliding
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DIP, distal interphalangeal; FDP, flexor digitorum profundis; FDS, flexor digitorum superficialis; MCP, metacarpophalangeal; PIP, proximal interphalangeal.

From Wehbe MA, Hunter JM. Flexor tendon gliding in the band, Part II. Differential gliding. J Hand Surg. 1985;10A:575-579.

The flexor tendon sheaths have two distinct components: a synovial sheath that facilitates motion and a fibrous sheath that maintains tendon position. In most locations in the body, as in the digits, both components are present. In the palm, however, the synovial sheath is present by itself.

The fibrous digital tendon sheath (Fig. 1-17) is limited to each digit and extends from the proximal end of the MCP volar plate to the distal edge of the DIP volar plate. The sheath is considered to be anatomically continuous, but there are multiple points at which it is greatly reinforced by a concentration of transversely oriented fibers (annular ligaments or annular [A] pulleys) and points where less robust, obliquely oriented fibers (cruciform ligaments or curiae [C] pulleys) are found. The A pulleys are numbered from proximal to distal, so pulleys 1, 3, and 5 are attached to the MCP, PIP, and DIP volar plates, respectively, and pulleys 2 and 4 are associated with the proximal and middle phalanges, respectively.10 These A pulleys are strong and important functionally because they hold the tendons exactly in position at the most critical places. Pulleys A2 and A4 are the most important because they ensure the tendons follow the concave volar shafts of the proximal and middle phalanges. The reduction in motion caused by the loss of each A pulley is indicated in Table 1-5 (online). In addition to their importance in preventing bowstringing, the A2 and A4 pulleys, together with the head of the proximal phalanx, maintain a three-point force system that facilitates the onset of flexion at the PIP joint. In the extended digit, the flexor tendons are dorsal in position along the shafts of the proximal and middle phalanges and volar as they cross the PIP joint. As the flexor tendons tighten, they exert a dorsal force on the head of the proximal phalanx and volar forces on the A2 and A4 pulleys, which initiate flexion. This also occurs at the DIP joint but to a lesser degree.
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Figure 1-17 Lateral view of the annular (A) and cruciate (C) ligaments (pulleys) of the fibrous part of the flexor digital tendon sheath as described by Doyle. (Doyle JR. Anatomy of the finger flexor tendon sheath and pulley system. J Hand Surg. 1988;13A:473-484.)



Table 1-5 Predicted Loss of Annular (A) Pulleys*
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* Based on total of 260 degrees of flexion: MCP—90 degrees; PIP—110 degrees; DIP—60 degrees).

DIP, distal interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal; ROM, range of motion.

From Amadio PC, Lin CT, An KN. Anatomy and pathomechanics of the flexor pulley system. J Hand Ther. 1989;2:138-141.

The cruciate, or C, pulleys are also numbered from proximal to distal. The term cruciate implies that these pulleys are X-shaped, but in reality they may exist only in an oblique form.11 The two most consistently present are C1 and C3, which are distal to the A2 and A4 pulleys, respectively. Pulley C1 extends from the proximal phalanx to the PIP volar plate; C3 interconnects the middle phalanx and the DIP volar plate. The presence of a C pulley proximal to either pulley A2 or A4 is highly variable.12 These pulleys may aid in preventing bowstringing, but if so it appears to be minimal.

The fibrous sheath of the thumb extends from the proximal margin of the MCP volar plate to the distal margin of the IP volar plate. Annular pulleys are associated with both the MCP and IP volar plates. The pulley associated with the proximal phalanx is oblique, extending from the ulnar base of the proximal phalanx to its radial side near the IP joint. Loss of any single pulley does not appreciably reduce motion. Loss of the proximal annular and the oblique pulleys significantly reduces motion.13

The synovial tendon sheath (Figs. 1-14 and 1-18) is very much like a bursa in that it consists of two layers, which are continuous and thus form a closed space. Think of a balloon that has lost all its air, so although it is collapsed it still has a potential space if it were reinflated. A bursa is generally more or less flat; a synovial tendon sheath wraps around a tendon until the two sides meet so it doesn’t entirely encircle the tendon. The two layers of the synovial sheath attach to whatever is adjacent to them. In the case of a digital tendon sheath, the inner (visceral) layer attaches to the tendon, and the outer (parietal) layer attaches to the fibrous part of the tendon sheath. When a tendon moves, the gliding motion occurs between the two layers of the synovial tendon sheath as opposed to between the tendon and the fibrous sheath. The inner surface of the sheath is lined by cells that are similar to those that line the synovial layer of a synovial joint capsule. These cells regulate a minuscule amount of lubricating fluid that is in the space, and they are sensitive to a variety of insults and react by initiating inflammation within the space. Inflammation within a synovial tendon sheath interferes with normal gliding of the tendon and forces the finger into flexion because the space can accommodate more fluid in that position.14
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Figure 1-18 View of a synovial tendon sheath. Note that the sheath does not totally surround the tendon and that there is a space within the sheath in this illustration. In reality, that space is a potential space because the two layers of the sheath are separated only by a thin layer of fluid.



The fibrous part of the digital tendon sheath forms a very tight and rigid fibro-osseous canal, so there is very little room beyond that taken by the tendons and the synovial part of the sheath. Since the pulleys of the fibrous sheath are not continuous, the sheath is thinner, and thus weaker, between pulleys. Under normal circumstances the synovium bulges slightly, forming “cul-de-sacs,” in the weaker areas, either between or next to pulleys; this is particularly true proximal to the A1 pulley because the synovial sheath extends proximal to the fibrous sheath and forms a pouch.15 With flexion, the visceral layer of the synovial sheath slides proximally with the tendon so the pouch enlarges. With any inflammation in the sheath the bulges enlarge, particularly the pouch proximal to the A1 pulley.

There are five different synovial tendon sheaths in the palmar hand: the ulnar and radial bursae and three separate digital tendon sheaths (see Fig. 1-14). The ulnar bursa is associated with all of the tendons of the FDS and FDP muscles. It begins proximal to the carpal tunnel, extends through the tunnel into the palm, and follows the FDS and FDP tendons into the little finger, where it becomes its synovial digital tendon sheath. That part of the ulnar bursa associated with the tendons of the index, middle, and ring fingers ends in the midpalm so there is a “bare area” in the palm where there is no synovial sheath. The radial bursa is associated with the FPL tendon and extends from proximal to the carpal tunnel to the distal phalanx of the thumb. The three separate digital synovial sheaths are associated with the index, middle, and ring fingers and extend from just proximal to the MCP joints to the distal phalanges of those digits.

The tendons of the extrinsic extensor muscles enter the hand by passing deep to the extensor retinaculum; these muscles are three wrist extensors, the abductor pollicis longus, and five digital extensors. The extensor retinaculum extends from the radius laterally to the ulna medially and is connected to those bones by five septa that form six separate compartments deep to the retinaculum. These compartments are numbered from radial to ulnar and illustrated in Figure 1-19. The tendons of the extrinsic extensors pass through these compartments and thus are stabilized at the wrist. While in the compartments, the tendons have synovial sheaths that begin proximal to and extend distal to the retinaculum. Generally, a single synovial sheath is associated with all tendons in a compartment but there is variability, particularly in first compartment. The contents of these compartments, the synovial sheaths, and the terminations (insertions) of the tendons are summarized in Table 1-6 (online).
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Figure 1-19 View of the tendons of the extrinsic extensor muscles on the dorsum of the wrist and hand.



Table 1-6 Extensor Tendon Compartments Deep to the Extensor Retinaculum

[image: images]



On the dorsolateral hand, in the region of the base of the thumb, the tendons of the APL, EPB, and EPL define the anatomic “snuff box” (see Fig. 1-19). The APL and EPB tendons form the anterior boundary. The EPL tendon forms the posterior boundary; it is positioned more posteriorly because it passes around the dorsal radial tubercle (of Lister) as it enters the hand. The floor of the snuff box is formed by the scaphoid. The radial artery passes diagonally across the scaphoid toward the first web space, and branches of the superficial radial nerve cross the tendons forming the boundaries.

The tendons to the four medial digits are the extensor digitorum (ED), extensor indicis proprius (EI), and the extensor digiti minimi (EDM). The tendons of the ED and EI muscles pass through extensor compartment four, and that of the EDM passes through compartment five. Distal to the wrist, the ED tendons diverge toward the MCP joints, with the EI and EDM tendons passing to the index and the little fingers, respectively. These tendons are thin and flat, and because there is minimal subcutaneous tissue, they are close to the metacarpals and dorsal interossei and the skin. Just proximal to the MCP joints, the ED tendons to all four digits may be interconnected by intertendinous connections (juncture tendinum) (see Fig. 1-19), but those of the middle, ring, and little fingers almost always are. These connections are oblique, passing distally from the ring finger tendon to those of the middle and little fingers. Because of this orientation, independent motion of the three fingers is limited, meaning that when the middle and little fingers are flexed at the MCP joints, it is difficult to actively extend the ring finger.16

The extensor mechanism (retinaculum, aponeurosis) (Fig. 1-20, online) is the system of fibrous bands on the dorsum and sides of the digits that extends from just proximal to the MCP joint to the distal phalanx on each digit. This structure is very important to both the motion and balance of the digit and has multiple components.
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Figure 1-20 Dorsal (A) and lateral (B) views of the extensor mechanism. (Netter illustration from www.netterimages.com. © Elsevier Inc. All rights reserved.)



As the extensor tendon crosses the MCP joint, it is not functionally attached to the proximal phalanx but rather to the extensor hood. This hood is a circumferential band of fibers that sweeps around the joint. The sides of this hood are in the sagittal plane and attach volarly to the volar plate. They are known as the sagittal bands.17 Distal to the sagittal bands the fibers of the hood are more obliquely oriented. The hood functions as a sling, sliding distally with flexion and proximally with extension, and is the mechanism through which the extensor tendon(s) extends the proximal phalanx at the MCP joint. The hood also anchors and stabilizes the extensor tendon in its central position.

Just distal to the MCP joint the extensor tendon separates into a single central band (slip) and a pair of lateral bands (slips). The central band continues along the proximal phalanx, crosses the PIP joint, and attaches to the dorsal base of the middle phalanx. The lateral bands diverge as they pass distally, crossing the sides of the PIP joint just dorsal to its flexion–extension axis. They continue distally and converge dorsally to form a single band that crosses the dorsal aspect of the DIP joint and attaches to the dorsal base of the distal phalanx. Even though both the lateral and central bands are direct continuations of the extensor tendons, they are only minimally controlled by the extensor muscles because the excursion of the ED muscle is primarily utilized at the MP joint.18 However, since both the lumbrical and interossei muscles attach to the central and lateral bands, they effectively are the tendons of those muscles. The lumbricals and interossei pass ventral to the flexion–extension axis of the MCP joint and thus flex the proximal phalanx, and by virtue of their attachments to the central and lateral bands, these muscles extend both the middle and distal phalanges.

The maintenance of the position of the lateral bands as they cross the PIP joint is critical to the normal position and motion of the digit. This position is maintained by two fibrous supports. The triangular membrane interconnects the lateral bands dorsal to the middle phalanx and the PIP joint and prevents them from migrating volarly. That is, the membrane ensures that the lateral bands cross the PIP dorsal to the flexion–extension axis. The retinacular ligament has two components, and both of these prevent dorsal migration of the lateral bands.19 The transverse retinacular ligament originates from the volar capsule of the PIP joint and flexor pulleys and inserts at the conjoined lateral tendon at the proximal half of the middle plalanx. The oblique retinacular (Landsmeer’s) ligament originates on the palmar plate and flexor sheath volar to the PIP joint and inserts in the terminal tendon.20 The oblique retinacular ligament is likely the more important in stabilizing the lateral band. It passes volar to the flexion–extension axis of the PIP joint and it links motion at the PIP and DIP joints. As the distal phalanx is flexed, the lateral bands are pulled distally, which adds tension to the oblique ligaments. This increases the flexion force at the PIP joint and thus causes flexion of the middle phalanx. Conversely, as the middle phalanx is extended, the oblique ligaments are stretched, which adds tension to the lateral bands and causes extension of the distal phalanx. In other words, the distal phalanx cannot be flexed without the middle phalanx also being flexed, nor can the middle phalanx be extended without the distal phalanx also being extended. However, if Landsmeer’s ligaments are a bit slack, the lateral bands can slide dorsally and the PIP joint can be “locked” in extension. Then, the distal phalanx can be flexed while the middle phalanx remains extended.

Even though the thumb has a modified extensor hood, extension of the middle and distal phalanges is rather straightforward and performed by the extensor pollicis brevis (EPB) and extensor pollicis longus (EPL), respectively. The modified hood is the superficial layer of fibrous support on the dorsum and sides of the thumb and is considerably stronger and heavier on the ulnar side. That side is formed by the tendon and aponeurosis of the AP; it is wide and extends dorsally to blend with the tendons of the EPB and EPL. The radial side is formed by the APB and FPB tendons, which also pass dorsally to blend with the EPB and EPL tendons.


Digital Balance

The position of a digit at rest, as well as during motion, is dependent on the forces on the flexor and extensor sides of the finger. These forces are both dynamic (muscular) and static (ligamentous). The relaxed posture of each digit—slight flexion at each joint with the amount of flexion increasing from the index to little fingers—reflects these forces and that the flexor forces exceed those on the extensor side. Loss of any force produces a predictable change in the natural posture (deformity) and typically an opposite dynamic loss. For example, loss of the central band as it crosses the DIP joint produces a flexed distal phalanx (mallet finger) and an inability to extend the distal phalanx.

The normal dorsal and volar forces at the MCP, PIP, and DIP joints are summarized in Table 1-7 (online) and illustrated in Figure 1-20 (online). On the volar aspect of the digit, the FDP muscle is the only force at the DIP joint, and it contributes to the flexor forces at both the PIP and MP joints. The FDS muscle is the primary force at the PIP joint, and it contributes to the volar force at the MP joint. Flexor force at the MP joint is provided by the lumbrical and interossei muscles as well as from the two long digital flexors. Although the flexor force at the MP joint is provided by multiple muscles, the specific source of that force varies considerably and is largely dependent on the position of the wrist. The force in a strong grasp occurs at the DIP and PIP joints, and, if the wrist is extended, at the MCP joints as well. Flexion of the proximal phalanges by the lumbricals and interossei occurs when the hand is performing delicate maneuvers. The only static force on the flexor side of the digit is at the PIP joint, which is provided by the oblique part of the retinacular ligament.

Table 1-7 Dynamic and Static Flexor and Extensor Forces of the Digits
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(?), questionable force; ED, extensor digitorum; FDP, flexor digitorum profundis; FDS, flexor digitorum superficialis.

The only extensor force across the MP joint is provided by the ED, EI, and EDM muscles; if they provide any force across the PIP and DIP joints it is minimal. At both the PIP and DIP joints, the major muscular force is supplied by the lumbrical and interossei muscles. The oblique portion of the retinacular ligament is a static support across the extensor aspect of the DIP joint, and the triangular membrane is a static support across the PIP joint.

Incompetence of the oblique retinacular ligament or the transverse retinacular ligament results in a dorsal displacement of the lateral bands, which increases the extensor force at the PIP joint. Loss of the oblique ligament also removes a flexor force at the PIP joint, so the net result is an imbalance of force in favor of the extensor side so there is hyperextension of the middle phalanx. This hyperextension causes an increase in the tension in the tendons of both the FDP and FDS muscles, which produces flexion of both the distal and proximal phalanges. The resulting position, hyperextension at the PIP joint and flexion at both the DIP and MP joints, is referred to as a swan-neck deformity.

Destruction of the soft structures dorsal to the PIP joint produces a different deformity. This is an example of a deformity resulting from loss of both static and dynamic forces. Loss of the central band removes the lumbrical and interossei force (and that of the ED if any exists) and loss of the triangular membrane allows the lateral bands to slide volarly. Force across the extensor side of the joint is reduced; if the volar displacement of the lateral bands is sufficient (volar to the flexion–extension axis), virtually all extensor force is lost, and force may be added to the flexor side. In either case the balance of power shifts toward the flexor side of the PIP joint and flexion results. The passive tension in the tendons of the FDP and FDS muscles is reduced, resulting in extension of the distal and proximal phalanges. This position, flexion of the PIP joint and extension at both the MP and DIP joints, is referred to as a boutonnière (buttonhole) deformity.

A deformity resulting from a nerve injury results from loss of dynamic forces. An injury of the ulnar nerve in Guyon’s canal is considered a “low” ulnar nerve injury. This type of injury results in loss of the AP, all interossei, the two medial lumbricals, and the muscles in the hypothenar compartment. Of those muscles, the ones contributing to the flexion–extension balance of the digits are the interossei and lumbricals. The deformity resulting from such an injury is aptly called the incomplete claw. The loss of the interossei and lumbrical muscles reduces the dynamic force across the volar aspect of the MCP joint and most, if not all, of the dynamic force across the dorsal aspects of the PIP and DIP joints. This reduces the flexor force at the MCP joints and the extensor force at the PIP and DIP joints, which results in an increase in extensor force at the MCP joints and the flexor force at the PIP and DIP joints. The result is the clawlike posture when hyperextension occurs at the MCP joints and flexion occurs at the PIP and DIP joints. Since the lumbricals and interossei are both lost in the little and ring fingers and only the interossei are lost in the ring and middle fingers, the claw is more severe in the little and ring fingers.


Nerve Supply of the Hand

The muscular and cutaneous nerve supply to the hand is summarized in Table 1-8 (online).

Table 1-8 Nerve Supply of the Hand

[image: images]

PIP, proximal interphalangeal.

Three peripheral nerves, the median, ulnar, and superficial radial, supply the hand (Figs. 1-21 and 1-22, online). The median nerve is the major cutaneous nerve of the hand. It has a small palmar branch in the distal forearm that passes superficially into the hand and supplies the skin of the base of the thumb. Just proximal to the wrist the median nerve is located between the tendons of the palmaris longus and flexor carpi radialis muscles. It enters the hand, passing through the carpal tunnel as the most volar structure. Just distal to the tunnel it branches into its terminal branches: the recurrent (motor, muscular) branch and several digital branches. The recurrent branch passes laterally and supplies the muscles in the thenar compartment. It is in a superficial position, about midway between the pisiform and the thumb MCP joint, and therefore vulnerable to laceration. The digital branches are of two types. A common palmar digital nerve supplies adjacent sides of two fingers; it passes toward a web-space, where it divides into two proper palmar digital nerves. Each proper digital nerve supplies the side of a single digit. It extends to the end of a digit and supplies the volar half of the skin to the PIP joint and the volar and dorsal aspects distal to that. A proper digital nerve also supplies the joints of the digit.
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Figure 1-21 Volar view of the superficial neurovascular structures of the palm.
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Figure 1-22 Volar view of the deep neurovascular structures of the palm.



The ulnar nerve is the major muscular nerve of the hand. Just proximal to the wrist it is positioned deep to the tendon of the flexor carpi ulnaris muscle. It enters the hand in company with the ulnar artery by passing lateral to the pisiform, superficial to the pisohamate ligament, deep to the palmaris brevis muscle, and then medial to the hook of the hamate (Guyon’s canal). This is a vulnerable part of its course because it is superficial and thus vulnerable to laceration, and it crosses the robust pisohamate ligament so it is vulnerable to external compression. In the canal or just distal, the nerve branches into superficial and deep branches. Aside from supplying the palmaris brevis muscle, the superficial branch is a cutaneous nerve and usually divides into one common palmar and one proper palmar digital nerve. The deep branch is muscular and has no cutaneous distribution. It passes through the hypothenar compartment and then accompanies the deep palmar arterial arch, passing laterally in a position deep to the long digital flexor tendons. The deep branch terminates laterally, where it enters the adductor pollicis muscle. The ulnar nerve has a dorsal cutaneous branch, which arises proximal to the wrist. This branch enters the hand by passing dorsally across the medial aspect of the wrist. On the dorsum of the hand it has common and proper dorsal digital branches. Its distribution is variable but typically it supplies the medial digit and a half as far distally as the PIP joint and the corresponding part of the dorsum of the hand.

The superficial radial nerve is purely cutaneous and supplies the dorsolateral aspect of the hand. It enters the hand by passing superficially across the anatomic snuff box and the tendon of the extensor pollicis longus. It branches into common and proper dorsal digital nerves and, although variable, typically supplies the lateral three and a half digits as far distally as the PIP joints and the corresponding part of the dorsal hand.

The segmental innervation is provided by four spinal cord segments. The skin of the lateral hand, thumb, and index finger is supplied by spinal cord segment C6; that of the middle finger by C7; and the medial hand, ring, and little fingers by C8. The intrinsic muscles of the hand are supplied by spinal cord segments C8 and T1, the lateral ones by C8 and the medial by T1.


Blood Supply of the Hand

The hand is supplied by the radial and ulnar arteries (see Figs. 1-21 and 1-22, online). These arteries form two arterial arches, and the branches of these arches have multiple interconnections so arterial collateralization in the hand is rich.

The ulnar artery enters the hand by passing lateral to the pisiform and medial to the hook of the hamulus, in Guyon’s canal. It is accompanied by the ulnar nerve. While in the canal or just distally, the artery splits into its larger superficial branch and smaller deep branch. The superficial branch sweeps laterally across the palm and is the primary contributor to the superficial palmar arterial arch. This arch is at the level of the distal aspect of the fully extended thumb and positioned between the palmar aponeurosis and the long digital flexor tendons. The arch is typically completed by the superficial palmar branch of the radial artery although the connection may be very small or even absent. The branches of the arch are common palmar digital arteries to adjacent sides of two digits and proper palmar digital arteries to one side of a single digit. Typically, the branches are a proper digital to the medial aspect of the little finger and three common digitals to the little, ring, middle, and index fingers. The arteries to the thumb and lateral aspect of the index finger are usually branches of the radial artery but may branch from the superficial arch or both. The deep branch of the ulnar artery passes through the hypothenar compartment and then turns laterally to complete the deep palmar arterial arch.

Proximal to the wrist the radial artery is just lateral to the tendon of the flexor carpi radialis, where its superficial palmar branch arises. The radial artery then passes dorsally across the lateral aspect of the wrist and passes through the anatomic snuff box. Just distal to the tendon of the EPL it reaches the first webspace, where it turns volarly, passing between the two heads of the first dorsal interosseous to reach the palm. Once in the palm the radial artery becomes the deep palmar arterial arch; this arch is completed by the deep branch of the ulnar artery and positioned about a thumb’s width proximal to the superficial arch between the long digital flexor tendons and the interossei and metacarpals. The deep arch is accompanied by the deep branch of the ulnar nerve. The most lateral branch of the deep arch is usually the princeps pollicis artery to the thumb. The next branch is the radialis indicis artery, which supplies the lateral aspect of the index finger. A variable number of metacarpal arteries branch from the deep arch and join the common digital branches of the superficial arch in the distal palm.

Both the radial and ulnar arteries have palmar and dorsal carpal branches. The branches unite off of their respective surfaces of the carpus to form palmar and dorsal arches (rete) that are somewhat variable.
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CRITICAL POINTS

Anatomy

▪ Bones: Two rows

▪ Ligaments: Dorsal, palmar, intercarpal

▪ Membranes: Scapholunate and triquetrolunate

▪ Pedicles: Radioscapholunate

Normal Kinetics

▪ Proximal row moves as a unit

▪ Proximal row is intercalated segment—no tendons attach to it

▪ Ligaments provide stability

▪ Lunate is keystone



The wrist is a unique joint interposed between the distal aspect of the forearm and the proximal aspect of the hand. All three regions have common or shared elements, which integrate form and function to maximize the mechanical effectiveness of the upper extremity. The wrist enables the hand to be placed in an infinite number of positions relative to the forearm and also enables the hand to be essentially locked to the forearm in those positions to transfer the forces generated by the powerful forearm muscles.

Although the wrist is truly a mechanical marvel when it is intact and functioning, loss of mechanical integrity of the wrist inevitably causes substantial dysfunction of the hand and thus the entire upper extremity. It is vital that a thorough understanding of the wrist, including efforts at diagnosis, treatment, and rehabilitation, be acquired by all who treat the wrist. This chapter provides such a foundation by exploring the general architecture of the wrist; the bones; and joints that comprise the wrists and the soft tissues that stabilize, innervate, and perfuse the wrist. In addition, an overview of the mechanics of the wrist, with a discussion of its motions and subparts and the force distribution across the wrist, is provided.


Bony Anatomy

There are eight carpal bones, although many consider the pisiform to be a sesamoid bone within the tendon of the flexor carpi ulnaris (FCU), and thus not behaving as a true carpal bone. The bones are arranged into two rows (proximal and distal carpal row), each containing four bones. All eight carpal bones are interposed between the forearm bones and the metacarpals to form the complex called the wrist joint.


Distal Radius and Ulna

The distal surface of the radius articulates with the proximal carpal row through two articular fossae separated by a fibrocartilaginous prominence oriented in the sagittal plane called the interfossal ridge (Figs. 2-1 and 2-2). The scaphoid fossa is roughly triangular in shape and extends from the interfossal ridge to the tip of the radial styloid process. The lunate fossa is roughly quadrangular in shape and extends from the interfossal ridge to the sigmoid notch. On the dorsal cortex of the distal radius, immediately dorsal and proximal to the interfossal ridge, is a bony prominence called the dorsal tubercle of the radius, or Lister’s tubercle (see Fig. 2-1). It serves as a divider between the second and third extensor compartments and functionally behaves as a trochlea for the tendon of extensor pollicis longus. On the medial surface of the distal radius is the sigmoid notch. This concave surface articulates with the ulnar head to form the distal radioulnar joint (DRUJ). It has a variable geometry across a population, both in shape and orientation, but is largely felt to be symmetrical in any given individual.
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Figure 2-1 Distal radius from a distal and ulnar perspective. ir, Interfossal ridge; lf, lunate fossa; sf, scaphoid fossa.
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Figure 2-2 Radiocarpal joint from a distal perspective, prepared by palmar-flexing the proximal carpal row. The triangular disk is seen between the distal radioulnar (DRU) and palmar radioulnar (PRU) ligaments. The interfossal ridge is seen between the scaphoid and lunate fossae. f, Foveal attachment of triangular fibrocartilage complex (TFCC); l, lunate; lf, lunate fossa of the distal radius; s, styloid attachment of TFCC; sf, scaphoid fossa.



Under normal circumstances, the ulna does not articulate directly with the carpus. Rather, a fibrocartilaginous wafer called the triangular disk is interposed between the ulnar head and the proximal carpal row (see Fig. 2-2). Even the ulnar styloid process is hidden from contact with the carpus by the ulnotriquetral (UT) ligament. The ulnar head is roughly cylindrical in shape, with a distal projection on its posterior border, called the ulnar styloid process. Approximately three fourths of the ulnar head is covered by articular cartilage, with the ulnar styloid process and the posterior one fourth as exposed bone or periosteum. A depression at the base of the ulnar styloid process, called the fovea, is typically not covered in articular cartilage.


Proximal Carpal Row Bones

The proximal row consists of, from radial to ulnar, the scaphoid (navicular), lunate, triquetrum, and pisiform (Figs. 2-3 and 2-4). The scaphoid is shaped somewhat like a kidney bean. The scaphoid anatomy is divided into three regions: the proximal pole, waist, and distal pole. The proximal pole has a convex articular surface that faces the scaphoid fossa and a flat articular surface that faces the lunate. The dorsal surface of the waist is marked by an oblique ridge that serves as an attachment plane for the dorsal joint capsule. The medial surface of the waist and distal surface of the proximal pole is concave and articulates with the capitate. The distal pole also articulates with the capitate medially, but distally it articulates with the trapezium and trapezoid. Otherwise, the distal pole is nearly completely covered with ligament attachments.
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Figure 2-3 Wrist from palmar perspective. Bones: C, Capitate; H, hamate; I, first metacarpal; L, lunate; P, pisiform; R, radius; S, scaphoid; Td, trapezoid; Tm, trapezium; U, ulna; V, fifth metacarpal. Ligaments: LRL, Long radiolunate; PCH, palmar capitohamate; PCT, palmar trapezocapitate; PLT, palmar lunotriquetral; RSC, radioscaphocapitate; SC, scaphocapitate; SRL, short radiolunate; STT, scaphoid-trapezium-trapezoid; TC, triquetrocapitate; TH, triquetrohamate; TT, trapezium-trapezoid; UL, ulnolunate; UT, ulnotriquetral.
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Figure 2-4 Wrist from dorsal perspective. Bones: C, Capitate; H, hamate; I, first metacarpal; R, radius; S, scaphoid; T, triquetrum; Td, trapezoid; Tm, trapezium; U, ulna; V, fifth metacarpal. Ligaments: DCH, Dorsal capitohamate; DCT, dorsal trapezocapitate; DIC, dorsal intercarpal; DRC, dorsal radiocarpal.



The lunate is crescent-shaped in the sagittal plane, such that the proximal surface is convex and the distal surface concave, and it is somewhat wedge-shaped in the transverse plane. With the exception of ligament attachment planes on its dorsal and palmar surfaces, the lunate is otherwise covered with articular cartilage. It articulates with the scaphoid laterally, the radius and triangular fibrocartilage proximally, the triquetrum medially, and the capitate distally. In some individuals, the lunate has a separate fossa for articulation with the hamate, separated from the fossa for capitate articulation by a prominent ridge.

The triquetrum has a complex shape, with a flat articular surface on the palmar surface for articulation with the pisiform; a concave distal articular surface for articulation with the hamate; a flat lateral surface for articulation with the lunate; and three tubercles on the proximal, medial, and dorsal surfaces, respectively. The proximal tubercle is covered in cartilage for contact with the triangular disk, and the medial and dorsal tubercles serve as ligament attachment surfaces.

The pisiform, which means “pea-shaped,” is oval in profile with a flat articular facet covering the distal half of the dorsal surface for articulation with the triquetrum. Otherwise, it is entirely enveloped within the tendon of the FCU and serves as a proximal origin of the flexor digiti minimi muscle.


Distal Carpal Row Bones

The distal carpal row consists of, from radial to ulnar, the trapezium, trapezoid, capitate, and hamate (see Figs. 2-3 and 2-4). The trapezium, historically referred to as the greater multangular, has three articular surfaces. The proximal surface is slightly concave and articulates with the distal pole of the scaphoid. The medial articular surface is flat and articulates with the trapezoid. The distal surface is saddle-shaped and articulates with the base of the first metacarpal. The remaining surfaces are nonarticular and serve as attachment areas for ligaments. The anterolateral edge of the trapezium forms an overhang, referred to as the beak, which is part of the fibro-osseous tunnel for the tendon of flexor carpi radialis (FCR).

The trapezoid, referred to historically as the lesser multangular, is a small bone with articular surfaces on the proximal, lateral, medial, and distal surfaces for articulation with the scaphoid, trapezium, capitate, and base of the second metacarpal, respectively. The palmar and dorsal surfaces serve as ligament insertion areas.

The capitate is the largest carpal bone and is divided into head, neck, and body regions. The head is almost entirely covered in articular cartilage and forms a proximally convex surface for articulation with the scaphoid and lunate. The neck is a narrowed region between the body and the head and is exposed to the midcarpal joint without ligament attachment. The body is nearly cuboid in shape with articular surfaces on its medial, lateral, and distal aspects for articulation with the trapezoid, hamate, and base of the third metacarpal, respectively. The large, flat palmar and dorsal surfaces serve as ligament attachment areas.

The hamate has a complex geometry, with a pole, body, and hamulus (hook). The pole is a conical proximally tapering projection that is nearly entirely covered in articular cartilage for articulation with the triquetrum, capitate, and variably the lunate. The body is relatively cuboid, with medial and distal articulations for the capitate and fourth and fifth metacarpal bases, respectively. The dorsal and palmar surfaces serve as ligament attachment areas, except the most medial aspect of the body, where the hamulus arises. The hamulus forms a palmarly directed projection that curves slightly lateral at the palmar margin. This also serves as a broad area for ligament attachment.


Joint Anatomy

Before a discussion of the anatomy of the wrist can be pursued, it is important that a consensus be reached on term definitions. The terms proximal and distal are universally understood, but some confusion may exist regarding terms defining relationships in other planes. Although the terms medial and lateral are anatomically correct, they require a virtual positioning of the upper extremity in the classic anatomic position to be interpretable. Therefore the terms radial and ulnar have been introduced by clinicians to enable an instant understanding of orientation independent of upper extremity positioning, because the reference to these terms (the orientation of the radius and ulna) does not change significantly relative to the wrist. Likewise, the terms anterior, volar, and palmar all describe the front surface of the wrist, whereas dorsal and posterior describe the back surface of the wrist. Some may object to using the term palmar in reference to the wrist, but they should be reminded that the palmar, glabrous skin covers the anterior surface of the carpus; therefore it seems to have an acceptable use in the wrist.

Composed of eight carpal bones as the wrist proper, the wrist should be functionally considered as having a total of 15 bones. This is because of the proximal articulations with the radius and ulna and the distal articulations with the bases of the first through fifth metacarpals. The geometry of the wrist is complex, demonstrating a transverse arch created by the scaphoid and triquetrum/pisiform column proximally and the trapezium and hamate distally. In addition, the proximal carpal row demonstrates a substantial arch in the frontal plane.

The distal radioulnar joint (DRUJ) is mechanically linked to the wrist and provides two additional degrees of motion to the wrist/forearm joint. The DRUJ is the distal of two components of the forearm joint (with the proximal radioulnar joint, or PRUJ). The motion exhibited through the DRUJ is a combination of translation and rotation, created as a pivot of the radius about the ulna through an obliquely oriented axis of rotation passing between the radial head proximally and the ulnar head distally.

From an anatomic standpoint, the carpal bones are divided into proximal and distal carpal rows, each consisting of four bones. This effectively divides the wrist joint spaces into radiocarpal and midcarpal spaces. Although mechanically linked to the distal radioulnar joint (DRUJ), the wrist is normally biologically separated from the DRUJ joint space by the triangular fibrocartilage complex (TFCC).


Radiocarpal Joint

The radiocarpal joint is formed by the articulation of confluent surfaces of the concave distal articular surface of the radius and the triangular fibrocartilage, with the convex proximal articular surfaces of the proximal carpal row bones.


Midcarpal Joint

The midcarpal joint is formed by the mutually articulating surfaces of the proximal and distal carpal rows. Communications are found between the midcarpal joint and the interosseous joint clefts of the proximal and distal row bones, as well as to the second through fifth carpometacarpal joints. Under normal circumstances, the midcarpal joint is isolated from the pisotriquetral, radiocarpal, and first carpometacarpal joints by intervening membranes and ligaments. The geometry of the midcarpal joint is complex. Radially, the scaphotrapezial trapezoidal (STT) joint is composed of the slightly convex distal pole of the scaphoid articulating with the reciprocally concave proximal surfaces of the trapezium and trapezoid. Forming an analog to a “ball-and-socket joint” are the convex head of the capitate and the combined concave contiguous distal articulating surfaces of the scaphoid and the lunate. In 65% of normal adults, it has been found that the hamate articulates with a medial articular facet at the distal ulnar margin of the lunate, which is associated with a higher rate of cartilage eburnation of the proximal surface of the hamate. The triquetrohamate region of the midcarpal joint is particularly complex, with the mutual articular surfaces having both concave and convex regions forming a helicoid-shaped articulation.


Interosseous Joints: Proximal Row

The interosseous joints of the proximal row are relatively small and planar, allowing motion primarily in the flexion–extension plane between mutually articulating bones. The scapholunate (SL) joint has a smaller surface area than the lunatotriquetral (LT) joint. Often, a fibrocartilaginous meniscus extending from the membranous region of the SL or LT interosseous ligaments is interposed into the respective joint clefts.


Interosseous Joints: Distal Row

The interosseous joints of the distal row are more complex geometrically and allow substantially less interosseous motion than those of the proximal row. The capitohamate joint is relatively planar, but the mutually articulating surfaces are only partially covered by articular cartilage. The distal and palmar region of the joint space is devoid of articular cartilage, being occupied by the deep capitohamate interosseous ligament. Similarly, the central region of the trapeziocapitate joint surface is interrupted by the deep trapeziocapitate interosseous ligament. The trapezium-trapezoid joint presents a small planar surface area with continuous articular surfaces.


Ligament Anatomy


Overview

The ligaments of the wrist have been described in a number of ways, leading to substantial confusion in the literature regarding various features of the carpal ligaments. Several general principles have been identified to help simplify the ligamentous architecture of the wrist. No ligaments of the wrist are truly extracapsular. Most can be anatomically classified as capsular ligaments with collagen fascicles clearly within the lamina of the joint capsule. The ligaments that are not entirely capsular, such as the interosseous ligaments between the bones within the carpal row, are intra-articular. This implies that they are not ensheathed in part by a fibrous capsular lamina. The wrist ligaments carry consistent histologic features, which are, to a degree, ligament-specific. The majority of capsular ligaments are made up of longitudinally oriented laminated collagen fascicles surrounded by loosely organized perifascicular tissue, which are in turn surrounded by the epiligamentous sheath. This sheath is generally composed of the fibrous and synovial capsular lamina. The perifascicular tissue has numerous blood vessels and nerves aligned longitudinally with the collagen fascicles. The function of these nerves is currently not well understood. It has been hypothesized that these nerves are an integral part of a proprioceptive network, following the principals of Hilton’s law of segmental innervation. The palmar capsular ligaments are more numerous than the dorsal, forming almost the entire palmar joint capsules of the radiocarpal and midcarpal joints. The palmar ligaments tend to converge toward the midline as they travel distally and have been described as forming an apex-distal V. The interosseous ligaments between the individual bones within a carpal row are generally short and transversely oriented and, with specific exceptions, cover the dorsal and palmar joint margins. Specific ligament groups are briefly described in the following sections and are divided into capsular and interosseous groups.


Distal Radioulnar Ligaments

Although a description of the DRUJ is beyond the scope of this chapter, a brief description of the anatomy of the palmar and dorsal radioulnar ligaments is required to understand the origin of the ulnocarpal ligaments. The dorsal and palmar DRUJ ligaments are believed to be major stabilizers of the DRUJ. These ligaments are found deep (proximal) in the TFCC and form the dorsal and palmar margins of the TFCC in the region between the sigmoid notch of the radius and the styloid process of the ulna (see Fig. 2-2). Attaching radially at the dorsal and palmar corners of the sigmoid notch, the ligaments converge ulnarly and attach near the base of the styloid process, in the region called the fovea. The palmar ligament has substantial connections to the carpus through the ulnolunate (UL), UT, and ulnocapitate (UC) ligaments. The dorsal ligament integrates with the sheath of extensor carpi ulnaris (ECU). The concavity of the TFCC is deepened by more superficial fibers of the distal radioulnar ligament complex, which attaches to the styloid process.


Palmar Radiocarpal Ligaments

The palmar radiocarpal ligaments arise from the palmar margin of the distal radius and course distally and ulnarly toward the scaphoid, lunate, and capitate (Figs. 2-3 and 2-5). Although the course of the fibers can be defined from an anterior view, the separate divisions of the palmar radiocarpal ligament are best appreciated from a dorsal view through the radiocarpal joint (see Fig. 2-5). The palmar radiocarpal ligament can be divided into four distinct regions. Beginning radially, the radioscaphocapitate (RSC) ligament originates from the radial styloid process, forms the radial wall of the radiocarpal joint, attaches to the scaphoid waist and distal pole, and passes palmar to the head of the capitate to interdigitate with fibers from the UC ligament. Very few fibers from the RSC ligament attach to the capitate. Just ulnar to the RSC ligament, the long radiolunate (LRL) ligament arises to pass palmar to the proximal pole of the scaphoid and the SL interosseous ligament to attach to the radial margin of the palmar horn of the lunate. The interligamentous sulcus separates the RSC and LRL ligaments throughout their courses. The LRL ligament has been called the radiolunatotriquetral ligament historically, but the paucity of fibers continuing toward the triquetrum across the palmar horn of the lunate renders this name misleading. Ulnar to the origin of the LRL ligament, the radioscapholunate (RSL) “ligament” emerges into the radiocarpal joint space through the palmar capsule and merges with the SL interosseous ligament and the interfossal ridge of the distal radius. This structure resembles more of a “mesocapsule” than a true ligament, because it is made up of small-caliber blood vessels and nerves from the radial artery and anterior interosseous neurovascular bundle. Very little organized collagen is identified within this structure. The mechanical stabilizing effects of this structure have recently been shown to be minimal. The final palmar radiocarpal ligament, the short radiolunate (SRL) ligament, arises as a flat sheet of fibers from the palmar rim of the lunate fossa, just ulnar to the RSL ligament. It courses immediately distally to attach to the proximal and palmar margin of the lunate.
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Figure 2-5 Radiocarpal joint from distal perspective after palmar-flexing the proximal carpal row. IR, Interfossal ridge; L, lunate; LF, lunate fossa of distal radius; LRL, long radiolunate ligament; RSC, radioscaphocapitate ligament; RSL, radioscapholunate ligament; S, scaphoid; SF, scaphoid fossa of distal radius; SLI, scapholunate interosseous; SRL, short radiolunate ligament; TFCC, triangular fibrocartilage complex; UL, ulnolunate ligament.




Dorsal Radiocarpal Ligament

The dorsal radiocarpal (DRC) ligament arises from the dorsal rim of the radius, essentially equally distributed on either side of Lister’s tubercle (see Fig. 2-4). It courses obliquely distally and ulnarly toward the triquetrum, to which it attaches on the dorsal cortex. There are some deep attachments of the DRC ligament to the dorsal horn of the lunate. Loose connective and synovial tissue forms the capsular margins proximal and distal to the DRC ligament.


Ulnocarpal Ligaments

The ulnocarpal ligament arises largely from the palmar margin of the TFCC, the palmar radioulnar ligament, and in a limited fashion, the head of the ulna. It courses obliquely distally toward the lunate, triquetrum, and capitate (Fig. 2-6). The ulnocarpal ligament has three divisions, designated by their distal bony insertions. The UL ligament is essentially continuous with the SRL ligament, forming a continuous palmar capsule between the TFCC and the lunate. Confluent with these fibers is the UT ligament, connecting the TFCC and the palmar rim of the triquetrum. In 60% to 70% of normal adults, a small orifice is found in the distal substance of the UT ligament, which leads to a communication between the radiocarpal and pisotriquetral joints. Just proximal and ulnar to the pisotriquetral orifice is the prestyloid recess, which is generally lined by synovial villi and variably communicates with the underlying ulnar styloid process. The UC ligament arises from the foveal and palmar region of the head of the ulna, where it courses distally, palmar to the UL and UT ligaments, and passes palmar to the head of the capitate, where it interdigitates with fibers from the RSC ligament to form an arcuate ligament to the head of the capitate. Few fibers from the UC ligament insert to the capitate.
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Figure 2-6 Ulnocarpal and distal radioulnar joint complex from palmar perspective. Bones: L, Lunate; P, pisiform; R, radius; T, triquetrum; U, ulna. Ligaments: LT, Palmar lunotriquetral; PRU, palmar radioulnar; TC, triquetrocapitate; TH, triquetrohamate; UC, ulnocapitate; UL, ulnolunate; UT, ulnotriquetral. IOM, interosseous membrane.




Midcarpal Ligaments

The midcarpal ligaments on the palmar surface of the carpus are true capsular ligaments, and as a rule, they are short and stout, connecting bones across a single joint space (see Figs. 2-3 and 2-6). Beginning radially, the STT ligament forms the palmar capsule of the STT joint, connecting the distal pole of the scaphoid with the palmar surfaces of the trapezium and trapezoid. Although no clear divisions are noted, it forms an apex-proximal V shape. The scaphocapitate (SC) ligament is a thick ligament interposed between the STT and RSC ligaments, coursing from the palmar surface of the waist of the scaphoid to the palmar surface of the body of the capitate. There are no formal connections between the lunate and capitate, although the arcuate ligament (formed by the RSC and UC ligaments) has weak attachments to the palmar horn of the lunate. The thick triquetrocapitate (TC) ligament, which is analogous to the SC ligament, passes from the palmar and distal margin of the triquetrum to the palmar surface of the body of the capitate. Immediately adjacent to the TC ligament, the triquetrohamate (TH) ligament forms the ulnar wall of the midcarpal joint and is augmented ulnarly by fibers from the TFCC. The dorsal intercarpal (DIC) ligament, originating from the dorsal cortex of the triquetrum, crosses the midcarpal joint obliquely to attach to the scaphoid, trapezoid, and capitate (see Fig. 2-4). The attachment of the DIC ligament to the triquetrum is confluent with the triquetral attachment of the DRC ligament. In addition, a proximal thickened region of the joint capsule, roughly parallel to the DRC ligament, extends from the waist of the scaphoid across the distal margin of the dorsal horn of the lunate to the triquetrum. This band, called the dorsal scaphotriquetral ligament, forms a “labrum,” which encases the head of the capitate, analogous to the RSC and UC ligaments palmarly.


Proximal Row Interosseous Ligaments

The SL and LT interosseous ligaments form the interconnections between the bones of the proximal carpal row and share several anatomic features. Each forms a barrier between the radiocarpal and midcarpal joints, connecting the dorsal, proximal, and palmar edges of the respective joint surfaces (see Fig. 2-5). This leaves the distal edges of the joints without ligamentous coverage. The dorsal and palmar regions of the SL and LT interosseous ligaments are typical of articular ligaments, composed of collagen fascicles with numerous blood vessels and nerves. However, the proximal regions are made up of fibrocartilage, devoid of vascularization and innervation and without identifiable collagen fascicles. The RSL ligament merges with the SL interosseous ligament near the junction of the palmar and proximal regions. The UC ligament passes directly palmar to the LT interosseous ligament with minimal interdigitation of fibers.


Distal Row Interosseous Ligaments

The bones of the distal carpal row are rigidly connected by a complex system of interosseous ligaments (see Figs. 2-3 and 2-4). As is discussed later, these ligaments are largely responsible for transforming the four distal row bones into a single kinematic unit. The trapezium-trapezoid, trapeziocapitate, and capitohamate joints are each bridged by palmar and dorsal interosseous ligaments. These ligaments consist of transversely oriented collagen fascicles and are covered superficially by the fibrous capsular lamina, also consisting of transversely oriented fibers. This lamina gives the appearance of a continuous sheet of fibers spanning the entire palmar and dorsal surface of the distal row. Unique to the trapeziocapitate and capitohamate joints are the “deep” interosseous ligaments (Fig. 2-7). These ligaments are entirely intra-articular, spanning the respective joint spaces between voids in the articular surfaces. Both are true ligaments with dense, colinear collagen fascicles, but they are also heavily invested with nerve fibers. The deep trapeziocapitate interosseous ligament is located midway between the palmar and dorsal limits of the joint, obliquely oriented from palmar-ulnar to dorsal-radial, and each measures approximately 3 mm in diameter. The respective attachment sites of the trapezoid and capitate are angulated in the transverse plane to accommodate the orthogonal insertion of the ligament. The deep capitohamate interosseous ligament is found transversely oriented at the palmar and distal corner of the joint. It traverses the joint from quadrangular voids in the articular surfaces and measures approximately 5 × 5 mm in cross-sectional area.
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Figure 2-7 Transverse section of the distal carpal row from distal and radial perspective. C, Capitate; CH, dorsal capitohamate ligament; CT, dorsal trapezocapitate ligament; DCH, deep capitohamate ligament; DCT, deep trapezocapitate ligament; H, hamate; T, trapezoid; TT, dorsal trapezium-trapezoid ligament.




Tendons

The tendons that cross the wrist can be divided into two major groups: those that are responsible primarily for moving the wrist and those that cross the wrist in their path to the digits. Both groups impart some moment to the wrist, but obviously those that are primary wrist motors have a more substantial influence on motion of the wrist. The five primary wrist motors can be grouped as either radial or ulnar deviators and as either flexors or extensors.

The extensor carpi radialis longus (ECRL) and extensor carpi radialis brevis (ECRB) muscles are bipennate and originate from the lateral epicondyle of the humerus from a common tendon. Over the distal radius epiphysis, they are found in the second extensor compartment, from which they emerge to insert into the radial cortices of the bases of the second and third metacarpals, respectively. The ECRL imparts a greater moment for radial deviation than the ECRB, whereas the opposite relationship is found for wrist extension. Both the ECRL and the ECRB muscles are innervated by the radial nerve.

The ECU muscle is bipennate and originates largely from the proximal ulna and passes through the sixth extensor compartment. Within the sixth extensor compartment, the ECU tendon is contained within a fibro-osseous tunnel between the ulnar head and the ulnar styloid process. Distal to the extensor retinaculum, the ECU tendon inserts into the ulnar aspect of the base of the fifth metacarpal. The ECU muscle is innervated by the radial nerve.

The FCR muscle is bipennate and originates from the proximal radius and the interosseous membrane. The tendon of FCR enters a fibro-osseous tunnel formed by the distal pole of the scaphoid and the beak of the trapezium; it then angles dorsally to insert into the base of the second metacarpal. This fibro-osseous tunnel is separate from the carpal tunnel. The FCR muscle is innervated by the median nerve.

The FCU muscle is unipennate and originates from the medial epicondyle of the humerus and the proximal ulna. It is not constrained by a fibro-osseous tunnel, in distinction to the other primary wrist motors. It inserts into the pisiform and ultimately continues as the pisohamate ligament. The FCU muscle is innervated by the ulnar nerve.


Vascular Anatomy


Extraosseous Blood Supply

The carpus receives its blood supply through branches from three dorsal and three palmar arches supplied by the radial, ulnar, anterior interosseous, and posterior interosseous arteries (Fig. 2-8). The three dorsal arches are named (proximal to distal) the radiocarpal, intercarpal, and basal metacarpal transverse arches. Anastomoses are often found between the arches, the radial and ulnar arteries, and the interosseous artery system. The palmar arches are named (proximal to distal) the radiocarpal, intercarpal, and deep palmar arches.
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Figure 2-8 Palmar extraosseous blood supply of the wrist. 1, Anterior interosseous artery; 2-4, transverse anastomotic arches; 5, deep branch of radial artery; 6-9, longitudinal anastomotic network. R, Radial artery; U, ulnar artery.




Intraosseous Blood Supply

All carpal bones, with the exception of the pisiform, receive their blood supply through dorsal and palmar entry sites and usually from more than one nutrient artery. Generally, a number of small-caliber penetrating vessels are found in addition to the major nutrient vessels. Intraosseous anastomoses can be found in three basic patterns. First, a direct anastomosis can occur between two large-diameter vessels within the bone. Second, anastomotic arcades may form with similar-sized vessels, often entering the bone from different areas. A final pattern, although rare, has been identified in which a diffuse arterial network virtually fills the bone.

Although the intraosseous vascular patterns of each carpal bone have been defined in detail, studies of the lunate, capitate, and scaphoid are particularly germane because of their predilection to the development of clinically important vascular problems. The lunate has only two surfaces available for vascular penetration: the dorsal and palmar. From the dorsal and palmar vascular plexuses, two to four penetrating vessels enter the lunate through each surface. Three consistent patterns of intraosseous vascularization have been identified, based on the pattern of anastomosis. When viewed in the sagittal plane, the anastomoses form a Y, X, or an I pattern with arborization of small-caliber vessels stemming from the main branches. The proximal subchondral bone is consistently the least vascularized. The capitate is supplied by both the palmar and dorsal vascular plexuses; however, the palmar supply is more consistent and originates from larger caliber vessels. Just distal to the neck of the capitate, vessels largely from the ulnar artery penetrate the palmar-ulnar cortex, whereas dorsal penetration occurs just distal to the midwaist level. The intraosseous vascularization pattern consists of proximally directed retrograde flow, with minimal anastomoses between dorsal and palmar vessels. When present, the dorsal vessels principally supply the head of the capitate, whereas the palmar vessels supply both the body and the head of the capitate. The scaphoid typically receives its blood supply through three vessels originating from the radial artery: lateral-palmar, dorsal, and distal arterial branches. The lateral-palmar vessel is believed to be the principal blood supply of the scaphoid. All vessels penetrate the cortex of the scaphoid distal to the waist of the scaphoid, coursing in a retrograde fashion to supply the proximal pole. Although there have been reports of minor vascular penetrations directly into the proximal pole from the posterior interosseous artery, substantial risk for avascular necrosis of the proximal pole remains with displaced fractures through the waist of the scaphoid. Overall, it is thought that the remaining carpal bones generally have multiple nutrient vessels penetrating their cortices from more than one side, hence substantially reducing their risk of avascular necrosis.


Kinematics


Overview

Within 1 year after the announcement of the discovery of x-rays in 1895, Bryce published a report of a roentgenographic investigation of the motions of the carpal bones. This marked a turning point for basic mechanical investigations of the wrist. The number of published biomechanical investigations of the wrist have increased almost exponentially over the past three decades. As such, a review of all mechanical analyses of the wrist is well beyond the scope of this chapter. Rather, an overview of basic biomechanical considerations of the wrist is presented in the following categories: kinematics, kinetics, and material properties.

The global range of motion (ROM) of the wrist, measured clinically, is based on angular displacement of the hand about the “cardinal” axes of motion: palmar flexion/dorsiflexion and radioulnar deviation. The conicoid motion generated by combining displacement involving all four directions of motion is called circumduction. A functional axis of motion has also been described as the dart-thrower’s axis, which moves the wrist–hand unit from an extreme of dorsiflexion/radial deviation to an extreme of palmar flexion/ulnar deviation. The magnitude of angular displacement in any direction varies greatly between individuals, but in “normal” individuals, it generally falls within the ranges of palmar flexion (65–80 degrees), dorsiflexion (65–80 degrees), radial deviation (10–20 degrees), ulnar deviation (20–35 degrees), forearm pronation (80 degrees), and forearm supination (80 degrees).

Several attempts to define the “functional” ranges of wrist motion required for various tasks of daily living, as well as vocational and recreational activities, have been performed using axially aligned electrogoniometers fixed to the hand and forearm segments of volunteers. Although some variability between results was found, the vast majority of tested tasks could be accomplished with 40 degrees of dorsiflexion, 40 degrees of palmar flexion, and 40 degrees of combined radial and ulnar deviation. The concept of a “center of rotation” of the wrist has been tested by a number of techniques and widely debated. It is generally agreed, however, that an approximation of an axis of flexion–extension motion of the hand unit on the forearm passes transversely through the head of the capitate, as does a separate orthogonal axis for radioulnar deviation. It must be remembered that the global motion of the wrist is a summation of the motions of the individual carpal bones through the intercarpal joints as well as the radiocarpal and midcarpal joints. Thus, although easier to understand, the concept of a center of rotation of the wrist is at best an approximation and of limited basic and clinical usefulness.


Individual Carpal Bone Motion

The bones within each row display kinematic behaviors that are more similar than those observed between the two rows. Because the kinematic behaviors of the carpal bones are measurably different between palmar flexion/dorsiflexion and radioulnar deviation, these two arcs of motion are considered separately (Figs. 2-9 and 2-10). More recently, attention has been drawn to the importance of the “dart thrower’s” axis of motion. This is a combination of the cardinal motions defined later on, in which the wrist passes from radial deviation and extension through flexion and ulnar deviation. This represents a more physiologic motion pattern than pure flexion–extension and radial–ulnar deviation. It is being analyzed extensively in the laboratory for possible implications in injury patterns and rehabilitation advantages.
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Figure 2-9 Schematic of carpal bone motion during wrist palmar-flexion (A) and dorsiflexion (B). Note that all three bones essentially move in the same plane synchronously. C, Capitate; R, radius; S, scaphoid (lunate shown as shaded bone).
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Figure 2-10 Schematic of carpal bone motion during wrist radial deviation (A) and ulnar deviation (B). Note that the scaphoid and lunate primarily palmar-flex during radial deviation and dorsiflex during ulnar deviation. This behavior is called conjunct rotation. C, Capitate; R, radius; S, scaphoid (lunate shown as shaded bone).




Palmar Flexion/Dorsiflexion

The metacarpals are pulled through the range of palmar flexion and dorsiflexion by the action of the extrinsic wrist motors attaching to their bases. The hand unit, made up of the metacarpals and phalanges, is securely associated with the distal carpal row through the articular interlocking and strong ligamentous connections of the second through fifth carpometacarpal joints. The trapezoid, capitate, and hamate undergo displacement with their respective metacarpals with no significant deviation of direction or magnitude of motion (see Fig. 2-9). Because of the strong interosseous ligaments, the trapezium generally tracks with the trapezoid but remains under the influence of the mobile first metacarpal. The major direction of motion for this entire complex is palmar flexion and dorsiflexion, with little deviation in radioulnar deviation and pronation–supination.

In general, the proximal row bones follow the direction of motion of the distal row bones during palmar flexion/dorsiflexion of the wrist (see Fig. 2-9). However, the scaphoid, lunate, and triquetrum are not as tightly secured to the hand unit as are the distal row bones by virtue of the midcarpal joint. In addition, the interosseous ligaments between the proximal row bones allow for substantial intercarpal motion. Thus measurable differences occur between the motions of the proximal and distal row bones, as well as between the individual bones of the proximal carpal row. This is most pronounced between the scaphoid and lunate. From the extreme of palmar flexion to the extreme of dorsiflexion, the scaphoid undergoes substantially more angular displacement than the lunate, primarily in the plane of hand motion. Measurable “out-of-plane” motions occur between the scaphoid and lunate as well because the scaphoid progressively supinates relative to the lunate as the wrist dorsiflexes. The effect of the differential direction and magnitude of displacement between the scaphoid and lunate is to create a relative separation between the palmar surfaces of the two bones as dorsiflexion is reached and a coaptation of the two surfaces as palmar flexion is reached. The extremes of displacement are checked by the “twisting” of the fibers of the interosseous ligaments. Once this limit is reached, the scaphoid and lunate move as a unit through the radiocarpal and midcarpal joints. Similar, although of lesser magnitude, behaviors occur through the LT joint. In all, the lunate experiences the least magnitude of rotation of all carpal bones during palmar flexion and dorsiflexion. The radiocarpal and midcarpal joints contribute nearly equally to the range of dorsiflexion and palmar flexion of the wrist when measured through the capitolunate–radiolunate joint column. In contrast, when measured through the radioscaphoid–STT joint column, more than two thirds of the ROM occurs through the radioscaphoid joint.


Radioulnar Deviation

As with palmar flexion and dorsiflexion, the bones of the distal row move essentially as a unit with themselves as well as with the second through fifth metacarpals during radial and ulnar deviation of the wrist (see Fig. 2-10). However, the proximal row bones display a remarkably different kinematic behavior. As a unit, the proximal carpal row displays a “reciprocating” motion with the distal row, such that the principal motion during wrist radial deviation is palmar flexion (see Fig. 2-10). Conversely, during wrist ulnar deviation, the proximal carpal row dorsiflexes. In addition to the palmar flexion/dorsiflexion activity of the proximal carpal row, a less pronounced motion occurs, resulting in ulnar displacement during wrist radial deviation and radial displacement during wrist ulnar deviation. Additional longitudinal axial displacements occur between the proximal carpal row bones, as they do during palmar flexion and dorsiflexion. Although of substantially lower magnitude than the principal directions of rotation, these longitudinal axial displacements contribute to a relative separation between the palmar surfaces of the scaphoid and lunate in wrist ulnar deviation and a relative coaptation during wrist radial deviation, limited by the tautness of the SL interosseous ligament. Once maximum tension is achieved, the two bones displace as a single unit. As with palmar flexion and dorsiflexion, the lunate experiences the least magnitude of rotation of all carpal bones during radial and ulnar deviation. The magnitude of rotation through the midcarpal joint is approximately 1.5 times greater than the radiocarpal joint during radial and ulnar deviation.


Kinetics


Force Analysis

Force analyses of the wrist have been attempted using a variety of methods, including the analytical methods of free-body diagrams and rigid-body spring models and experimental methods using force transducers, pressure-sensitive film, pressure transducers, and strain gauges. Because of the intrinsic geometric complexity of the wrist, the large number of carpal elements, the number of tissue interfaces that loads are applied to, and the large number of positions that the wrist can assume, these analyses have been difficult and are riddled with assumptions. Thus relative changes and trends in forces brought about by the introduction of experimental variables are generally more useful than absolute values.


Normal Joint Forces

Experimental and analytical studies of force transmission across the wrist in the neutral position are in general agreement that approximately 80% of the force is transmitted across the radiocarpal joint and 20% across the ulnocarpal joint space (Fig. 2-11). This can be further compartmentalized into forces across the UL articulation (14%) and the UT articulation (8%). In the neutral position, one study reported that 78% of the longitudinal force across the wrist is transmitted through the radiocarpal articulation, with 46% transmitted by the radioscaphoid fossa and 32% by the lunate fossa. Forces across the midcarpal joint in a neutrally positioned joint have been estimated to be 31% through the STT joint, 19% through the SC joint, 29% through the lunatocapitate joint, and 21% transmitted through the triquetrohamate joint. In general, it has been shown that forearm pronation increases ulnocarpal force transmission (up to 37% of total forces transmitted), with a corresponding decrease in radiocarpal force transmission. This has been theoretically linked to the relative distal prominence of the ulna that occurs in forearm pronation. The ulnocarpal force transmission increases to 28% of the total in ulnar deviation of the wrist, whereas radiocarpal forces increase to 87% of the total in radial deviation. Wrist palmar flexion and dorsiflexion have only a modest effect on the relative forces transmitted through the radiocarpal and ulnocarpal joints.
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Figure 2-11 Schematic of the wrist showing the approximate load percentages transmitted across the midcarpal joint and the percentages transmitted across the radiocarpal joint.




Normal Joint Contact Area and Pressure

With use of pressure-sensitive film placed in the radiocarpal joint space, three distinct areas of contact through the radiocarpal joint have been identified: radioscaphoid, radiolunate, and UL. Overall, it has been determined that the actual area of contact of the scaphoid and lunate against the distal radius and TFCC are quite limited, regardless of joint position, averaging 20% of the entire available articular surface. The scaphoid contact area was greater than that of the lunate by an average factor of 1.5. The centroids of the contact areas shift with varying positions of the wrist, as do the areas of contact. For example, palmar flexion of the scaphoid results in a dorsal and radial shift of the radioscaphoid contact centroid and a progressive diminution of contact area. With externally applied loads, the peak articular pressures are low, ranging from 1.4 to 31.4 N/mm.2 The midcarpal joint has been difficult to evaluate using pressure-sensitive film because of its complex shape. It has been estimated that less than 40% of the available articular surface of the midcarpal joint is in actual contact at any one time. The relative contribution to the total contact of the STT, SC, lunatocapitate, and triquetrohamate joints have been estimated to be 23%, 28%, 29%, and 20%, respectively. Thus it may be surmised that more than 50% of the midcarpal load is transmitted through the capitate across the scaphocapitate and lunatocapitate joints.


Summary

The wrist is a complex joint and truly a mechanical marvel. A thorough understanding of the anatomy and kinesiology of the wrist is required by all involved in any aspect of diagnosis, treatment, and rehabilitation of wrist disorders. This understanding provides the insight and foundation needed in the approach to conservative, operative, or rehabilitation management.
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CRITICAL POINTS

▪ A functional and stable elbow allows for the complex motions of flexion and extension and pronation–supination necessary for daily life.

▪ The functional range of motion of the elbow joint has been determined to be 30 to 130 degrees in the flexion extension arc and 50 degrees each of pronation and supination.

▪ The elbow joint is a trochleoginglymoid joint that has complex motion in flexion–extension and axial rotation difficult to reapproximate with implants or external fixators.

▪ Stability of the elbow is conferred by bony congruity, ligamentous structures, and dynamic action of muscular forces.

▪ A posterior utilitarian approach to the elbow is useful for addressing many conditions. Variations exist to deal with specific problems.

▪ An understanding and appreciation of the complex anatomy of the elbow joint, including the soft tissues and neurovascular structures, is essential to understand and treat pathology about this joint.



The elbow joint functions as a link between the arm and forearm to position the hand in space and allow activities of prehension; it transmits forces and it allows the forearm to act as a lever in lifting and carrying. A functional and stable elbow allows for the complex motions of flexion and extension and pronation–supination necessary for daily life.1 Stability of the elbow is conferred by bony congruity, ligamentous restraints, and dynamic stabilization by muscular forces. Biomechanical aspects of the elbow are considered in the context of motion, function, and stability. An understanding of the anatomic features contributing to these roles is critical and is outlined in this chapter.


Biomechanics

It has been determined that although the normal arc of motion of the elbow is 0 to 150 or 160 degrees in the flexion extension arc and 75 to 85 degrees each of pronation and supination, a functional range of motion in which most activities of daily living can be accomplished is 30 to 130 degrees in flexion extension and 50 degrees each of pronation and supination.2 When the elbow is affected by pathologic conditions, the ability to place the hand in space is diminished.

In full extension, 60% of axial loads are transmitted across the radiocapitellar joint while 40% of loads are transmitted across the ulnohumeral joint3 (Fig. 3-1, online). With elbow flexion, the relationship is altered such that loads are equally shared between the ulnohumeral and radiocapitellar articulations.4
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Figure 3-1 It has been estimated that approximately 60% of the axial load is transmitted across the radiohumeral joint when the elbow is in full extension. (Morrey BF, An KN. Stability of the elbow: Osseous constraints. J Shoulder Elbow Surg 2005;14:174S–178S. Used with permission from Elsevier.)

In the flexion–extension arc the elbow does not follow motion of a simple hinge joint; the obliquity of the trochlear groove and ulnar articulation results in a helical pattern of motion1,5 (Fig. 3-2). The varus–valgus laxity over the arc of flexion–extension measures 3 to 4 degrees. The center of rotation in the sagittal plane lies anterior to the midline of the humerus and is colinear with the anterior cortex of the distal humerus. The axis of rotation runs through the center of the articular surface on both the anteroposterior and lateral planes (Fig. 3-3, online). Forearm rotation occurs through an axis oblique to both the longitudinal axis of the radius and the ulna, through an imaginary line between the radial head at the proximal radioulnar joint and the ulnar head at the distal radioulnar joint.1 As described in the analogy by Kapandji, the distal and proximal radioulnar joints function as the hinges of a door. Disruption of either hinge results in loss of complete motion in pronation or supination.1,6
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Figure 3-2 The olecranon moves on the articular surface of the trochlea like a screw tapping on it. (Celli A. Chapter 1: Anatomy and biomechanics of the elbow. In: Celli A, Celli L, Morrey BF, eds. Treatment of Elbow Lesions: New Aspects in Diagnosis and Surgical Techniques. Milan, Springer-Verlag Italia, 2008, pp. 1–11. Used with permission from Springer-Verlag.)
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Figure 3-3 Very small locus of instant center of rotation for the elbow joint demonstrates that the axis may be replicated by a single line drawn from inferior aspect of the medial epicondyle through the center of the lateral epicondyle, which is in the center of the lateral projected curvature of the trochlea and capitellum. (Morrey BF, Chao EY. Passive motion of the elbow joint. J Bone Joint Surg Am 1976;58:501–508. Used with permission from Elsevier [Churchill Livingstone].)


Anatomy


Osteology

Palpable bony landmarks about the elbow include the medial and lateral epicondyles, the radial head, and the olecranon7 (Figs. 3-4 and 3-5).
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Figure 3-4 Anterior elbow osseous anatomy.
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Figure 3-5 Posterior elbow osseous anatomy.



The prominent medial and lateral epicondyles serve as the attachment point for the medial collateral ligament (MCL), the flexor pronator group and lateral collateral ligament complex (LCL), and the common extensor tendon origin. The distal humerus articulates with the proximal ulna via the trochlea, a spool-shaped surface. The center of the medullary canal is offset laterally to the center of the trochlea. The olecranon, together with the coronoid process, forms the semilunar or greater sigmoid notch of the ulna (Fig. 3-6). This articulates with the trochlea of the humerus and confers stability and facilitates motion in the anteroposterior plane.7 The lateral ridge of the trochlea is less prominent than the medial side, resulting in a 6- to 8-degree valgus orientation and creating the valgus carrying angle of the arm.8 Laterally, the capitellum articulates with the proximal radius. The radius also articulates with the lesser sigmoid notch of the ulna. Together, the hinge motion at the trochlea–proximal ulnar articulation and the rotational motion at the radiocapitellar joint provide the complex motion at the elbow in flexion–extension and forearm rotation.
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Figure 3-6 A, B, The proximal ulna and radius aspects with the bone landmarks (CT 3D reconstruction). (Celli A. Chapter 1: Anatomy and biomechanics of the elbow. In: Celli A, Celli L, Morrey BF, eds. Treatment of Elbow Lesions: New Aspects in Diagnosis and Surgical Techniques. Milan, Springer-Verlag Italia, 2008, pp. 1–11. Used with permission from Springer-Verlag.)



Anatomically, a transverse “bare area” devoid of cartilage is found at the midpoint between the coronoid and the tip of the olecranon. The unwary surgeon may inadvertently discard structurally significant portions of the olecranon if this is not considered when reconstructing a fracture.9 The anterior portion of the sigmoid notch is represented by the coronoid, which has increasingly been recognized as an important contributor to stability of the elbow (Fig. 3-7, online). Posteriorly, the olecranon tip is the attachment site of the triceps. McKeever and Buck determined in the laboratory that one may excise up to 80% of the olecranon without sacrificing stability if the coronoid and anterior soft tissues are intact.10,11 In addition, An and colleagues12 noted increasing instability of the elbow with olecranon excision in a linear fashion, with laboratory data suggesting that loss of up to 50% of the olecranon may be associated with no instability. If anterior damage is present, instability results if too much proximal ulna is excised. Significant coronoid loss, such as occurs with untreated coronoid fractures, will lead to instability.13,14 The clinical importance is that severely comminuted olecranon fractures in the absence of anterior injury may be treated with partial excision, particularly in elderly or low-demand patients. However, if significant anterior damage is present, reconstruction is essential9 (Fig. 3-8).
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Figure 3-7 3-D CT scan view of an anteromedial coronoid fracture. Arrow demonstrates fracture fragment. (Steinmann SP. Coronoid fractures. In: Tumble TE BJ, ed. Wrist and Elbow Reconstruction & Arthroscopy: A Master Skills Publication. Rosemont: American Society for Surgery of the Hand, 2008. Used with permission from American Society for Surgery of the Hand.)
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Figure 3-8 A, This 69-year-old man with poorly controlled type I diabetes fell sustaining this type IIA olecranon fracture. B, He was subsequently treated to excise fracture fragments, and the triceps was sutured down to the remaining distal fragment. C, At 4 years’ follow-up, the patient had no complaints, no instability, and range of motion was pronation–supination 80–80, full flexion and a 25-degree extension lag. Radiographs were satisfactory. (Adams JE, Steinmann SP. Fractures of the olecranon. In: Celli A, Celli L, Morrey BF, eds. Treatment of Elbow Lesions: New Aspects in Diagnosis and Surgical Techniques. Milan: Springer-Verlag Italia, 2008, pp. 71–81. Used with permission from Springer-Verlag.)



The articular surface of the radial head is oriented at a 15-degree angle to the neck away from the radial tuberosity7 (Fig. 3-9). The radial head has been called a secondary stabilizer of the elbow. In the setting of a ligamentously intact elbow, fracture or removal of the radial head renders the joint unstable. However, in the setting of MCL deficiency, the radial head becomes crucial to stability against valgus forces15 (Fig. 3-10, online). The portion of the radial head that articulates with the capitellum is an eccentric dish-shaped structure with a variable offset from the neck,16 both of which factors have implications for fracture fixation or prosthetic replacement. Likewise, the portion of the radial head that articulates with the proximal ulna has clinically important features. The cartilage of the radial head encompasses an arc of about 280 degrees about the rim of the radius.


[image: images]

Figure 3-9 Proximal radius has a 15-degree angulation away from the radial tuberosity. (Morrey BF. Anatomy and surgical approaches. In: Morrey BF, ed. Reconstructive Surgery of the Joints, Vol. 1, 2nd ed. New York: Churchill Livingstone, 1996, pp. 461–487. Used with permission from Elsevier [Churchill Livingstone].)
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Figure 3-10 A, Removing the radial head (RH) and placing the elbow in valgus when the medial collateral ligament (MCL) is intact results in relatively little displacement of the forearm. When the MCL is then removed, marked instability is demonstrated. B, When the sequence is altered and the MCL is released, however, some valgus instability is noted. After this, removal of the RH results in subluxation of the elbow. This defines the RH as an important secondary stabilizer of the elbow to resist valgus stress. (Morrey BF, An KN. Stability of the elbow: Osseous constraints. J Shoulder Elbow Surg 2005;14:174S–178S. Used with permission from Elsevier.)




Ligamentous Anatomy

Ligamentous structures that contribute to the stability of the elbow joint include the collateral ligaments and the capsule both anteriorly and posteriorly.17 Dynamic stability is conferred by the actions of the muscles crossing the joint.

Medially, the medial collateral ligament consists of the anterior oblique ligament (AOL), the posterior oblique ligament (POL), and the transverse ligament7,17 (Fig. 3-11). The AOL of the MCL is the most important stabilizer to valgus stresses and should be preserved or reconstructed.15,17-20 The AOL has two bands: an anterior band that is tight from 0 to 60 degrees and a posterior band that is tight from 60 to 120 degrees.19 The AOL and POL arise from the central portion of the anterior inferior medial epicondyle21 and insert near the sublime tubercle (AOL) and in a fan-shaped insertion along the semilunar notch (POL).22 The transverse segment of the MCL appears to have little functional significance.23
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Figure 3-11 Medial aspect of the joint. The anterior and posterior bundles of the medial collateral ligament are consistently present and identifiable. (Morrey BF. Anatomy and surgical approaches. In Morrey BF, ed. Reconstructive Surgery of the Joints, Vol. 1, 2nd ed. New York: Churchill Livingstone, 1996, pp. 461–487. With permission from Elsevier [Churchill Livingstone].)



The lateral ligament complex includes the radial collateral ligament, the lateral ulnar collateral ligament (LUCL), the annular ligament, and the accessory LCL (Fig. 3-12). The LUCL serves as the major lateral ligamentous stabilizer. It arises from the inferior aspect of the lateral epicondyle and inserts on the supinator crest. It has near isometry during the flexion extension arc.7 The radial collateral ligament also arises from the lateral epicondyle and inserts on the radial head along the annular ligament. The annular ligament arises and inserts on the anterior and posterior margins of the lesser sigmoid notch. It functions to stabilize the radial head in contact with the ulna. Because of the eccentric dish-shaped nature of the radial head, the anterior leaf of the ligament becomes tight in supination and the posterior portion becomes tight in pronation.23,24
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Figure 3-12 Lateral ligament complex is composed of the radial collateral ligament, the annular ligament, and the less well-recognized ulnar collateral ligament. (Morrey BF. Anatomy and surgical approaches. In Morrey BF, ed. Reconstructive Surgery of the Joints, Vol. 1, 2nd ed. New York: Churchill Livingstone, 1996, pp. 461–487. With permission from Elsevier [Churchill Livingstone].)



The joint capsule has been regarded as a passive stabilizer of the elbow; however, conflicting opinions exist regarding this point. Morrey and An suggest that it functions as a stabilizer to varus–valgus stresses and against distraction loading in extension but not flexion.22 The maximal capacity of the joint exists at 70 to 80 degrees of flexion and is 25 to 30 mL.25 This may be significantly decreased when the capsule becomes contracted by post-traumatic changes or arthritic conditions. Clinically, this may make joint entry more difficult and dangerous during arthroscopy.23,25


Muscles Crossing the Elbow

The biceps serves as a flexor and supinator of the elbow and forearm. The brachialis originates from the distal half of the humeral shaft and inserts along the tuberosity of the ulna; it acts as a strong flexor of the elbow.25

The common extensor group and the mobile wad of Henry arise from the lateral epicondyle and humerus. The mobile wad of Henry, which comprises the brachioradialis, the extensor carpi radialis brevis (ECRB), and extensor carpi radialis longus (ECRL), forms the radial-sided contour of the forearm and lateral border of the antecubital fossa (Fig. 3-13). The brachioradialis has a lengthy origin along the distal third of the humerus; it then has a broad insertion along the distal radial radius shaft and styloid. It is a strong flexor of the elbow. The ECRL and ECRB arise from the lateral epicondyle and insert on the base of the second and third metacarpals, respectively. These two muscles extend the wrist. The ECRB is covered by the ECRL proximally, which must be elevated to expose the diseased origin of the ECRB in open lateral epicondylitis procedures. Dorsally lie the extensor digitorum communis (EDC), extensor indicis (EI), the extensor digiti quinti (EDQ or EDM), the humeral and ulnar attachments of the extensor carpi ulnaris (ECU), and the anconeus (Fig. 3-14, online).
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Figure 3-13 A, Lateral elbow demonstrating extensor carpi radialis longus (forceps) and common extensor origin. B, Drawing of common extensor origin, lateral elbow. ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus. (Murray PM. Elbow anatomy. In: Trumble TE, Budoff J, eds. Wrist and Elbow Reconstruction & Arthroscopy: A Master Skills Publication. Rosemont: American Society for Surgery of the Hand, 2006. Used with permission from American Society for Surgery of the Hand.)
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Figure 3-14 For exposures of the radial head for fracture fixation, an extensor splitting approach is preferred rather than the Kocher approach, as the lateral ulnar collateral ligament (LUCL) is at risk of injury during the latter approach. Care is taken to limit the extent of resection and protect the LUCL. A, Type III fracture. Severe comminution noted at surgery. Surgical approach involved posterior skin incision with split of the extensor digitorum communis tendon origin to gain exposure. B, Radial head prosthesis. Note metallic head centered on capitellum. (Hartman MW, Steinmann SP. The radial head fractures. In: Celli A CL, Morrey BF, eds. Treatment of Elbow Lesions: New Aspects in Diagnosis and Surgical Techniques. Milan: Springer-Verlag, Italia, 2008. Used with permission from Springer-Verlag.)



At the ulnar side of the elbow, the flexor pronator group arises from the medial epicondyle and includes the flexor carpi ulnaris (FCU), the palmaris longus, the flexor carpi radialis (FCR), flexor digitorum profundus (FDP) and superficialis (FDS), and the pronator teres (Fig. 3-15, online). The pronator teres usually has two heads through which the median nerve passes: one from the medial epicondyle and a second from the coronoid. This can be a site of median nerve entrapment. The pronator inserts on the radius and acts as a strong pronator of the forearm and a weak flexor of the elbow. The FCR is a wrist flexor, and the palmaris longus is functionally insignificant but is useful as a graft donor for reconstructive procedures. The supinator originates from the lateral epicondyle, the LCL, and the proximal anterior ulna along the supinator crest. The muscle runs obliquely to finally wrap around the radius and end in a broad insertion along the proximal radius. Like the biceps, it serves as a supinator of the forearm.25
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Figure 3-15 The medial epicondyle is the origin of the flexor pronator muscles of the forearm. PT, pronator teres; FCU, flexor carpi ulnaris. (Murray PM. Elbow anatomy. In: Trumble TE Budoff J, eds. Wrist and Elbow Reconstruction & Arthroscopy: A Master Skills Publication. Rosemont: American Society for Surgery of the Hand, 2006. Used with permission from American Society for Surgery of the Hand.)



The triceps posteriorly acts to extend the elbow. It arises from the posterior aspect of the humerus (lateral and medial heads) and from the scapula (long head).


Neurovascular Structures About the Elbow

Multiple neurovascular structures are at risk of injury with procedures or pathology about the elbow joint. An understanding of anatomy is crucial to avoiding iatrogenic injury and for anticipating possible problems as well as exploiting internervous planes during surgical approaches.26

The brachial artery traverses between the brachialis and biceps muscles in its course down the arm and lies lateral to the median nerve in the antecubital fossa. Typically, the radial artery arises at the level of the radial head, travels between the brachioradialis and the pronator teres, and sends a recurrent branch (radial recurrent branch) proximally. This anastamoses with the radial collateral and middle collateral arteries (from the profunda brachii) to form the radial-sided network of collateral circulation. The ulnar artery is the larger of the two branches and gives rise to the common interosseous artery and then posterior and anterior interosseous arteries. The ulnar artery, like the radial artery, gives off recurrent branches (the posterior and anterior recurrent arteries) that then anastamose with the superior and inferior ulnar collateral arteries arising from the brachial artery proximal to the elbow.7 The basilic vein and cephalic vein drain the distal extremity and cross the elbow in a variable course.

Proximal to the elbow joint, the median nerve travels anteromedial to the humerus and lateral to the brachial artery. At the elbow joint, it crosses anterior to the artery to lie medial to the artery and the biceps tendon in the antecubital fossa (Fig. 3-16). No muscular branches arise from the median nerve in the arm.27 At the antecubital fossa, the nerve is covered by the lacertus fibrosis as it crosses over the elbow joint. It then dips beneath the two heads of the pronator teres. The first motor branches from the median nerve arise laterally and are to the pronator teres and flexor carpi radialis. The nerve passes through the forearm along the dorsal surface of the FDS, which it supplies.7,27
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Figure 3-16 The relationship of the median nerve (N) and brachial artery (A) proximal to the elbow joint. (Adams JE, Steinmann SP. Nerve injuries about the elbow. J Hand Surg Am 2006;31A:303–313. Used with permission from Elsevier.)



The anterior interosseous nerve (AIN) arises from the median nerve 2 to 6 cm distal to the medial epicondyle.28 This purely motor nerve travels down the forearm on the interosseous membrane.27,29 The AIN may be injured in association with a (typically pediatric) supracondylar fracture as a result of contusion, traction, or both, particularly in the setting of irreducible, highly displaced or comminuted fractures.28

The ulnar nerve travels subcutaneously along the medial aspect of the arm between the coracobrachialis laterally and the long and medial heads of the triceps posteriorly (Fig. 3-17). Near the insertion of the coracobrachialis, the ulnar nerve passes through the medial intermuscular septum and the arcade of Struthers to enter the posterior compartment of the arm. The nerve then travels along the medial head of the triceps toward the medial epicondyle. It passes posterior to this structure, superficial to the joint capsule and the MCL, and through the cubital tunnel30 (Fig. 3-18). The posterior branch of the medial antebrachial cutaneous nerve passes over the ulnar nerve at a point between 6 cm proximal to 4 cm distal to the medial epicondyle.30,31
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Figure 3-17 Posterior cubital tunnel anatomy.
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Figure 3-18 Medial cubital tunnel anatomy.



The ulnar nerve passes between the humeral and ulnar heads of the FCU as it enters the forearm. The first muscular branch is usually to the FCU, and multiple branches may arise anywhere from 4 cm proximal to 10 cm distal to the medial epicondyle. The muscular branch to the FDP usually arises 4 to 5 cm distal to the medial epicondyle.30

Because of its close proximity to the MCL of the elbow and its tethered location under the medial epicondyle, the ulnar nerve is often affected by pathology about the elbow joint. In addition to cubital tunnel syndrome, the nerve may be stretched during elbow dislocations, or injured as a result of fractures or during surgical procedures. In addition, the late sequelae of trauma, including deformities such as cubital varus or valgus or heterotopic ossification, may be problematic.30 Trauma may promote adhesions and scarring, which can cause compression at classic locations of ulnar nerve entrapment, including the cubital tunnel, the arcade of Struthers, the medial intermuscular septum, or between the two heads of the FCU.29,30 Typically, decompression and/or transposition is recommended when procedures such as total elbow arthroplasty or open reduction of significant distal humerus fractures is performed. Likewise, with contracture releases, the nerve is particularly vulnerable to stretch postoperatively if a large restoration of motion occurs; in this case the ulnar nerve may need to be assessed.32

The radial nerve exits the triangular space and travels along the posterior aspect of the humerus.27,33 Distally, the nerve emerges from the spiral groove about 10 cm and 15 cm proximal to the lateral epicondyle and elbow joint, respectively34,35 (Fig. 3-19). Above the spiral groove, a muscular branch to the medial head of the triceps is given off. This continues distally to supply the anconeus muscle. Surgical approaches can exploit this relationship to reflect the anconeus on a proximally based pedicle preserving its neurovascular supply.7 Prior to piercing the lateral intermuscular septum to travel in the anterior aspect of the arm, two cutaneous branches are given off: the inferior lateral brachial cutaneous branch and the posterior antebrachial cutaneous nerve.36 The radial nerve then pierces the lateral intermuscular septum and travels down the lateral column of the humerus over the lateral edge of the brachialis muscle.33-37
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Figure 3-19 The radial nerve (arrow) as it pierces the intermuscular septum 9 to 10 cm proximal to the elbow joint. (Adams JE, Steinmann SP. Nerve injuries about the elbow. J Hand Surg Am 2006;31A:303–313. Used with permission from Elsevier.)



Muscular branches to the brachialis and ECRL are given off proximal to the elbow joint.36,37 The nerve travels deep to the brachioradialis, ECRB, and ECRL muscles and passes directly over the annular ligament.36 At the radiocapitellar joint level, the radial nerve bifurcates into a deep branch, which becomes the posterior interosseous nerve (PIN), and a superficial branch, which continues as the superficial radial nerve.37-39 Innervation to the ECRB arises at the level of the bifurcation of the nerve and is variable.36 The superficial branch of the radial nerve initially lies deep to the brachioradialis and superficial to the ECRL but distally emerges from the lateral edge of the brachioradialis to provide cutaneous sensation to the dorsoradial aspect of the hand.36,38

The PIN dips into the arcade of Frohse—a tunnel formed by fibrous bands of the brachialis and brachioradialis muscle, ECRB, and the superficial head of the supinator36,39 (Fig. 3-20). The floor of the tunnel is formed by the anterior capsule of the elbow and the deep head of the supinator. The PIN then wraps about the lateral aspect of the radius, giving off branches to the supinator muscle.36 At the distal border of the supinator, the PIN splits into two major branches: a short or recurrent branch, which supplies the ECU, EDC, EDM; and the long or descending branch, which innervates the abductor pollicis longus (APL), extensor pollicis longus (EPL), extensor pollicis brevis (EPB), and EI, and supplies sensation to the dorsal aspect of the wrist.36,38,39
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Figure 3-20 The posterior interosseous nerve (arrow) entering the supinator muscle distal to the radial head. (Adams JE, Steinmann SP. Nerve injuries about the elbow. J Hand Surg Am 2006;31A:303–313. Used with permission from Elsevier.)



Diliberti and colleagues40 demonstrated in a cadaveric study the effect of pronation on the PIN. With full supination of the forearm, the PIN crossed the radial shaft at an average of 33 mm (range, 22–47 mm) from the radiocapitellar joint, whereas pronation caused the PIN to become more parallel to the long axis of the radius, and full pronation increased the distance to 52 mm (range, 38–68 mm).40 The PIN is “tethered” by the supinator muscle and therefore is rotated with the radius during rotation.41 Thus, during dorsal surgical approaches to the proximal radius, the forearm should be positioned in pronation to minimize risk of injury to the PIN.41,42 Additional principles that may be helpful in avoiding PIN injury include releasing the supinator close to its ulnar attachment rather than over the radius and using the bicipital tuberosity as a landmark to the region that may be safely exposed during surgery.42

Several cutaneous nerves are important to mention about the elbow. Inadvertent injury can cause a bothersome numb patch or a painful neuroma. The lateral antebrachial cutaneous nerve is the terminal sensory branch of the musculocutaneous nerve and pierces the brachial fascia approximately 3 cm proximal to the lateral epicondyle.27,43 It then passes 4.5 cm medial to the lateral epicondyle. Anterior and posterior branches supply cutaneous sensation to the anterolateral and posterolateral surfaces of the forearm, respectively.43 It is at risk during exposures of the distal humerus and should be identified in the interval between the brachialis and the biceps muscles and preserved.27

The medial antebrachial cutaneous nerve travels down the arm medial to the brachial artery.31 It pierces the deep fascia in the mid or distal arm to become subcutaneous and has a variable relationship with the basilic vein.31,44 At an average of 14.5 cm proximal to the medial epicondyle (range, 1–31 cm), the medial antebrachial cutaneous nerve gives off its anterior and posterior branches. The anterior branch crosses over the elbow joint between the medial epicondyle and biceps tendon.31 The posterior branch gives off two to three additional branches, which have a variable course, crossing over the elbow usually proximal to the medial epicondyle, but between 6 cm proximal to 6 cm distal to it.31,43 Injury of the medial antebrachial cutaneous branch of the median nerve or its branches may occur during cubital tunnel release. A more posterior incision, full-thickness flaps, and careful dissection and preservation of branches can lessen the risk of a bothersome hypoesthetic patch over the olecranon or symptomatic neuromas.31,43,44


Summary

An understanding of the complex anatomy and biomechanics of the elbow joint including the soft tissues and neurovascular structures is essential in treating pathology about this joint. Stability of the elbow is conferred by bony congruity, ligamentous structures, and dynamic action of muscular forces. Mobility of the elbow is critical for the accomplishment of a variety of activities of daily living. The functional ROM of the elbow has been determined to be 30 to 130 degrees in the flexion and extension arc and 50 degrees each of pronation and supination. The intimate relationship of the many neurovascular structures about the elbow make them vulnerable in elbow injuries, and they require protection during surgery.
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CRITICAL POINTS

▪ Shoulder motion is a result of the complex interactions of the individual joints and muscles of the shoulder girdle.

▪ Scapulothoracic motion significantly affects measurements of glenohumeral motion.

▪ Shoulder motion is measured and described in multiple planes of motion.

▪ Stability of the shoulder is conferred by dynamic and static constraints.

▪ The clavicle serves as a strut and suspension between the thorax and scapula

▪ Scapular motion is a complex interaction of motion in three planes.

▪ The coordinated movement of the clavicle, scapula, and humerus involves a complex interaction of more than twenty muscles.

▪ Scapulohumeral rhythm is a dynamic state adapting to varying speed, load, and stability.



The shoulder is the most mobile joint in the body. Motion occurs through complex interactions of the individual joints of the shoulder girdle, including the glenohumeral joint, the sternoclavicular joint, the acromioclavicular joint, and the scapulothoracic articulation. Together the coordinated interaction of these structures allows for an extraordinary freedom of movement and function.


Range of Motion


Measuring Normal Range of Motion

Traditionally, shoulder motion has been described by measuring the angle formed by the arm relative to trunk. Forward elevation, or flexion, of the shoulder is in the sagittal plane and may in some individuals reach 180 degrees. The normal range varies, but has been reported to be on average 165 to 170 degrees in men, and 170 to 172 degrees in women.1 Posterior elevation or extension in the sagittal plane has been found to be on average 62 degrees.2 Axial rotation of the arm is described by degrees of internal and external rotation. With the arm at the side an average external rotation is 67 degrees.3 Estimates of total axial rotation (the sum of internal and external rotation) with the arm at the side range from 150 degrees to 180 degrees. Total axial rotation with the arm abducted to 90 degrees is reduced to about 120 degrees. In the horizontal plane, when the arm is perpendicular to the trunk, motion is commonly described as horizontal abduction and adduction (or horizontal extension and flexion).

Range of motion is influenced by several factors, including the determination of the end-point, the plane in which the motion is tested, and whether the scapula is stabilized.3 By comparing the relative contribution of passive and active arcs of motion, McCully and colleagues concluded that scapulothoracic motion significantly influences glenohumeral range-of-motion measurements.3

Factors such as age, gender, and hand dominance also affect shoulder range of motion. Normal shoulder range of motion decreases with age. Boone and Azen reported on two groups of males with an age difference of 12.5 years. The younger group averaged 3.4 degrees more flexion and internal rotation, 8.4 degrees more external rotation, and 10.2 degrees more extension.4


Codman’s Paradox

Shoulder motion is rarely limited to one plane. Therefore, in describing the position of the arm in space it is necessary to use multiple planes of reference. The traditional methods of motion description are inadequate for complex motion because the final position of the arm is dependent on the motion sequence. This is illustrated by a concept known as the Codman’s paradox.5 If the arm is raised forward to the horizontal, then horizontally abducted, followed by a return adduction to the side, the final resting position of the arm is externally rotated axially 90 degrees, yet the arm was never specifically externally rotated. Serial angular rotations about orthogonal axes are not additive, but sequence-dependent. Rotation about the x-axis, followed by rotation about the y-axis results in a different end resting position from the reverse sequence.6


Three-Dimensional Joint Motion

A central feature to the understanding of joint kinematics is the ability to measure and describe motion in a consistent and reproducible manner. One method of describing complex joint kinematics is to use a system of vertical planes of elevation, similar to the degrees of longitude used to describe global positioning6 (Fig. 4-1). Pure coronal abduction is defined as 0 degrees, and pure sagittal flexion as 90 degrees. At the horizontal, the maximum adduction is 124 degrees whereas the maximum abduction is −88 degrees, producing a total of 212 possible vertical planes of elevation.7 Humeral elevation is measured by the angle formed between the elevated arm and the unelevated arm. Isolated forward flexion to 90 degrees in this coordinate system is described as (90,90), whereas isolated abduction to 90 degrees is described as (0,90). Finally, axial rotation is described in reference to the plane of elevation by an angle formed by the forearm with the elbow flexed to 90 degrees. If the forearm is perpendicular to the plane of elevation, the rotation is 0 degrees. External rotation is positive, internal rotation is negative. A classic military salute in this system would be described as (+30, +80, −406).6
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Figure 4-1 Range of motion of the shoulder is most similar to motion about a globe. (Reprinted from Rockwood CA Jr, Matsen FA III, The Shoulder. 3rd ed. Philadelphia: Saunders Elsevier, 2004.)




Glenohumeral Anatomy


Glenoid

The glenoid arises laterally from the scapular neck at the junction of the coracoid, scapular spine, and lateral border of the scapular body. It is a pear-shaped structure forming a shallow socket that is retroverted on average 7 degrees with respect to the scapular plane, but maintains an overall anteversion of about 30 degrees with respect to the coronal plane of the body.8 The glenoid also maintains a superior tilt of about 5 degrees in the normal resting position of the scapula. It is thought that this superior inclination contributes to inferior stability via a cam effect that is a function of the tightening superior capsular structures.9

The glenoid surface area is about one third that of the humeral head. The depth of the glenoid measures about 9 mm in a superoinferior direction, but only 5 mm in an anteroposterior direction, half of which is constituted by the labrum.10 In addition, the glenoid cartilage is thicker peripherally than centrally, further deepening the socket. The glenoid socket is therefore significantly more concave and congruous with the humerus than the bony anatomy would suggest.


Humeral Head

The humeral head is oriented with an upward tilt of about 45 degrees from the horizontal, and it is retroverted about 30 to 40 degrees with respect to the intercondylar axis of the distal humerus. The articular surface forms approximately one third of a sphere. Utilizing stereophotogrammetric studies, Soslowsky and associates demonstrated that the glenohumeral joint congruence is within 2 mm in 88% of cases, with a deviation from sphericity of less than 1% of the radius.11 Retroversion is greater in young children, with an average of 65 degrees between the ages of 4 months to 4 years.12 By 8 years of age most of the derotation has occurred with a more gradual derotation continuing until adulthood.


Glenohumeral Biomechanics


Laxity

Glenohumeral laxity is a normal finding to varying degrees in all shoulders. In cadaveric shoulders, average passive humeral translation of 13.4 mm anteriorly and 10.4 mm posteriorly has been demonstrated with a 20-N force.13 In a study of healthy unanesthetized volunteers, passive humeral translation averaged 8 mm anteriorly, 9 mm posteriorly, and 11 mm inferiorly.14 Far less translation occurs with normal glenohumeral kinematics. Radiographic analysis of normal volunteers demonstrates that the humeral head is maintained precisely centered in the glenoid in all positions except simultaneous maximal horizontal abduction and external rotation.15 In this extreme position an average of 4 mm of posterior translation occurred. These studies demonstrate that despite the great potential for translational motion in the shoulder, the combined stabilizers of the glenohumeral joint act in concert to maintain centricity.


Laxity Versus Instability

Shoulder laxity is a normal property that varies widely within the general population.16-19 It is often measured as increased passive translation of the humeral head on the glenoid and may be affected by several factors, including age, gender, and congenital factors.20 Instability is a pathologic condition involving active translation of the humeral head on the glenoid (Fig. 4-2). Unlike laxity, instability is usually symptomatic. It represents a failure of static and dynamic constraints to maintain the humeral head precisely centered within the glenoid. Instability may occur in one direction, such as anterior instability following a traumatic anterior dislocation, or it may be multidirectional, occurring in any combination of anterior, posterior, or inferior directions. Patients with multidirectional instability often have asymptomatic laxity of the contralateral shoulder.21 What distinguishes these shoulders from normally functioning shoulders is a complex interaction of muscular, neurologic, and structural factors.
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Figure 4-2 The difference between laxity and stability can be demonstrated graphically. Laxity is the translation permitted from one end of capsular tension to the other. Stability is the centered point of lowest potential energy and is related not only to capsular tension but also to joint congruency. [Modified from Lazarus MD, Sidles JA, Harryman DT 2nd, Matsen FA 3rd. Effect of chondral-labral defect on glenoid concavity and glenohumeral stability. A cadeveric model. J Bone Joint Surg Am. 1996;78A:94–102].




Glenohumeral Stabilizers

Shoulder dislocations are the most common form of joint dislocation, with an average incidence of 1.7%, demonstrating the great potential for instability that exists in the shoulder.22 The critical constraints for the control of shoulder stability may be divided into static and dynamic elements. The interaction of these constraining elements is complex. In the pathologic state, where one or more constraining factors is abnormal, instability may occur. Restoring these normal anatomic constraints is critical to the successful treatment and rehabilitation of the shoulder.


Static Stabilizers

Early investigators focused on the articular components of glenohumeral stability. The humeral head retroversion roughly matches the glenoid orientation on the chest wall. Saha emphasized the contribution of this articular version to stability, noting that individuals with congenital anteversion of the glenoid had a greater tendency for recurrent dislocation.8 Subsequent studies have not confirmed this hypothesis, finding instead considerable variability in articular version and inclination.23-25 In any position of rotation only about 25% to 30% of the humeral head surface is in contact with the glenoid. The glenohumeral index, calculated by measuring the diameter of the humeral head relative to the glenoid, has been measured. It was hypothesized that individuals with larger heads relative to their glenoid would be unstable; however, investigators have made no such correlation.26

The relatively smaller surface area of the glenoid relative to the humeral head emphasizes the importance of soft tissues surrounding the joint, including the labrum, capsular, and ligamentous structures. The labrum is composed of dense collagen fibers that surround and attach to the glenoid rim, creating a deeper and broader glenoid surface. Functionally the labrum increases the articular contact of the glenoid with the humerus to about one third and improves the articular conformity and thereby stability27 (Fig. 4-3). Lippitt and Matsen demonstrated the contribution of the labrum to joint stability in cadavers.28 Excision of the labrum resulted in a 20% decrease in stability as measured using the stability ratio defined by Fukuda and coworkers.29
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Figure 4-3 Even in older, cadaveric shoulders, in response to a translating force, humeral heads remain relatively well-centered until a threshold force is reached, resulting in sudden and explosive dislocation. [Modified from Lazarus MD, Sidles JA, Harryman DT 2nd, Matsen FA 3rd. Effect of chondral-labral defect on glenoid concavity and glenohumeral stability. A cadeveric model. J Bone Joint Surg Am. 1996;78A:94–102].



Slight mismatch of the articular surface diameter of curvature between the glenoid and humeral head may have a significant effect on glenohumeral stability. Saha initially described three types of glenohumeral articulations: type A had a shallow glenoid, type B had conforming surfaces, and type C had a humeral radius greater than that of the glenoid.8 Soslowsky and associates, using stereophotogrammetric studies of fresh frozen cadaveric shoulders, found that 88% of glenohumeral articulations are perfectly congruent.11 Kim and colleagues, however, recently analyzed MRI scans in patients with multidirectional instability (MDI) and compared them with normal MRIs. They determined that the diameter of curvature of the glenoid surface in the MDI patients was greater than the humeral diameter, suggesting that this loss of conformity may play a role in instability.30

A slightly negative intra-articular pressure of the glenohumeral joint also acts to maintain joint stability.31 Normally the shoulder contains about 1 mL of synovial fluid, which is maintained at a lower atmospheric pressure by high osmotic pressures in the surrounding tissues. Warner and coworkers demonstrated that in normal shoulders an inferiorly directed force of 16 N generated an inferior translation of 2 mm; however, if the capsule of the same shoulder is vented, the same force generates an inferior translation of 28 mm.32

The conformity of the glenohumeral joint combined with the presence of synovial fluid generates adhesion and cohesion between the humeral head and the glenoid in much the same fashion as a moist glass sticks to a coaster. Adhesion is due to the material properties of the synovial fluid, but cohesion is due to the conformity of the joint. The compliant labrum further potentiates these stabilizing effects.

The glenoid geometry and labrum in concert with muscle contractions of the rotator cuff are responsible for stability in the midranges of motion.3 The capsuloligamentous structures that remain lax during the midrange of motion are mainly responsible for stability at the end ranges of motion when all other stabilizing mechanisms have been overwhelmed.33,34


The Glenohumeral Ligaments

The superior ligaments comprise the coracohumeral ligament (CHL) and the superior glenohumeral ligament (SGHL) (Fig. 4-4). The CHL is broad, thin, extra-articular structure originating on the coracoid process and inserting broadly on the greater and lesser tuberosities, intermingling with the fibers of the supraspinatus and subscapularis. The SGHL, which lies deep to the CHL, is present in over 90% of cases, originating on the superior tubercle of the glenoid and inserting anteriorly just medial to the bicipital groove. Together these structures resist inferior translation with the arm in adduction.
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Figure 4-4 The glenohumeral joint is stabilized by discreet capsular ligaments, each of which has a separate role in maintaining stability. IGHL, inferior glenohumeral ligament; MGHL, middle glenohumeral ligament; SGHL, superior glenohumeral ligament.



The middle glenohumeral ligament (MGHL) has the greatest variation both in size and presence of all glenohumeral ligaments. It is absent in up to 30% of shoulders.35 The morphology of the MGHL may be sheetlike or cordlike, and it usually originates along with the SGHL on the superior glenoid tubercle, inserting just medial to the lesser tuberosity. Although the MGHL limits inferior translation in the adducted and externally rotated shoulder, the ligament primarily functions to limit anterior translation of the humerus on the glenoid with the shoulder abducted 45 degrees.36 In individuals with a more cordlike MGHL it may also function to limit anterior translation in the 60- to 90-degree abduction range with the arm externally rotated.36,37

The inferior glenohumeral ligament (IGHL) is likely the most important ligament complex of the glenohumeral joint. The IGHL is composed of thickened bands that form a sling, or “hammock,” that cradles the humerus inferiorly in what is referred to as the axillary pouch. Typically, the IGHL originates broadly at the equatorial to inferior half of the anterior glenoid adjacent to the labrum and inserts just inferior to the MGHL medial to the lesser tuberosity. In a histologic and anatomic study by O’Brien and coworkers, they demonstrated that the posterior and anterior portions of the IGHL contain thickened bands of dense collagen fibers.35 Gohlke and coworkers confirmed the existence of the anterior band, but found the posterior band to be present in only 62.8% percent of individuals.38 The stabilizing function of the IGHL complex increases as the arm is elevated in abduction. With external rotation of the arm in 90 degrees of abduction, the anterior band broadens and tightens, forming a taut sling that prevents anterior translation. Similarly, with internal rotation of the abducted arm, the posterior band fans out and tightens.39 The IGHL is also the primary restraint to inferior translation of the humerus with the arm in 90 degrees of abduction.


The Interplay Between Static and Dynamic Constraints

Ligaments only function under some degree of tension. However, during normal motion of the glenohumeral joint the ligaments remain under little to no tension. In addition a large amount of passive translation is commonly possible in multiple directions. Yet the humeral head remains perfectly centered in the glenoid during normal active motion. Therefore, it seems that factors other than the capsule and ligaments must be contributing to the lack of translation observed with normal motion. The factor responsible for maintaining the humeral head centered in the glenoid is therefore the interplay between the remaining static stabilizers (adhesion, cohesion, negative intra-articular pressure, and the congruency of the joint) and the dynamic stabilizers (the rotator cuff muscles, biceps brachii, the scapular rotators, and coordinated proprioceptive feedback) of the shoulder.

Despite the complex dynamic and static constraints that maintain the humeral head centered in the glenoid, pathologic translation of the humeral head does occur. In all but the most severe cases of laxity, shoulder dislocations result in tearing or fracturing of the glenohumeral architecture.40 Selective cutting experiments have demonstrated the potential instability that may result from sectioning individual capsular and ligamentous structures of the glenohumeral joint.

Cadaveric experiments have demonstrated the primary ligamentous constraints to translation of the humeral head on the glenoid in the anterior, inferior, and posterior directions. The anterosuperior band of the IGHL is the primary ligamentous constraint to anterior translation with the arm abducted and externally rotated.41 As abduction decreases, the MGHL is of increasing importance in resisting anterior translation.42 The primary constraints to inferior translation in the adducted arm are the superior structures, particularly the SGHL which is maximized by external rotation.36,43 With increasing abduction to 90 degrees, the IGHL becomes the primary constraint to inferior translation.44 The primary constraint to posterior translation is the posterior band of the IGHL. Although resection of the posterior capsule increases posterior translation, it is not sufficient for a posterior glenohumeral dislocation to occur.45 However, posterior dislocation is possible if the same shoulder is incised anterosuperiorly, cutting the SGHL and MGHL. Posterior translation increases with the arm in 30 degrees of extension if the anterior band of the IGHL is incised or detached from its glenoid insertion.44,46


Dynamic Stabilizers

The rotator cuff muscles improve joint stability by increasing the load necessary to translate the humeral head from its centered position in the glenoid. Lippitt and Matsen found that tangential forces as high as 60% of the compressive force were required to dislocate the glenohumeral joint in a cadaveric study,28 finding also that joint stability was reduced with removal of a portion of the anterior labrum. Similarly, Wuelker and associates noted a nearly 50% increase in anterior displacement of the humeral head in response to a 50% reduction in rotator cuff forces.47 The glenohumeral joint reaction force has been calculated in a cadaveric model to reach a maximum of 0.89 times body weight.48 Glenohumeral joint contact pressures measure a maximum of 5.1 MPa in cadavers using pressure-sensitive film with the arm in 90 degrees of abduction and 90 degrees of external rotation.49 Joint reaction forces increase with increasing abduction angle and peak at 90 degrees abduction.50 Increasing joint compression appears to increase the centering of the humeral head, thereby providing a stable fulcrum for arm elevation.51,52

Other factors may also contribute to dynamic glenohumeral stability. Ligament dynamization through attachment to the rotator cuff muscles has been postulated, whereby rotator cuff contraction may affect tensioning of the glenohumeral capsuloligamentous complex.53 Similarly, Pagnani and colleagues hypothesized that biceps contracture may tension the relatively mobile labrum and thereby tension the associated SGHL and MGHL, potentially enhancing stability.54 They also conclude that the long head of the biceps may itself stabilize the joint depending on shoulder position. Whether this is a true dynamic function is controversial. Yamaguchi and coworkers observed no biceps muscle activity with normal arm motion in both normal rotator cuffs and deficient cuffs.55

The capsuloligamentous structures may also provide propioceptive feedback on joint position. Vangsness and associates found low-threshold, rapid-adapting pacinian fibers in the glenohumeral ligaments.56 Others have found diminished proprioception in shoulders with instability, with subsequent improvement after repair.57 Proprioceptive feedback likely helps not only to tension the rotator cuff muscles, but also to position the scapula and clavicle appropriately in space.


The Clavicle and Scapula

The glenoid socket is relatively unconstrained compared with the acetabulum of the hip. The added mobility that this confers requires the coordinated movement and function of the muscles that position the scapula and clavicle in space. The glenoid may therefore be placed in a variety of positions that allow it to effectively resist the joint reaction forces generated by the muscles that power and position the arm.


The Anatomy of the Clavicle

The clavicle is a double-curved bone that functions as a strut and suspension between the thorax and the scapula while also protecting the underlying neurovascular structures (Fig. 4-5). While carrying a load at the side, for example, the clavicle functions as a strut, giving the muscles that elevate the clavicle and scapula a fulcrum to carry the load away from midline. Each end of the clavicle forms a diarthrodial articulation with an intervening fibrocartilagenous meniscus. The shape and mobile articulations of each joint allows for more motion than is typically observed. Muscles that power the shoulder cause compression across the glenohumeral joint. The force is transmitted to the trunk via the acromioclavicular (AC) and sternoclavicular (SC) joints. The conoid, trapezoid, and AC ligaments strongly suspend the scapula and the remaining upper extremity from the clavicle.
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Figure 4-5 The clavicle serves as a strut (A) to position the scapula away from the thorax and as a suspension (B) for the shoulder girdle. (Reprinted from Lazarus MD. Fractures of the clavicle. In: Bucholz RW, Heckman JD, Court-Brown C, et al., eds. Rockwood and Green’s Fractures in Adults. 5th ed. Philadelphia: Lippincott Williams & Wilkins, 2001.)




Sternoclavicular Joint

The SC joint connects the axial skeleton to the upper extremity. The somewhat flattened bony articulation provides little inherent stability. Instead ligamentous structures both anteriorly and posteriorly confer stability (Fig. 4-6). Early studies demonstrated that the SC capsule was responsible for stability of the joint, but they did not isolate individual ligaments or regions of the capsule.58,59 Spencer and Kuhn demonstrated in a cadaveric selective cutting study that the posterior capsule is the primary restraint to both posterior and anterior translation;60 however, the anterior capsule is also important, particularly for restraint on anterior translation. Their research also showed that the costoclavicular and interclavicular ligaments are not crucial stabilizers of the SC joint.
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Figure 4-6 The sternoclavicular joint is stabilized by the strongest ligamentous complex in the body. (Reprinted from Gray’s Anatomy, 2007.)




Acromioclavicular Joint

The AC joint is a diarthrodial joint that allows articulation of the medial acromion with the lateral clavicle. Similarly to the SC joint, the AC joint has little inherent stability, instead relying on ligamentous support (Fig. 4-7). A capsule surrounds the joint, thickening superiorly to form the AC ligament. The scapula is suspended from the clavicle by way of the conoid and trapezoid ligaments connecting the distal clavicle to the coracoid process. Early investigators observed only minimal motion at the AC joint. However, a cadaveric selective cutting experiment by Fukuda and colleagues measured the relative constraint provided by the AC capsule, conoid, and trapezoid ligaments to small and large displacements.61 They concluded that in small displacements (10 N of force) the AC capsule is the primary restraint on both superior and posterior translation. With large displacements (90 N of force) there is a shift to the conoid ligament with respect to restraint to superior translation; however, 90% of the restraint on posterior translation is still maintained by the AC capsule. The coracoclavicular ligaments, especially the trapezoid, resist most of the load transmission in axial compression. The individual contributions of the AC ligament to resisting translation were further clarified by Klimkiewicz and coworkers in a cadaveric-sectioning study.62 They concluded that the posterior and superior ligaments are the most critical, resisting on average 25% and 56% of the posterior displacement, respectively. These results were confirmed by Debski and associates in a cadaveric study using in situ force measurements in three dimensions.42 They concluded that the superior AC ligament is the primary restraint on posterior translation and that the conoid is the primary restraint on superior translation. Moreover, they note that the constraints on the AC joint affect the resulting joint motion, but motion also affects the force on each ligament.
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Figure 4-7 The ligamentous anatomy of the acromioclavicular joint. (Reprinted from Gray’s Anatomy, 2007.)




Clavicular Motion

Clavicular motion occurs in anteroposterior and superoinferior directions as well as rotating on its longitudinal axis. Inman noted that about 30 degrees of clavicular elevation occurs with about 130 degrees of forward elevation of the upper extremity with relatively more motion occurring at the SC joint than the AC joint.63 Ten degrees of forward elevation also occurs with the first 40 degrees of elevation and an additional 15 to 20 degrees of forward elevation occurs with motion above 130 degrees of elevation.64 DePalma summarized this elevation and forward rotation by describing the motion of the distal clavicle as forming an angular cone of about 60 degrees.65

Dempster originally described six discrete motions at the SC joint (Table 4-1).58 The physiologic range of each type of motion has been defined by various studies.63,66 Additionally, anteroposterior rotation is greater than superoinferior motion by a ratio of 2 to 1.67 Motion at the AC joint is more limited than at the SC joint. The motion may be thought of as rotational, either axial (anterior and posterior) about the long axis of the clavicle, or hinging in an anteroposterior or superoinferior manner. Anteroposterior rotation is three times greater than superoinferior motion.58

Table 4-1 Range of Motion at the Sternoclavicular (SC) Joint (in Degrees)58





	Action at the SC Joint

	Degrees of Motion




	Upward rotation

	35




	Anterior rotation

	35




	Posterior rotation

	35




	Axial rotaion

	45–50




	Downward rotation

	10




	Upward rotation

	45






The Anatomy of the Scapula

The scapula is predominately a thin sheet of bone loosely attached and congruent to the posterior chest wall, which serves to stabilize the upper extremity against the thorax. The scapula thickens along its borders at the site of muscle attachments and along its four projections: the spine of the scapula, the coracoid, the glenoid, and the acromion.


The Scapulothoracic Articulation

Although the scapulothoracic articulation is not a true joint, its motion is integral to positioning the arm in space. The scapula essentially glides over a muscle bed on the posterior chest wall, its shape conforming to the underlying ribs. At rest the scapula is rotated anteriorly about 30 degrees as viewed from above, upward about 3 degrees with respect to the sagittal plane, and tilted forward about 20 degrees as viewed from the side.


Scapular Motion

Although scapular motion has long been recognized as complex, descriptions of this motion have largely focused on elevation in the coronal or scapular plane. Using sensors attached to percutaneous pins McClure and associates demonstrated that scapular motion is three-dimensional and task-dependent.68 With arm elevation in the scapular plane, the scapula rotates upward on average 50 degrees, posteriorly about a mediolateral axis about 30 degrees, and externally about 24 degrees about a vertical axis (Fig. 4-8).
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Figure 4-8 The definitions of scapular motion.




Biomechanics of the Shoulder Complex

More than 20 muscles coordinate their function to move the shoulder joint complex. Several of these muscles have differing functional heads that further enhance shoulder function, including the three heads of the deltoid, the two heads of the biceps brachii, the three heads of the triceps brachii, the three portions of the trapezius, and the two portions of the pectoralis major. Based on these muscles’ origins and insertions, they may be categorized as glenohumeral, scapulothoracic, or thoracohumeral.

The relative function of each individual muscle depends on three factors: the cross-sectional area, the vector angle of pull, and the percentage recruitment of muscle fibers (or intensity of contraction). Electromyography (EMG) is useful in determining the relative level of activity within a particular muscle group, but it cannot measure the force of contraction. To understand the forces generated requires a calculation of the moment arm of the muscle as well as the physiologic cross-sectional area, both of which are dynamic, making accurate calculations challenging. Anatomic studies have calculated the cross-sectional area of several muscles of the shoulder girdle.69 Cross-sectional measurements and approximations of force vectors have been used to calculate glenohumeral joint reaction forces. Current research is focusing on in vivo calculations.


Active Arm Elevation

During active forward elevation of the arm, synchronous activity of the deltoid and rotator cuff muscles has been measured using a combination of stereophotogrammetry and EMG recordings. Inman and colleagues demonstrated that the deltoid and supraspinatus act synergistically during forward elevation of the arm.64 Synchronous function of the remaining rotator cuff muscles provides the humeral head depression necessary to prevent superior migration of the humeral head.52 The deltoid provides a substantial initial force nearly 90% of its total potential force.67 In massive rotator cuff tears the force required of the remaining rotator cuff to keep the glenohumeral joint centered increases experimentally by as much as 86%.70

The supraspinatus is thought to initiate abduction; however, the deltoid and all four rotator cuff muscles are active throughout the full range of forward arm elevation. The specific contributions of each muscle have been studied using selective nerve blocks in healthy volunteers. Blocks of either the suprascapular nerve or the axillary nerve demonstrate that both the deltoid and supraspinatus are responsible for generating torque during active forward elevation of the arm. Full abduction has been shown to be possible with an axillary nerve block with a reduction of strength of about 50% of normal.71 Similarly, suprascapular nerve block allowed full abduction with diminished strength. However, simultaneous axillary and suprascapular nerve blocks eliminated all active elevation, demonstrating that the deltoid, supraspinatus, and infraspinatus are essential for active shoulder elevation. With a suprascapular nerve block, strength is reduced about 50% at 30 degrees, 35% at 90 degrees, and 25% at 120 degrees of forward elevation.67

Classically the contributions to arm elevation are thought to be a 2:1 ratio of glenohumeral to scapulothoracic motion.64 More recent investigations suggest a more complex interaction with motion during the first 30 degrees as mostly glenohumeral,48,72,73 whereas the last 60 degrees comprises a near equal contribution by the glenohumeral and scapulothoracic joints. McClure and coworkers measured a ratio of 1.7 to 1 of glenohumeral motion to scapulothoracic motion with arm elevation in healthy volunteers.68 The speed of arm elevation also affects the relative contribution of each joint, with predominance of glenohumeral motion at high speeds.74 With age, the ratio of glenohumeral to scapulothoracic motion remains relatively constant; however, the range of motion is diminished.75


External Rotation of the Humerus

Maximal forward elevation of the arm requires external rotation of the humerus.76 Early observers concluded that external rotation was necessary for the tuberosity to clear the acromion, but more recent clinical and cadaveric studies suggest other factors play a significant role. Maximal external rotation may confer greater stability to the glenohumeral joint in the elevated position.77 Jobe and Iannotti conclude, based on a cadaveric range-of-motion study in three planes, that obligate external rotation makes more humeral head cartilage available for articulation with the glenoid.78 A cadaveric study using magnetic three-dimensional tracking devices determined maximal elevation was associated with approximately 35 degrees of external rotation.76 In vivo data suggest a greater amount of external rotation exists. Using a magnetic field around volunteers, Stokdijk and colleagues found an average external rotation of 55 degrees.79


The Coordinated Muscle Activity of the Shoulder


Scapulohumeral Rhythm

Codman understood the complex and dependent relationships of the structures of the shoulder when he coined the term scapulohumeral rhythm to describe the coordinated motion.80 Inman noted the early phase of scapular motion as the setting phase, indicating the importance of positioning the scapula in an advantageous position for the rotator cuff muscles.63 More recent dynamic studies have confirmed this dependent relationship,68,81 defining more accurately the complex motion of the scapula in relation to the humerus in normal as well as pathologic states.82 Even with a 3-kg weight held in the hand, the scapulohumeral rhythm remains unchanged except in the midrange of elevation where the position of the scapula compensates for the increased load.81 These subtle coordinated adaptations in neuromuscular coordination contribute to the dynamic stability and unique function of the joint under a broad range of conditions.


Summary

Shoulder motion is a result of the complex interactions of the glenohumeral, acromioclavicular, sternoclavicular, and scapulothoracic joints. The shoulder is powered by the coordinated motion of more than twenty muscles interacting to confer stability under varying speeds and loads. Shoulder motion is measured and described in discrete planes of motion with motion at each joint affecting the measure of each other joint. The broad range of shoulder motion makes it vulnerable to instability and injury, including glenohumeral dislocation. Stability is maintained by the interaction of dynamic and static motion constraints. These include the bony anatomy, the soft-tissue constraints, and the dynamic coordinated muscle activity of the shoulder girdle.
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CRITICAL POINTS

▪ The purpose of this chapter is to present the surface anatomy of the upper extremity that is most relevant and useful to the clinician.

▪ The upper limb is presented regionally, starting proximally and proceeding distally.

▪ Each region is presented as a unit and organized in a similar manner so the reader can follow the anatomy in a logical sequence.

▪ In each region the bony landmarks are used as the basic references for most other structures.

▪ Most of the chapter is devoted to the osteologic and muscular structures that are apparent through the skin.

▪ Because muscles are most readily palpable when they are active, the maneuvers necessary to produce specific muscle activity are included where appropriate.

▪ Nerve and vessel locations are included when they can be either palpated directly or specifically located relative to definitive landmarks.

▪ Much of the information contained in this chapter is derived from multiple sources. As a result specific references are not included in the text but sources for additional information are included in a bibliography at the end of the chapter.



The purpose of this chapter is to present the surface anatomy of the upper extremity that is most relevant and useful to the clinician. The upper limb is presented regionally, starting proximally and proceeding distally. Each region is presented as a unit and organized in a similar manner so that the reader can follow the anatomy in a logical sequence. The specific regions are the posterior cervical triangle, shoulder, arm and elbow, forearm and wrist, and hand. In each region, the bony landmarks are used as the basic references for most other structures.

Most of this chapter is devoted to the osteologic and muscular structures that are apparent through the skin. Because muscles are most readily palpable when they are active, the maneuvers necessary to produce specific muscle activity are included where appropriate. Nerve and vessel locations are included when they can be either palpated directly or specifically located relative to definitive landmarks. The names of structures appear in italics when their surface locations are described. Much of the information contained in this chapter is derived from multiple sources. As a result, specific references are not included in the text, but a variety of sources of additional information is included in a bibliography at the end of this chapter.


Posterior Cervical Triangle

The posterior cervical triangle (posterior triangle of the neck) (Fig. 5-1) is included because it houses the major neurovascular structures that supply the upper extremity and is the site of various clinical problems that can affect these structures and, potentially, the entire limb. The boundaries of this triangle are easily palpated and in most people can be identified visually. The base of the triangle is bony and formed by the middle third of the clavicle; the two sides are muscular and formed by the posterior border of the sternocleidomastoid and the superior border of the trapezius. The borders of these muscles converge as they are followed superiorly toward the mastoid process. These boundaries can be accentuated by hunching the shoulder anteriorly and superiorly (trapezius) and rotating the head to the opposite side (sternocleidomastoid).


[image: images]

Figure 5-1 Anterolateral view of the left posterior cervical triangle. To accentuate the sternocleidomastoid muscle, the head is rotated to the opposite side.



The floor of the triangle is muscular and palpable deep in the triangle. The subclavian artery and proximal part of the brachial plexus (roots or trunks) pass through this floor and are palpable in the anteromedial corner of the triangle (i.e., where the sternocleidomastoid muscle attaches to the clavicle). In the triangle, the subclavian artery is positioned medially and inferiorly; its pulse can be felt in the angle formed by the clavicle and sternocleidomastoid, just posterior to the clavicle where the artery passes superior to the first rib. The superior trunk of the brachial plexus is located approximately 2 to 3 cm superior to the clavicle at the posterior border of the sternocleidomastoid muscle. This structure feels like a strong cord or rope. Even though the accessory nerve is not palpable, its superficial course across the posterior triangle can be approximated because its course parallels a line between the earlobe and the acromion process.


Shoulder

The term shoulder (Figs. 5-2 through 5-5) is nonspecific because the areas and structures that can be included vary considerably. In this discussion, the “shoulder” includes the clavicle, the scapula, the proximal portion of the humerus, and all related articulations and soft tissues.


[image: images]

Figure 5-2 Anterior view of the left shoulder, pectoral region, and proximal aspect of the arm.




[image: images]

Figure 5-3 Posterior view of the cervical and upper thoracic portions of the back and the scapular regions. Horizontal abduction of the abducted upper limbs is resisted to reveal certain of the intrinsic and extrinsic muscles of the shoulder. Because the upper limbs are moderately abducted, the scapulae are rotated somewhat superiorly.
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Figure 5-4 Anterior and slightly inferior view of the left shoulder and axillary region. The arm is moderately abducted to reveal both the anterior and posterior axillary folds and the medial neurovascular bundle.




[image: images]

Figure 5-5 Superolateral view of the right shoulder.



The clavicle is palpable throughout its length. In the midline, the suprasternal (jugular) notch is easily felt just superior to the manubrium of the sternum and between the medial ends of the clavicles. The sternoclavicular joint is located just lateral to the notch; its location can be verified by circumducting the arm and thereby moving the clavicle at the joint. From the joint, the shaft of the clavicle can be followed laterally; medially, it is anteriorly convex, and laterally, it is anteriorly concave. The clavicle ends laterally at the acromioclavicular joint, which is marked by either an elevation or a “step-off.” The infraclavicular fossa is the depression inferior to the concavity of the clavicle; the coracoid process is palpable in the depths of that fossa.

The acromion process is the bony shelf just lateral to the acromioclavicular joint. The lateral border of this process ends abruptly and marks the most superior and lateral aspects of the scapula. The posterior aspect of the acromion continues medially and somewhat inferiorly as the spine of the scapula. The spine then ends medially, at its blunted base, at the medial (vertebral) border of the scapula. The base of the spine of the scapula typically is at the level of the spinous process of the third thoracic vertebra. From the base of the spine, the medial border of the scapula can be followed superiorly to the superior angle and inferiorly to the inferior angle. Most of the medial border is palpated through the trapezius muscle. From the inferior angle, the lateral (axillary) border can be followed superiorly to the glenoid fossa, which cannot be palpated.

Those aspects of the proximal humerus that can be palpated must be felt through the deltoid muscle around the edge of the acromion process. Because the head of the humerus articulates with the glenoid fossa of the scapula, it is positioned inferior to the acromion and therefore cannot be palpated. Even though the head of the humerus is not palpable, the tubercles surrounding it are. These are the greater tubercle laterally and posteriorly and the lesser tubercle anteriorly. These structures are separated by the intertubercular groove, which is positioned anterolaterally. The position of this groove can be verified by rotation of the humerus. The deltoid tuberosity is easily located on the lateral aspect of the shaft of the humerus, at about the midshaft level.

The muscles of the shoulder region can be classified as extrinsic and intrinsic. The extrinsic muscles interconnect the scapula, clavicle, or humerus with the axial skeleton and function to stabilize and move the shoulder girdle. Those that are palpable are the trapezius, pectoralis major, serratus anterior, and latissimus dorsi. The trapezius can be both visualized and palpated. The curvature of the neck between the head and the shoulder is formed by its superior part, and the middle and inferior parts extend laterally from the vertebral column and are superficial to most of the scapula. This muscle is prominent and easily palpable when the scapula is adducted. The pectoralis major forms the entire pectoral region, can be felt inferior to most of the clavicle, and forms the anterior axillary fold. It is active with horizontal adduction of the arm. The latissimus dorsi forms the most inferior part of the posterior axillary fold and can be palpated just lateral to the axillary border of the scapula, particularly when the arm is extended. The serratus anterior arises from the anterolateral aspects of most ribs and extends posteriorly and superiorly toward the vertebral border of the scapula. Because the muscle is largely deep to the scapula, only its anterior and inferior aspects can be felt. Forced scapular protraction (as during a push-up) makes these points of attachment easily identified. The rhomboid major and minor are located deep to the trapezius between the scapula and the vertebral column. Contraction of these muscles can be felt only when they are active and the trapezius is not, as when the scapula rotates inferiorly (i.e., during resisted extension of the arm). The levator scapulae also is deep to the trapezius, specifically its superior part, as it extends from the superior angle of the scapula to the upper cervical vertebrae. Even though this muscle is ropelike in shape, as opposed to the broader trapezius, it can be difficult to distinguish from the trapezius because both muscles elevate the scapula.

The intrinsic muscles of the shoulder extend from the scapula or clavicle to the humerus and function to stabilize the glenohumeral joint and move the humerus. The largest of these is the deltoid, which forms the entire contour of the shoulder. Its three parts are easily palpable: the middle part with abduction of the arm, the anterior part with flexion, and the posterior part with extension. The teres major extends from the inferior aspect of the axillary border of the scapula to the anterior aspect of the proximal humerus; posteriorly, it is superior to the latissimus dorsi and forms part of the posterior axillary fold. Resisted medial rotation or extension of the humerus makes this stout muscle easily visible and palpable. Palpation of the rotator cuff muscles is difficult because they are covered (at least partially) by larger muscles, specifically the deltoid and trapezius. The tendons of all four muscles can be located through the deltoid, where they insert on the tubercles of the humerus. The subscapularis inserts anteriorly on the lesser tubercle, the supraspinatus superiorly on the greater tubercle, and both the infraspinatus and teres minor posteriorly on the greater tubercle. When external rotation of the humerus is resisted, portions of the muscle bellies of both the infraspinatus and the teres minor can be felt on the posterior aspect of the scapula in the interval between the deltoid and the teres major.

The interval between the lateral aspect of the acromion process and the humerus, the suprahumeral (or subacromial) space, is important clinically because it is most often the site of pain associated with an impingement syndrome. The soft tissue structures in this interval and deep to the deltoid muscle are the subacromial (subdeltoid) bursa, the tendon of the supraspinous muscle, and the superior aspect of the glenohumeral joint capsule. Even though each of these structures is palpable, each is palpated simultaneously with the others. As a result, distinguishing them is difficult. The tendon of the long head of the biceps brachii muscle also passes through this space. It is positioned somewhat anteriorly and is largely under the acromion, so it is palpable only in the intertubercular groove of the humerus.

Most neurovascular structures in the shoulder region are difficult to palpate because they are separated from the surface by a variety of other structures. However, the main neurovascular bundle that supplies the upper limb passes through the axilla, where it can be palpated with the arm moderately elevated. This bundle consists of the axillary artery and the median, ulnar, and radial nerves.


Arm and Elbow

The bones of the arm (see Fig. 5-4) and elbow (Figs. 5-6 and 5-7) region consist of the distal half of the humerus and proximal aspects of the radius and ulna. Because the humerus widens significantly at its distal end, the medial and lateral humeral epicondyles are easily palpable as the most pronounced medial and lateral prominences at the elbow. The soft tissue masses associated with these epicondyles are the common tendons of origin of the superficial flexor (medial) and superficial extensor (lateral) muscles of the forearm. From each of these epicondyles, the supracondylar ridges can be followed proximally for approximately 4 or 5 cm. Posteriorly, the olecranon process of the ulna forms the point of the elbow. From this process, the shaft of the ulna can be followed distally because it is subcutaneous throughout its length.
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Figure 5-6 Anterior view of the left elbow.
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Figure 5-7 Posterior view of the right shoulder, arm, and elbow. Extension at the elbow is moderately resisted.



The location of the elbow joint can be determined both medially and laterally. The lateral joint line is marked by a depression distal to the lateral epicondyle between the capitulum and the head of the radius; the location of the radial head can be confirmed by supination and pronation of the forearm. Just distal to the radial head, the radial neck narrows to the shaft, which is deep to the lateral forearm musculature. The depression formed by the joint line is less distinct laterally than either anteriorly or posteriorly because of a thickening of the lateral aspect of the joint capsule—the lateral (radial) collateral ligament. The medial joint line of the elbow is less distinct because the medial epicondyle is prominent. In addition, the posterior and distal aspects of the epicondyle are commonly sensitive because of the presence of the ulnar nerve.

The muscles of the arm are separated into anterior and posterior groups by medial and lateral intermuscular septa. The lateral septum extends from the deltoid tuberosity to the lateral humeral epicondyle, and the location of the medial septum is marked by the medial neurovascular bundle, which continues from the axilla. Although there are three muscles in the anterior compartment, the biceps brachii is the most superficial; therefore its belly is readily palpable, particularly with resisted forearm flexion and supination. The triceps brachii occupies virtually the entire posterior compartment and is readily palpable throughout the posterior arm. Even its three heads can be identified (i.e., the lateral head proximally and laterally, the long head proximally and medially, and the medial head distally on either side of the triceps tendon).

The muscles of the forearm are separated into anterior and posterior groups even though their positions are not truly anterior and posterior. The anterior muscles are medial proximally and anterior distally; the posterior muscles are lateral proximally and posterior distally. Only a few of the forearm muscles can be palpated individually in the proximal forearm because they either have common tendons of origin or are deep to other structures. At the wrist, however, several of their tendons can be readily identified. Proximally and medially, the pronator teres can be palpated with resisted pronation; it feels like a distinct cord passing obliquely laterally from the medial epicondyle to the radius. It forms the medial boundary of the cubital fossa. Of the lateral muscles, the brachioradialis is most prominent. It is obvious when the forearm is flexed with the forearm midway between supination and pronation.

The cubital fossa is the triangular depression in front of the elbow. Its medial and lateral borders are the pronator teres and brachioradialis muscle, respectively; its proximal border is a line between the humeral epicondyles. With the exception of the ulnar nerve, which enters the forearm by passing posterior to the medial epicondyle, the major neurovascular structures of the forearm and hand pass through this fossa. The tendon of the biceps brachii disappears into the center of the fossa. From this tendon, a fibrous band, the bicipital aponeurosis (lacertus fibrosus), passes medially to blend with the investing fascia of the forearm. The sharp proximal border of this aponeurosis can easily be identified when forearm flexion is resisted. The brachial pulse can be felt on the medial side of the biceps tendon, and the median nerve is between the tendon and the artery. Both the nerve and artery pass deep to the bicipital aponeurosis. The median cubital vein is superficial to the aponeurosis as it passes obliquely across the front of the elbow. This vein interconnects the major superficial veins of the upper limb (i.e., the cephalic vein laterally and the basilic vein medially).


Forearm and Wrist

As mentioned, the ulna is palpable for its entire length, ending distally in the dorsomedially positioned styloid process. The radius cannot be palpated through most of the forearm, but at its distal end, it has two major landmarks. The most distal aspect of either forearm bone is the styloid process of the radius, which is easily felt on the lateral aspect of the wrist (Figs. 5-8 through 5-12). The dorsal radial (Lister’s) tubercle is the most apparent dorsal prominence. This tubercle is easy to locate when the thumb is extended because the tendon of the extensor pollicis longus makes a turn around the ulnar side of the tubercle.
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Figure 5-8 Ventral, or palmar, view of the right wrist and hand with the digits extended.
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Figure 5-9 Dorsomedial view of the distal aspect of the right forearm, wrist, and hand, with the digits extended.
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Figure 5-10 Dorsal view of the distal aspect of the right forearm, wrist, and hand, with the digits extended.
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Figure 5-11 Palmar view of the distal right forearm, wrist, and hand. The fingers are flexed forcefully to reveal the tendons of certain forearm muscles.
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Figure 5-12 Palmar view of the distal right forearm, wrist, and hand. The hand is clenched into a strong fist.



Dorsally, the distal end of the radius forms a transverse ridge that marks the junction with the carpus or the radiocarpal joint. This ridge becomes more prominent when the hand is slightly flexed. Because the distal surface of the radius is concave (dorsal to palmar) and the dorsal aspect extends considerably more distally than the palmar aspect, the more proximal carpal bones are somewhat hidden by this dorsal ridge of the radius when the hand is extended. With the hand in the neutral position or slightly flexed, a depression is apparent just distal to the radius approximately in line with the third ray. This depression marks the interval between the radius and the base of the third metacarpal and contains the lunate proximally and capitate distally. The scaphoid forms the floor of the anatomic snuffbox. Palpation of this bone commonly produces moderate discomfort.

On the palmar side, the junction of the forearm and carpus along with the location of the carpal tunnel can be determined. The radiocarpal joint is located at the level of the proximal palmar skin crease of the wrist. The distal skin crease approximates the proximal border of the carpal tunnel. All four major bony attachments of the transverse carpal ligament (deep flexor retinaculum) can be identified. The pisiform is just distal to the distal carpal crease on the ulnar side. The hamulus (hook) of the hamate is slightly distal and lateral to the pisiform; it also is deeper than the pisiform, and its palpation may produce some discomfort because of the proximity of the ulnar nerve. On the radial sides, the distal crease separates the tubercles of the scaphoid and trapezium; both tubercles are approximately in line with the tendon of the flexor carpi radialis.

On the palmar aspect of the wrist the tendons of three muscles are both constant and reliable landmarks. The tendon of the flexor carpi radialis is large, crosses the wrist just lateral to the center, and is clearly visible when flexion of the hand is resisted. On the extreme ulnar side, the tendon of the flexor carpi ulnaris is directly in line with the pisiform. This tendon becomes more apparent with resisted flexion and ulnar deviation of the hand. The tendons of the flexor digitorum superficialis (sublimis) occupy the interval between the tendons of the flexor carpi radialis and flexor carpi ulnaris muscles. These tendons are arranged side-by-side and occupy most of the interval.

The tendon of the palmaris longus, which is present in approximately 85% of the population, is the most superficial tendon on the palmar aspect of the wrist. It is located on the ulnar side of the tendon of the flexor carpi radialis and superficial to the lateral tendon(s) of the flexor digitorum superficialis. The tendon of the palmaris longus becomes more prominent when the hand is slightly flexed and “cupped.”

On the palmar wrist, the median nerve is in a deep position between the tendons of the flexor carpi radialis and the palmaris longus. When the palmaris longus is not present, the nerve is just ulnar to the tendon of the flexor carpi radialis. A very small branch of the median nerve, the palmar branch, arises from the radial side of the main trunk in the distal third of the forearm. This branch enters the hand superficially (not through the carpal tunnel) in line with the radial side of the median nerve or the radial side of the middle finger. In the distal forearm, the ulnar nerve and artery are deep to the flexor carpi ulnaris muscle. At the wrist, the nerve is deep to this tendon and the artery is just radial. The two structures then pass radial to the pisiform and ulna to the hook of the hamate as they pass through Guyon’s canal. Although the radial artery does not cross the palmar aspect of the wrist, its pulse is easily palpable 2 to 3 cm proximal to the wrist on the radial side of the tendon of the flexor carpi radialis.

The extensor tendons entering the hand cross both the radial and dorsal aspects of the wrist. The tendons of the abductor pollicis longus and extensor pollicis brevis typically occupy a common compartment as they cross the wrist. These two tendons are positioned superficial to the radial styloid as the most volar tendons on the radial aspect of the wrist. The tendon of the extensor pollicis longus muscle is apparent when the thumb is extended. This tendon crosses the wrist just ulnar to Lister’s tubercle, then immediately turns radially as it passes toward the thumb. Along with the tendons of the abductor pollicis longus and extensor pollicis brevis, the tendon of the extensor pollicis longus forms the boundaries of the anatomic snuffbox. The tendons of the extensor carpi radialis longus and brevis muscles can be palpated just distal to the radius, in line with the index and middle fingers, respectively. Because both tendons are deep to other tendons, they are most apparent when extension of the hand is resisted while the fingers and thumb are relaxed. The tendons of the extensor digitorum are easily palpated after they are visualized; extension of the fingers makes them readily apparent. The most medial tendon is that of the extensor carpi ulnaris. It is in line with the ulnar styloid and bridges the indentation between that prominence and the base of the fifth metacarpal.

Other than the more deeply positioned radial artery, the neurovascular structures crossing the dorsal aspect of the wrist all are found in the subcutaneous tissue. The radial artery passes through the anatomic snuffbox, deep to all of the bordering tendons. Superficial veins contributing to both the cephalic and basilic veins usually can be observed on the lateral and medial aspects of the wrist, respectively. The superficial radial nerve crosses the dorsolateral aspect of the wrist. It usually can be palpated about midway between Lister’s tubercle and the metacarpophalangeal joint of the thumb, where it crosses the tendon of the extensor pollicis longus muscle.


Hand

Like the palmar wrist, the palmar aspect of the hand has skin creases that are consistently present and helpful in localizing deeper structures (see Figs. 5-8 through 5-12). The palm has three such creases, which usually appear to share a common point of origin at approximately the metacarpophalangeal joint of the index finger. The distal volar flexor crease extends across the palm from that point and marks the locations of the metacarpophalangeal joints. The proximal volar flexor crease is more oblique in position than the distal crease and ends at about the hypothenar eminence. The thenar crease outlines the border of the thenar eminence. The four fingers have three creases each. The proximal digital crease is located at the web space, and the middle and distal creases are at the proximal and distal interphalangeal joints, respectively.

The approximate locations of the two arterial arches in the palm can be determined in the following manner. The superficial palmar arterial arch is at about the level of the proximal flexor crease in the center of the palm; this location also corresponds to the distal surface of the fully extended thumb. The deep palmar arterial arch is approximately the width of a finger proximal to the distal arch.

The nerves of the palm are the median and ulnar nerves. The main trunk of the median nerve, at the distal end of the carpal tunnel, is aligned with the middle finger. At that point, it separates into terminal branches. The motor (recurrent, thenar) branch recurs into the thenar musculature and is located midway between the first metacarpophalangeal joint and the pisiform. The digital branches of the median nerve pass toward the first, second, and third web spaces.

The ulnar nerve, after passing radial to the pisiform and ulnar to the hook of the hamate, bifurcates into superficial and deep branches. The superficial branch continues distally toward the fourth web space. Another branch, a proper digital nerve, passes toward the ulnar side of the little finger. The deep branch of the ulnar nerve passes deep and accompanies the deep arterial arch.

The proper palmar digital nerves and arteries, branches of both the median and ulnar nerves, provide the major nerve and arterial supplies to the digits. These nerves and vessels are located on both the ulnar and radial sides of the palmar aspects of the digits.

Only a small number of the intrinsic muscles of the hand can be palpated. In the most radial aspect of the thenar compartment, the abductor pollicis brevis is apparent when abduction of the thumb is resisted. With flexion of the thumb, the flexor pollicis brevis can be felt in the thenar compartment, in line with the flexor surface of the thumb. The abductor digiti minimi and flexor digiti minimi are apparent with abduction and flexion of the little finger, respectively. Two muscles can be distinguished in the first web space. Dorsally, the first dorsal interosseous is easily palpated with abduction of the index finger. In the palmar aspect of that web space, the distal aspect of the adductor pollicis is visible when thumb adduction is resisted.
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CRITICAL POINTS

▪ Observation, visual inspection, and palpation provide information regarding the patient’s general health status and present condition.

▪ Therapists and surgeons need to obtain a thorough patient history so that they can understand the patient’s problem and how it affects the patient physically, psychologically, and economically.

▪ Perform a systematic examination, documenting and organizing the results well.

▪ Include medical screening and systems review with all patients.



Clinical examination of the hand is a basic skill that both the surgeon and the therapist should master. To do so, it is necessary to understand the functional anatomy of the hand. A thorough history, a systematic examination, and knowledge of disease processes that affect the hand minimize the examiner’s diagnostic dilemmas. Radiographs, CT scans, MRI scans, electrodiagnostics, and specialized laboratory tests are ancillary tools that only confirm a diagnosis that has been made on a clinical basis (see Chapters 13 and 15).

An organized approach and clear and concise records are of paramount importance. Either line drawings of the deformities or clinical photographs should be prepared for each new patient examined. Digital photographs may be a more efficient means for storage with electronic medical records. Range of motion (ROM) of the affected parts should be recorded and dated, ideally in a table format. Any discrepancy between active and passive motion, if present, also should be noted. A good hand examination is useless if the results are not recorded accurately.

This chapter outlines one approach to examination of the hand. The most important points already have been made: perform a systematic, organized clinical examination and record the results accurately and clearly.


History

Before a patient’s hand is examined, an accurate history must be taken. The patient’s age, hand dominance, occupation, and avocations are elicited. Another option for determining hand dominance is to administer the Waterloo Handedness Questionnaire (see Fig. 12-3).1 If the patient has had an injury, the exact mechanism as well as the time and date of the injury and prior treatments are recorded. Prior surgical procedures, infections, medications, and therapy also are noted. After this background information is obtained, the patient is questioned specifically regarding the involved hand and extremity, including a pain interview. (See Box 114-1 and Chapter 114 for additional information on pain assessment.) Open-ended questions about the present signs and symptoms are included to determine what the patient is not able to do now that he or she could do before the injury or what brought the patient to the surgeon or therapist. Questions related to the history of present illness allow the clinician to develop a hypothesis about the level of irritability. Low irritability is defined as minimal to no pain at rest, transient pain with movement, and symptoms that are not easily provoked. Highly irritable conditions present with resting pain, higher pain levels with activity, and decreased mobility. The level of irritability determines how vigorously the surgeon or therapist may perform the tests and measures during the physical examination and direct treatment goals.

What are the patient goals? This question is extremely important. The patient’s reply assists the clinician in determining whether the patient has a realistic understanding of the true nature of the injury. Unrealistic expectations can never be fulfilled and result in both disappointment and frustration for both the patient and the therapist and surgeon. During this interview, it is also important to assess the effect that the injury or disease process has on the patient’s family and economic and social life. Patients who have litigation pending or possible significant secondary gain may be poorly motivated and are not optimal candidates for elective hand surgery. Successful hand surgery requires precise surgical techniques followed by expert hand therapy in conjunction with a well-motivated, compliant patient.

The patient’s pertinent medical history is obtained to determine general health status, especially regarding comorbidities that may affect the patient’s recovery or increase surgical risks? Additional questions should be asked about current medications (prescription and nonprescription), allergies, and lifestyle choices (smoking, alcohol use, or substance abuse). Current practice trends require hand surgeons and therapists to do medical screening and review of systems.2 This is a key component in medical education and training; however, it is a recent addition to the entry-level education for therapists, especially physical therapists. More information is provided later in this chapter.

The patient’s social history should be obtained. What is his support system? How well do the patient and his family understand the injury and required care? What are his avocational interests? The patient’s economic status may also influence ability to comply with therapy and follow-up care. What is his insurance coverage or co-pay amount? Does he have a limited number of authorized visits? Does his injury present a financial hardship or limit his ability to care for children or elderly parents?

If the patient is working, information should be gathered about his job description, physical demands, or essential functions, and the last date worked even if the injury is not work-related. This information may indicate the presence of risk factors associated with the injury. Therapists and surgeons can use these data to outline a plan of care that incorporates appropriate modified duty work, if available, and the use of work-oriented tasks in the clinic to keep the patient on track to return to full duty. Although it may be too early in the examination process to discern a return to work date, an experienced clinician can usually tell how motivated the patient is to return to his job based on the patient’s answers regarding employment. Patient’s who are receiving compensation for an injury or illness may be more difficult to treat, more likely to have a prolonged course of rehabilitation, and more likely to become disabled than patients with similar conditions who are not receiving compensation.3

Self-report health-related outcome measures such as Disabilities of the Arm, Shoulder, and Hand (DASH),4 Carpal Tunnel Instrument,5 or Michigan Hand Outcomes Questionnaire (MHQ)6 can serve as valuable tools for gathering information on pain, function, activity participation, disability, and patient satisfaction.7,8 These measures have all proven to be reliable and valid.4-6 The Carpal Tunnel Instrument is a condition-specific measure, whereas the DASH and MHQ are region-specific. Global measures such as the SF-36 and patient-specific scales that contain no standardized questions may also be used.7,8 These questionnaires can be invaluable in gathering information about problems with activities of daily living (ADL), such as toileting or sexual activity. Patients are not usually comfortable addressing these issues upfront. It is important for the examiner to become familiar with self-report health-related outcome measures to determine which would be most useful and clinically relevant for the patient. Chapter 16 discusses the measurement issues and use of outcome measurement in the upper extremity.

The history is completed only after the surgeon or therapist has a complete understanding of the patient’s problem and how it affects the patient physically, psychologically, and economically.

Physical Examination

Observation, Inspection, and Palpation

Hands are used to interact with the surrounding environment and for communication. People “actively” use their hands for a variety of functional activities. “Passively” the hands communicate to clinicians about the health status of their patients. When examining a patient’s upper extremity, one must be able to observe the shoulder, arm, forearm, and hand. Therefore, the patient’s entire upper extremity should be exposed. The gross appearance of the entire extremity is inspected. Table 6-1 outlines the physical characteristics of the skin and musculoskeletal tissues that should be observed, inspected, and palpated during the physical examination to determine the presence of diseases such as arthritis, impairments such as edema and loss of motion, as well as level of irritability.

Table 6-1 Physical Characteristics of the Skin and Musculoskeletal Tissues That Should Be Observed, Inspected, and Palpated During the Physical Examination





	General Observations

	Clinical Significance




	
Hand relationship to the body

How does the patient carry the arm?

Is there spontaneity or ease of movement?


	Cradling the arm or guarded posture is a sign of patient apprehension to movement typically due to high levels of pain associated with a high level of irritability.




	
What is the quality of the movement?

Is the patient using substitution patterns with movement?


	Signs of muscle weakness or loss of motion that may be related to nerve injury, disuse, or joint contracture




	Is the patient able to place his or her hand in a functional position?

	If not, the elbow and shoulder motion may be limited and should be examined. If the hand cannot be placed in a functional position, a brilliantly reconstructed hand is useless.




	Visual Inspection

	Clinical Significance




	Muscle atrophy

	Muscle weakness due to disuse or nerve injury




	Blisters and small cuts

	Sign of decreased cutaneous sensibility due to nerve injury




	Needle marks

	Indication of current or previous substance abuse or the use of injectable prescription medication for disease such as insulin-dependent diabetes




	Wounds and scars

	Scars indicate previous injuries or surgeries. Wounds may indicate decreased cutaneous sensibility.




	Skin color, tone, moisture, and trophic changes

	Sympathetic signs of nerve injury. Dry skin indication of peripheral nerve laceration. Increased sweating (hyperhidrosis) sign of increased sympathetic activity that may be related to complex regional pain syndrome (CRPS).*




	
	Color changes due to metabolic conditions or disease




	
	Skin that has been denervated has lost its autonomic input. The finger pulp becomes atrophic, smooth, and dry, with relative loss of dermal ridges.




	
	Denervated skin does not wrinkle when placed in warm water (the “wrinkle test”).31




	Normal skin creases or ridges

	Diminished due to presence of edema or trophic changes of the skin associated with nerve injury




	
Are the nails ridged, pitted, or deformed?

Is there correct rotational alignment of the nail plates?


	Nail changes linked to chronic diseases of the kidney, liver, respiratory system. Spoon nails found in patients with iron deficiency. Changes may be related to peripheral nerve injury.




	Edema, hematoma, ecchymosis

	Indicates acute tissue injury and healing




	Loss of resting attitude of the hand

	Indicates a tendon laceration, a contracture, or peripheral nerve injury




	Contractures

	Loss of motion




	Gross deformities

	Congenital, acquired, traumatic




	Preservation of hand arches

	Flattening of the aches associated with intrinsic muscle atrophy due to nerve injury or disuse




	Palpation

	Clinical Significance




	Temperature

	
Warm temperature is a sign of acute inflammation.





	
	
Cool temperature is a sign of decreased blood flow; may be vasomotor instability.





	Nodules, tumors

	Likely benign lesions that may be associated with wrist instability, arthritis, Dupuytren’s or other soft tissue conditions




	Edema

	Pitting edema leaves depressions with palpation.




	
	Brawny edema is immobile and hard to palpate.




	Capillary refill

	Skin should blanch when palpated and resume normal color when pressure removed.




	Skin mobility

	Lack of mobility due to fibrosis, scar, and edema




	Scar

	Painful to touch (tactile allodynia) indicates hypersensitivity.





*See Table 14-4 in archived Chapter 14 in the fifth edition located on companion Web site.

Skin and nail changes may be associated with chronic diseases of the kidney or liver as well as the respiratory system.2 A review of systems and past medical history should determine the associated condition. These changes are chronic, and the patient should already be aware of the condition. Normally, with the hand resting and the wrist in neutral, the fingers are progressively more flexed from the radial to the ulnar side of the hand. A loss of the normal resting attitude of the hand can indicate a tendon laceration, a contracture, or, possibly, a peripheral nerve injury (Fig. 6-1).
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Figure 6-1 A, Normal attitude of the hand in a resting position. Notice that the fingers are progressively more flexed from the radial aspect to the ulnar aspect of the hand. B, This normal attitude is lost because of contractures of the digits as a result of Dupuytren’s disease.




Edema

Another important component of the clinical examination of the hand is to assess edema if noted on visual inspection. Edema may be assessed using circumferential or volumetric measurements. Volumetry is primarily used if the entire hand is edematous, but not for an isolated finger. Chapters 63 through 65 present detailed information on the examination and management of edema and lymphedema in the hand and upper extremity.


Range of Motion

The motion of the entire upper extremity and cervical region should be screened with hand injuries and compared with that of the opposite side for possible loss of motion and pain. Joints that demonstrate loss of active or passive motion (or both) should be measured with an appropriately sized goniometer.9 Measurements have been shown to be relatively reliable within and between examiners; intrarater and inter-rater variability is in the range of 5 to 10 degrees.10 If possible, the same examiner should take measurements.

Digital motion is typically assessed with the metal finger goniometer placed on the dorsal aspect of the phalanges (Fig. 6-2). If it is not possible to place the goniometer on the dorsal aspect of the digit, then a lateral goniometer placement may be used and this exception should be documented. When possible, active measurements of the finger joints are taken in a composite manner by asking the patient to make a fist for flexion and then straighten the hand for extension. Isolated motions may be performed for an individual joint, typically with stabilization of the proximal joint; however, this should be recorded (Fig. 6-3).
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Figure 6-2 Digital motion is typically assessed with the metal finger goniometer placed on the dorsal aspect of the phalanges A, Measuring metacarpophalangeal flexion with the hand in composite flexion. B, Measuring proximal interphalangeal joint flexion with the hand in composite flexion.
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Figure 6-3 A, A finger goniometer is used to measure the range of motion (ROM) of the interphalangeal (IP) joint of the thumb. B, A finger goniometer is used to measure the ROM of the proximal IP joint of the index finger. Note proximal joint stabilization.



Total active motion (TAM) and total passive motion (TPM) measurements can be assessed for the individual digits. TAM is calculated by adding the composite flexion measurement of the metacarpophalangeal (MCP), proximal interphalangeal (PIP), and distal interphalangeal (DIP) joints and subtracting the sum of any extension deficits at these joints.11 TPM is computed the same way, except passive measurements are used. Both TAM and TPM provide relevant data on composite motion of the finger and allow ease of comparison over time. This type of documentation is frequently used in research.

Goniometry manuals should be reviewed for detailed information on measuring joint motion of the hand and upper extremity.12,13 When measuring carpometacarpal (CMC) motion of the thumb, some manuals describe the procedures differently. The starting angle for CMC extension or abduction is never 0 degrees; it is typically 25 to 30 degrees. Some manuals direct the clinician to measure the starting angle and subtract it from the measurements at the end of the available ROM. Some manuals just recommend that the examiner measure the end range motion. In terms of clinical relevance, only the end range motion is significant as it correlates with the patient’s ability to open the first webspace. Therapists and surgeons working together should agree on a standard procedure for their patients to allow comparison of measurements.

If motion is lacking, the distance from the tip of the finger to the distal palmar crease (DPC) is measured. If the finger touches the palm but does not reach the crease, as occurs with profundus tendon disruption, this should be noted, and the distance from the tip of the finger to the DPC should be recorded; however, it should be stated that the finger did touch the palm but did not reach the DPC (Fig. 6-4).
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Figure 6-4 A ruler is used to measure the distance of the pulp of the finger from the distal palmar crease. Active and passive motions should be noted and recorded.



After all active and passive motions have been examined; the wrist is flexed and extended to see if the normal tenodesis effect is present. In an uninjured hand, when the wrist is flexed, the fingers and the thumb extend, and as the wrist is extended, the fingers assume an attitude of flexion and the thumb opposes the fifth digit (Fig. 6-5). This is an automatic motion of the hand and requires only that the patient be relaxed. The alignment of the digits is then inspected. The nail plates all should be parallel to one another, and their alignment should be similar to that of the other hand. Each finger should point individually to the scaphoid tuberosity, and the longitudinal axis of all fingers when flexed should point in the direction of the scaphoid (Fig. 6-6).
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Figure 6-5 Tenodesis of the hand. In an uninjured hand (A), on wrist extension the fingers and thumb flex, and (B), on flexion of the wrist the thumb and fingers extend. In the presence of a tendon laceration, contractures of the joints, or adhesions of the flexor or extensor systems, the normal tenodesis effect is lost. This test can be performed actively by the patient or passively by the examiner.
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Figure 6-6 A, On flexion the tip of the fifth finger points directly to the scaphoid tuberosity, as do all the fingers when individually flexed. B, When all the digits are flexed simultaneously, the finger tips come together distal to the tuberosity, but the longitudinal axes of all fingers converge at an area proximal to the scaphoid tuberosity because of crowding of the adjacent digits. If there is a malunited fracture, the rotational alignment will be off and often there will be crossover of the digits.




Muscle Testing

The hand is powered by intrinsic and extrinsic muscles. The extrinsic muscles have their origin in the forearm and the tendinous insertions in the hand. The extrinsic flexors are on the volar side of the forearm and flex the digits and the wrist. The extrinsic extensors originate on the dorsal aspect of the forearm and extend the fingers, thumb, and wrist. The intrinsic muscles originate and insert in the hand. These include the thenar and hypothenar muscles as well as the lumbricals and the interossei. The thenar and hypothenar muscles help position the thumb and the fifth finger and also aid in opposition of the thumb and with pinch. The interossei assist in abduction and adduction of the digits. The interossei flex the MCP joints and extend the interphalangeal (IP) joints along with the lumbricals.


Extrinsic Muscle Testing—The Extrinsic Flexors

As each specific extrinsic muscle–tendon unit is tested, its strength should be graded and recorded (Table 6-2). The extrinsic muscles should be tested with respect to gravity, but this is not essential for the intrinsic muscles. Note tendon excursion during muscle contraction, which is reflected in ROM of the joints that the tendon acts on.

Table 6-2 Manual Muscle Testing Grades for Hand Muscles
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ROM, range of motion.

It is not necessary to test each hand muscle during examination. Key muscles for each nerve, radial, ulnar, and median, can be selected for screening. For each nerve, select one muscle that is innervated proximally (“high”) and one muscle that is innervated distally (“low”). Table 6-3 provides examples. If nerve injury is present, all muscles innervated by the injured nerve should be assessed to determine the level of injury and to document return.

Table 6-3 Key Muscles to Screen for Peripheral Nerve Function
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The flexor pollicis longus (FPL) long flexor of the thumb flexes the IP joint of the thumb. This muscle is tested by asking the patient to actively flex the last joint of his thumb (Fig. 6-7).
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Figure 6-7 Testing the flexor pollicis longus. A, With the thumb in a position of full extension at the interphalangeal joint. B, The patient is asked to actively flex this joint. C, It is also important to note whether the motion is obtained with or without blocking of the proximal joint by the examiner. This applies not only to testing the flexor pollicis longus but also to testing all other flexor systems because more power and motion can be obtained when blocking is used.



The flexor digitorum profundus of the fingers are then tested, in sequence, by having the patient flex the DIP joint of the finger being tested while the examiner holds the digit in full extension and blocks motion at the PIP joint and the MCP joint. During the testing of each profundus tendon, the other fingers may unintentionally flex due to the common muscle belly of the long, ring, and small finger profundus tendons, and this is permitted (Fig. 6-8).
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Figure 6-8 Profundus test. A, The flexor digitorum profundus tendon flexes the distal interphalangeal joint. B, With the metacarpophalangeal joint and the proximal interphalangeal joint held in extension by the examiner, the patient is asked to flex the distal interphalangeal joint. (Redrawn from Hoppenfeld S: Physical Examination of the Spine and Extremities. New York: Appleton-Century-Crofts, 1976.)



The flexor digitorum superficialis of each finger is then tested. The examiner must hold the adjacent fingers in full extension. The PIP joint of the finger being tested is not blocked (Fig. 6-9). If the flexor system is functioning properly, the PIP will flex and the DIP joint will remain in extension. The fifth finger often has a deficient superficialis.14 That is, it is not strong enough to flex the IP joint: on testing, the MCP joint flexes and the DIP joint and the PIP joint remain in extension. In the presence of a deficient superficialis tendon of the fifth digit, simultaneous testing of the fourth and fifth digits often reveals normal superficialis function of the fourth digit.
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Figure 6-9 Superficialis test. A, The flexor digitorum superficialis tendon flexes the proximal interphalangeal (PIP) joint. B, The examiner must hold the adjacent fingers in full extension while asking the patient to flex the finger being tested. If the flexor system is functioning normally, the PIP joint will flex, while the distal interphalangeal joint remains in extension. (Redrawn by permission from Hoppenfeld S: Physical Examination of the Spine and Extremities. New York: Appleton-Century-Crofts, 1976.)



The flexors of the wrist can be tested by having the patient flex the wrist against resistance in a radial and then in an ulnar direction while the examiner palpates each tendon. The flexor carpi radialis (FCR) is palpated on the radial side of the wrist, and the flexor carpi ulnaris (FCU) is palpated on the ulnar side of the wrist. The palmaris longus tendon can be palpated just ulnar to the FCR tendon.


Extrinsic Muscle Testing—The Extensors

As previously stated, the extensors of the digits and the wrist originate on the dorsal aspect of the forearm and pass through six discrete retinacular compartments at the dorsum of the wrist before their insertions in the hand.

The first dorsal compartment contains the abductor pollicis longus (APL) and the extensor pollicis brevis (EPB) tendons. The APL usually has multiple tendon slips and inserts on the base of the first metacarpal. It often has insertions on the trapezium. The EPB often runs in a separate compartment within the first dorsal compartment. The EPB and APL function in unison and are responsible for abduction of the first metacarpal and extension into the plane of the metacarpals. The EPB is also an extensor of the MCP joint of the thumb. These musculotendinous units are tested by asking the patient to bring the thumb “out to the side and then back.” Pain in the area of the first dorsal compartment and radial styloid is common and often a result of stenosing tenovaginitis of these tendons. This was first described by de Quervain in 1895 and now is a well-established clinical entity that bears his name. In 1930, Finkelstein stated that acute flexion of the thumb and deviation of the wrist in an ulnar direction produces excruciating pain at the first dorsal compartment, near the radial styloid, in patients who had stenosing tenovaginitis. This examination is now universally known as Finkelstein’s test15 (see Fig. 7-9). The extensor carpi radialis longus and brevis run in the second dorsal compartment. The longus inserts on the base of the second metacarpal and the brevis on the third. These are tested by asking the patient to make a tight fist and to strongly extend or dorsiflex the wrist. The two tendons are then palpated by the examiner.

The extensor pollicis longus (EPL) runs in the third dorsal compartment. This tendon both extends the IP joint of the thumb and adducts the first ray. The tendon passes sharply around Lister’s tubercle and may rupture spontaneously after a distal radius fracture or in rheumatoid arthritis.16 Its function is tested by placing the patient’s hand flat on the examining table and having him or her lift only the thumb off the table. The EPL can be visualized and palpated (Fig. 6-10A).
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Figure 6-10 A, The extensor pollicis longus (EPL) tendon is tested by placing the patient’s hand flat on the examining table and asking the patient to lift the thumb off the table. The EPL can then be visualized and palpated. B, Note that the EPL serves as the ulnar border to the anatomic snuff box and the extensor pollicis brevis and abductor pollicis longus create the radial border.



The area of the wrist just distal to the radial styloid and bounded by the EPL ulnarly and the APL and EPB radially is known as the anatomic snuffbox (Fig. 6-10B). In this area runs the dorsal branch of the radial artery. A sensory branch of the radial nerve also passes over this area. The scaphoid can be palpated in the base of the snuffbox. Tenderness in this area is suggestive of an acute scaphoid fracture or a painful scaphoid nonunion. However, strong pressure over this area results in pain in the normal individual caused by pressure on the sensory radial nerve and dorsal branch of the radial artery.

The fourth dorsal compartment contains the extensor indicis proprius (EIP) and the extensor digitorum communis (EDC). These tendons are responsible for extension of the MCP joints of the fingers. The EIP allows independent extension of the index MCP joint. The EIP is tested by having the patient extend the index finger while the other fingers are flexed into a fist. The mass action of the EDC tendons is tested by having the patient extend the MCP joints. This test is performed with the IP joints flexed because the PIP joints are extended by the intrinsic muscles and not the long extensors of the hand. This may be a source of confusion to an inexperienced examiner. Patients with a high radial nerve palsy are still be able to extend the IP joints through the intrinsics.

The fifth dorsal compartment contains the extensor digiti minimi (EDM), which is responsible for independent extension of the MCP joint of the little finger. It is tested by having the patient extend the fifth finger while the others are flexed. Because the EDM and the EIP work independently of the communis tendons, most examiners test them simultaneously by having the patient extend the index and fifth fingers while the middle and ring fingers are flexed.

The sixth dorsal compartment contains the extensor carpi ulnaris (ECU), which inserts into the base of the fifth metacarpal and helps extend the wrist in an ulnar direction. This is tested by having the patient pull the hand dorsally and in an ulnar direction while the examiner palpates the tendon.


Intrinsic Muscle Testing

The intrinsic musculature of the hand consists of the thenar and hypothenar muscles and the lumbricals and the interossei. All of these muscles originate and insert within the hand. There is a delicate balance between the intrinsic and extrinsic muscles, which is necessary for normal functioning of the hand.

The thenar muscles consist of the abductor pollicis brevis (AbPB), the flexor pollicis brevis (FPB), the opponens pollicis (OP), and the adductor pollicis (AdP). These muscles position the thumb and help perform the complex motions of opposition and adduction of the thumb.17 Opposition, according to Bunnell, takes place in the intercarpal, CMC, and MCP joints.18 All three of these joints contribute to the angulatory and rotatory motions that produce true opposition. If one observes the thumb during opposition, it first abducts from the hand and then follows a semicircular path. The thumb pronates, and the proximal phalanx angulates radially on the first metacarpal. If the nail plate is observed, one can see that before beginning opposition, the thumbnail is perpendicular to the plane of the metacarpals. At the end of the opposition, the thumbnail is parallel to the plane of the metacarpals. During adduction, the thumb sweeps across the palm without following the semicircular path. The nail plate remains perpendicular to the plane of the metacarpals at all times. Because opposition is median nerve innervated and adduction is usually ulnar nerve innervated, one can easily see the difference between these two motions by comparing the hands of a patient with a longstanding low median nerve palsy on one side (Fig. 6-11).


[image: images]

Figure 6-11 Hands of a patient with a low median nerve palsy on the right side, resulting from a longstanding carpal tunnel syndrome. Notice that in attempted opposition, the nail plate is perpendicular to the plane of the metacarpals on the affected side (right), while the nail plate is parallel to the plane of the metacarpals on the normal side (left). Tip-to-tip pinch is impossible on the side with the loss of opposition.



Opposition is tested by having the patient touch the tip of the thumb to the tip of the little finger. At the end of opposition, the thumbnail should be perpendicular to the nail of the little finger and parallel to the plane of the metacarpals.

The AbPB, which is the most radial and superficial of the thenar muscles, is usually the first to atrophy with severe median-nerve dysfunction, such as that resulting from a longstanding carpal tunnel syndrome. This muscle can be tested by having the patient abduct the thumb while the examiner palpates the muscle.

Thumb adduction is performed by the adductor pollicis (AdP), which is an ulnar-nerve-innervated muscle. This muscle, in combination with the first dorsal interosseus, is necessary for strong pinch. The adductor stabilizes the thumb during pinch and also helps extend the IP joint of the thumb through its attachment into the dorsal apparatus. Thumb adduction can be tested by having the patient forcibly hold a piece of paper between the thumb and the radial side of the proximal phalanx of the index finger. When adduction is weak or nonfunctional, the IP joint of the thumb flexes during this maneuver; this is known as Froment’s sign19 (Fig. 6-12). Froment’s sign is an indication of weak or absent adductor function. Jeanne’s sign is hyperextension of the MCP joint of the thumb during pinch.19
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Figure 6-12 Patient with low ulnar nerve palsy on the right. Weakness of pinch is demonstrated by Froment’s and Jeanne’s signs on the affected side (right). (Photo courtesy of Mark Walsh, PT, DPT, MS, CHT, ATC.)



The hypothenar muscles consist of the abductor digiti minimi, the flexor digiti minimi, and the opponens digiti minimi. The abductor and flexor aid in abduction of the fifth digit and in MCP joint flexion of that digit. The deeper opponens digiti minimi aids in adduction and rotation of the fifth metacarpal during opposition of the thumb to the fifth finger. This helps cup the hand during grip and opposition. The hypothenar muscles are tested as one unit by having the patient abduct the little finger while the examiner palpates the muscle mass (Fig. 6-13).
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Figure 6-13 Testing function of the hypothenar muscles by having patient abduct the fifth digit.



The anatomy of the interossei is very complex, with much variation in their origins and insertions. There are seven interossei: four dorsal and three palmar. These muscles arise from the metacarpal shafts but have variable insertions. The palmar interossei almost always insert into the dorsal apparatus of the finger. The first dorsal interosseus almost always inserts into bone. The remaining dorsal interossei have varying insertions. Refer to the work of Eyler and Markee for a more detailed description of the anatomy.20 The interossei are usually ulnar nerve innervated, with a few exceptions.

There are four lumbricals, which originate on the radial side of the profundus tendons and usually insert on the dorsal apparatus. Occasionally, a few fibers insert into the base of the proximal phalanges. Because these muscles are a link between the extrinsic flexor and extrinsic extensor mechanisms, they act as a modulator between flexion and extension of the IP joints.21

The interossei are much stronger than the lumbricals; however, both muscle groups work in conjunction. All of these muscle groups are of fundamental importance in extension of the IP joints and flexion of the MCP joints. The interossei also abduct and adduct the fingers. The dorsal interossei are the primary abductors, and the volar interossei are the primary adductors of the fingers.

The preceding statements are an oversimplification of the anatomy and functional significance of the interossei and the lumbricals. The clinical examination of these two groups of muscles is, however, rather easy.

To test interossei function, one should ask the patient to spread his or her fingers apart. This is best done with the hand flat on the examining table to eliminate the action of the long extensors, which can simulate the function of the dorsal interossei (Fig. 6-14). To supplement this test, one can have the patient radially and ulnarly deviate the middle finger while it is flexed at the MCP joint. This cannot be performed if the interossei are paralyzed; this test is known as Egawa’s sign.19
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Figure 6-14 Testing function of the interossei. Abduction and adduction are assessed from the relationship of the digits to the axis of the third metacarpal. A, All fingers adducted toward the third metacarpal. B, All fingers abducted away from third metacarpal.



The first dorsal interosseus is a very strong radial abductor of the index finger and plays an important role in stabilizing that digit during pinch. It can be tested separately by having the patient strongly abduct the index finger in a radial direction while the examiner palpates the muscle belly (Fig. 6-15). The IP extension function of the lumbricals and interossei is tested by having the patient extend the IP joints of the digits while the examiner holds the MCP joints in flexion (Fig. 6-16).
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Figure 6-15 On abduction of the patient’s index finger, the examiner can palpate the first dorsal interosseus. This is the last muscle to receive innervation from the ulnar nerve.
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Figure 6-16 The intrinsic muscles, by means of their attachment into the lateral bands and proximal phalanges, produce flexion of the metacarpophalangeal (MCP) joints and extension of the proximal interphalangeal (PIP) joints. The function of the lumbricals and interossei is tested by having the patient extend the PIP joints of the digits while the examiner holds the MCP joints in flexion. (Redrawn from Tubiana R: The Hand. Philadelphia: WB Saunders, 1973.)



If all of the interossei and lumbricals are functioning properly, the patient will be able to put his or her hand into the “intrinsic-plus position”; that is, the MCP joints are flexed and the PIP joints are in full extension. James has recommended this as the position of immobilization for the injured hand to maintain the length of the collateral ligaments of the MCP joint and prevent joint contractures at the IP joints.22

Injuries to the median or ulnar nerves, or both, or a crushing injury to the hand can result in paralysis or contractures of the intrinsic muscles. A hand without intrinsic function is known as the intrinsic-minus hand.23,24 This hand has lost its normal cupping. The arches of the hand disappear, and there is wasting of all intrinsic musculature. Clawing of the fingers is evident, as described by Duchenne in 1867.19 The claw deformity is defined as hyperextension of the MCP joints and flexion of the PIP and DIP joints (Fig. 6-17). This is the result of an imbalance between the intrinsic and extrinsic muscles of the hand.25 The extrinsic extensors hyperextend the MCP joints, and the extrinsic flexors flex the PIP and DIP joints. The flexion vector, induced by the intrinsics, across the MCP joint is lost.26 In time, the volar capsular–ligamentous structures stretch out, and the claw deformity increases in severity.27
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Figure 6-17 Intrinsic-minus hand resulting from a longstanding low ulnar palsy. Notice loss of normal arches of the hand and wasting of all intrinsic musculature between metacarpals. Notice hyperextension of the metacarpophalangeal joints and flexion of the proximal and distal interphalangeal joints because of an imbalance of the extrinsic flexor and extensor systems as a result of paralysis of the ulnar innervated intrinsic muscles. (Photo courtesy of Mark Walsh, PT, DPT, MS, CHT, ATC.)



Injury to the intrinsics, which can be caused by ischemia, crushing injuries, or other pathologic states (e.g., rheumatoid arthritis), can result in tightening of the intrinsic muscles. A test for intrinsic tightness was first described by Finochetto in 1920.28 Later, Bunnell and then Littler redescribed this test.29 The intrinsic tightness test is performed by having the examiner hold the patient’s MCP joint in maximum extension (stretching the intrinsics) and then passively flexing the PIP joint. The MCP joint is then held in flexion (relaxing the intrinsics), and the examiner passively flexes the PIP joint again. If the PIP joint can be passively flexed more when the MCP joint is in flexion than when it is in extension, there is tightness of the intrinsic muscles28-30 (Fig. 6-18). In patients with rheumatoid arthritis, intrinsic tightness is common and may result in a swan-neck deformity.31 The swan neck is a result of the strong pull of the contracted intrinsics, through the lateral bands, which subsequently sublux dorsal to the axis of rotation of the PIP joint. The resultant deformity is one of hyperextension at the PIP joint and flexion at the DIP joint.
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Figure 6-18 Intrinsic tightness test. A, B, The intrinsics are put on stretch by the examiner, who then passively flexes the proximal interphalangeal (PIP) joint. C, D, The intrinsics are then relaxed by flexing the metacarpophalangeal (MCP) joint. If the PIP joint can be passively flexed more with the MCP joint in flexion than when it is in extension, the intrinsic muscles are tight. (Redrawn from Hoppenfeld S: Physical Examination of the Spine and Extremities, New York: Appleton-Century-Crofts, 1976.)



Occasionally, there is confusion as to the cause of limited PIP joint flexion. Is the condition a result of intrinsic tightness, of extrinsic extensor tightness (e.g., scarring of the long extensors proximal to the PIP joint), or of the joint itself (i.e., capsular and collateral ligament tightness)? Three simple tests clarify the situation. The intrinsic tightness test helps the examiner either rule out or identify intrinsic muscle problems. The extrinsic tightness test is just the opposite of the intrinsic test. Again, the examiner holds the MCP joint in maximum extension, passively flexes the PIP joint, and notes the amount of flexion. He or she then flexes the MCP joint and passively flexes the PIP joint again. If extrinsic extensor tightness (because the long extensors are scarred) is present, passive flexion of the PIP joint will be greater when the MCP joint is held in extension than when it is held in flexion. If the motion of the PIP joint is unchanged regardless of the position of the MCP joint, then the limitation is attributed to PIP joint capsular and collateral ligament tightness (Fig. 6-19).
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Figure 6-19 Proximal interphalangeal joint (PIP) contracture. Collateral ligament tightness limits PIP motion, regardless of the position of the metacarpophalangeal joint.




Oblique Retinacular Ligament Test

Occasionally, a patient exhibits a lack of active flexion at the DIP joint. This may be caused by a joint contracture or a contracture of the oblique retinacular ligament.32 The oblique retinacular ligament arises from the volar lateral ridge of the proximal phalanx and has a common origin with the distal A2 and C1 pulleys. It then traverses distally and dorsally to attach to the dorsal apparatus near the DIP joint (Fig. 6-20). As pointed out by Shrewsbury and Johnson, the tendon varies in its development and occurrence.33 However, it is consistently made taut by flexion of the DIP joint, particularly with the PIP joint in extension. If this ligament is contracted, DIP motion will be limited. The oblique retinacular ligament tightness test is performed by passively flexing the DIP joint with the PIP joint in extension and then repeating this with the PIP joint in flexion. If there is greater motion when the PIP joint is flexed than when it is extended, there is tightness of the ligament (Fig. 6-21). Equal loss of flexion indicates a joint contracture.
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Figure 6-20 Oblique retinacular ligament. (Redrawn from Tubiana R: The Hand, Philadelphia: WB Saunders, 1981.)
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Figure 6-21 The oblique retinacular ligament tightness test. A, The distal interphalangeal (DIP) joint is passively flexed with the proximal interphalangeal (PIP) joint held in extension. B, The DIP joint is then passively flexed with the PIP joint flexed. If there is greater motion when the PIP joint is flexed than when it is extended, there is tightness of the ligament. Equal loss of DIP joint motion regardless of PIP joint position indicates a joint contracture.




Grip and Pinch Strength

The next step after examination of intrinsic and extrinsic musculature of the hand is determination of gross grip and pinch strength of the injured versus the noninjured hand. Several devices for objective measurement of grip strength are commercially available. The grip dynamometer (see Fig. 12-4) with adjustable handle spacings provides an accurate evaluation of the force of grip.34 This dynamometer has five adjustable spacings at 1.0, 1.5, 2.0, 2.5, and 3.0 inches. The patient is shown how to grasp the dynamometer and is instructed to grasp it with his maximum force. The grip test position should be standardized. The forearm should be in neutral rotation and the elbow flexed 90 degrees. The shoulder should be adducted. The patient self-selects a wrist position with the gripping motion. O’Driscoll states that optimal grip strengths are achieved at 35 degrees of wrist extension.35 Grip strength is measured at each of the five handle positions. The right and left hands are tested alternately, and the force of each grip effort is recorded. The test is paced at a rate to eliminate fatigue. If only one level is measured, an average of three trials is recommended for each hand.11 According to Bechtol, there is usually a 5% to 10% difference between the dominant hand and the nondominant hand in normal subjects.34 A graph of the grip measurements at the five handle positions forms a bell curve if the patient provides maximal effort and has not sustained a median or ulnar nerve injury; grip strength is typically greatest at the middle handle position and weakest at each end resulting from the differential action of extrinsic and intrinsic muscles involved with grip at each handle position. At the widest handle position, extrinsic finger flexor muscle action is predominantly involved; at the most narrow handle position, intrinsic muscle action predominates. At the middle spacings there is a combination of both intrinsic and extrinsic muscle action, resulting in greater strength output and thus, the bell curve configuration of grip readings at all five handle positions. With generalized weakness of the hand, the bell curve pattern is usually still present (Fig. 6-22). However, patients with an intrinsic-minus hand are an exception to this rule. Their curve is flattened as their grip increases from level I to V because the extrinsic flexors are at a better mechanical advantage with the wider handle positions.36 Other patients that may present with a “flattened” curve may be using submaximal effort;34 however, it may be proportional to the amount of forced produced.37,38
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Figure 6-22 A, The grip strengths of a patient’s uninjured hand (a) and injured hand (b) are plotted. Despite the patient’s decrease in grip strength because of injury, curve b maintains a bell-shaped pattern and parallels that of the normal hand. These curves are reproducible in repeated examinations, with minimal change in values. B, If the patient has an exceptionally large hand, the curve will shift to the right (d); with a very small hand, the curve shifts to the left (c). Notice, however, that the bell-shaped pattern is maintained despite the curve’s shift in direction.



For years, the rapid exchange grip (REG) test has been used to detect submaximal effort. The REG test is administered with a dynamometer at the setting that achieves maximum grip during static testing. During testing, the clinician holds the dynamometer in place. The patient is then instructed to maximally grip the dynamometer, alternating hands as rapidly as possible. Each hand grips the dynamometer 5 to 10 times. A positive REG test shows a significant increase in grip strength on the affected side compared with static scores. A positive REG test in the presence of a flat curve on static testing suggests inconsistent effort by the patient.39,40 A more recent study has concluded that the REG is not a reliable or valid way to detect submaximal effort due to a lack of standardization in the procedures.40

There are three basic types of pinch: (1) chuck, or three-fingered pinch; (2) lateral, or key pinch; and (3) tip pinch (Fig. 6-23). These can be tested with a pinch meter (see Fig. 12-6). Many disease processes can affect pinch power: basilar arthritis of the thumb, ulnar nerve palsy, and anterior interosseus nerve palsy, to mention a few.
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Figure 6-23 A, Chuck, or three point, pinch. B, Lateral, or key, pinch. C, Tip pinch.



Additional information on grip and pinch functional strength measures is presented in Chapter 12 on functional tests.


Nerve Supply of the Hand—Motor and Sensory

Three nerves provide motor and sensory function to the hand: the median, radial, and ulnar nerves. The motor and sensory innervation of the hand also is subject to much variation, as pointed out by Rowntree.41 The median, radial, and ulnar nerves are peripheral branches of the brachial plexus. The radial nerve is formed from the C6 and C7 nerve roots. The median and ulnar nerves are formed by branches of the C7, C8, and T1 nerve roots. The neurologic levels represented by the sensory dermatomes are illustrated in Figure 6-24. The terminal branches of the median, radial, and ulnar nerves are shown in Figure 6-25. It is necessary to have a fundamental knowledge of the branches and their sequence of innervation to appropriately pinpoint the level of an injury or to follow the path of a regenerating nerve.
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Figure 6-24 Sensory dermatomes of the hand, by neurologic levels. (Redrawn from Hoppenfeld S: Physical Examination of the Spine and Extremities. New York: Appleton-Century-Crofts, 1976.)




[image: images]

Figure 6-25 Terminal branches of the radial (A), median (B), and ulnar (C) nerves. (Redrawn from American Society for Surgery of the Hand: The Hand, Examination and Diagnosis, Aurora, Colo.: The Society, 1978.)



The median, radial, and ulnar nerves enter the forearm through various muscle and fascial planes and have multiple potential sources of entrapment. These nerve conditions may be associated with traumatic injuries such as fractures of the elbow, forearm, or wrist. Entrapment of these nerves results in classic clinical presentations, with loss of motor function (in longstanding compression) and paresthesias in the distribution of each nerve.42-46 Careful and systematic examination of cutaneous sensibility and motor function is required to determine the extent of the compression. The examination and management of these compression syndromes are discussed elsewhere in this book.


Cutaneous Sensibility

Normal sensibility is a prerequisite to normal hand function. A patient with a median nerve injury has essentially a “blind hand” and is greatly disabled, even if all motor function is present. The assessment of sensibility is therefore an integral and important part of the examination of the hand. The distribution of sensory nerves is subject to as much variation as the distribution of the motor branches.41 The classic distribution of the median, ulnar, and radial nerves is shown in Figure 6-26.
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Figure 6-26 Sensory distribution of the median, radial, and ulnar nerves in the hand. (Redrawn from Weeks PM, Wray RC: Management of Acute Hand Injuries: A Biological Approach, St Louis: Mosby, 1973.)



There are many ways to assess sensibility, including monofilaments, Moberg’s Picking-up Test, Seddon’s coin test, the moving two-point discrimination test described by Dellon, and Weber’s two-point discrimination test.49-51 Chapter 11 in this edition of the book and Chapter 14 from the fifth edition (located in the archived chapters section on the companion Web site) discuss sensibility testing in detail.


Vascularity of the Hand

The vascular supply of the hand is usually extensive; however, it should be examined carefully before any surgery on the hand. The primary blood supply to the hand is through the radial and ulnar arteries. In some individuals, the dominant blood supply to the hand can be from one artery. The ulnar artery gives rise to the superficial palmar arch, and the radial artery gives rise to the deep arch. These arches usually have extensive anastomoses.52,53 The superficial palmar arch gives rise to four common digital arteries, which then branch to form the proper digital arteries. The superficial arch may supply blood to the thumb, or the thumb may be completely vascularized by a branch of the radial artery known as the princeps pollicis artery. To assess blood supply to the hand, one should check the color of the hand (red, pale, or cyanotic), digital capillary refill, the radial artery and ulnar artery pulses at the wrist, and perform Allen’s test. In 1929, Allen described a simple clinical test to determine the patency of the radial and ulnar arteries in thromboangiitis obliterans.54 This test is performed by having the patient open and close his or her hand to exsanguinate it while the examiner occludes the radial and ulnar arteries at the wrist with digital pressure. The patient then opens the hand, which is white and blanched. The examiner then releases either the ulnar or the radial artery and watches for revascularization of the hand. If the hand does not flush, the artery is occluded. This test is then repeated with the opposite artery (Fig. 6-27).
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Figure 6-27 Allen’s test for arterial patency. A, The examiner places her fingers over the ulnar and radial arteries at the wrist. B, The patient then forcibly opens and closes his hand to exsanguinate it while the examiner occludes the radial and ulnar arteries. C, Next the patient opens his hand, and the examiner releases one artery and observes the flushing of the hand. The steps are then repeated, and the other artery is tested for patency. (Redrawn from American Society for Surgery of the Hand: The Hand, Examination and Diagnosis, Aurora, Colo.: The Society, 1978.)



A modification of Allen’s test can be performed on a single digit.55 The steps are the same as just outlined, except that the examiner occludes and releases the radial and ulnar digital arteries.


Medical Screening and Review of Systems

Direct access is the right of the public to obtain physical therapy services without a legal need for referral. It is now available in 45 states within the United States.56 This legislation occurring in the past decade prompted the need to teach medical screening to professional physical therapy students. It became apparent that medical screening was needed by both physical and occupational therapists even without direct access because any patient may present with risk factors, precautions, or “red flags” to therapeutic interventions.

Current practice trends suggest that patients are discharged more quickly from the hospital and more likely to have outpatient same-day surgery. This means that patients are not monitored as closely as they used to be. If the patient is referred to therapy postoperatively, he or she may present with more medical issues or complications. The public is generally sicker, with almost 80% of patients over 70 years of age having at least one chronic disease.2 Therapists need to identify these comorbidities. Patients are being referred to hand therapy clinics with a signed prescription, without an adequate medical screening, because they never saw the physician or ancillary medical personnel, and sometimes when they do see the doctor, they are not examined. Finally, knowledge related to screening for risk factors has increased significantly over the past decade for several medical conditions and diseases. For example, screening criteria have been developed for female patients with low bone mass (osteoporosis) that present in the clinic with an upper extremity fracture due to a fall. Screening tests for risk factors and balance following a wrist fracture have been developed so that therapists can serve as “gatekeepers” to address falls risk, balance impairments, or low bone mass.

Goodman created a five-step model for medical screening2 that includes: (1) personal and family history; (2) risk factor assessment, (3) clinical presentation, (4) associated signs and symptoms of systemic diseases, and (5) review of systems. Box 6-1 presents selected examples for review of systems pertaining to upper extremity patients.



Box 6-1 Review of Systems (Selected Examples)



GENERAL QUESTIONS

Fever, chills, sweating (constitutional symptoms)

Fatigue, malaise, weakness (constitutional symptoms)

Vital signs: blood pressure, temperature, pulse, respirations

Dizziness, falls

INTEGUMENTARY (INCLUDE SKIN, HAIR, AND NAILS)

Recent rashes, nodules, or other skin changes

Increased hair growth (hirsutism)

Nail bed changes

MUSCULOSKELETAL AND NEUROLOGIC

Frequent or severe headaches

Paresthesias (numbness, tingling, “pins and needles” sensation)

Weakness; atrophy

Problems with coordination or balance; falling

Involuntary movements; tremors

Radicular pain

RHEUMATOLOGIC

Presence and location of joint swelling

Muscle pain, weakness

Skin rashes

Raynaud’s phenomenon

CARDIOVASCULAR

Chest pain or sense of heaviness of discomfort

Limb pain during activity (claudication; cramps, limping)

Pulsating or throbbing pain anywhere, but especially in the back or abdomen

Peripheral edema; nocturia

Fatigue, dyspnea, orthopnea, syncope

High or low blood pressure, unusual pulses

PULMONARY

Shortness of breath (dyspnea, orthopnea)

Night sweats; sweats anytime

Pleural pain

PSYCHOLOGICAL

Stress levels

Fatigue, psychomotor agitation

Depression, confusion, anxiety

Irritability, mood changes

GASTROINTESTINAL

Abdominal pain

Diarrhea or constipation

Skin rash followed by joint pain (Crohn’s disease)

HEPATIC AND BILIARY

Feeling of abdominal fullness, ascites

Changes in skin color (yellow, green)

Skin changes (rash, itching, purpura, spider angiomas, palmar erythema)

HEMATOLOGIC

Skin color or nail bed changes

Bleeding: nose, gums, easy bruising, melena

Hemarthrosis, muscle hemorrhage, hematoma

GENITOURINARY

Reduced stream, decreased output

Burning or bleeding during urination; change in urine color

Urinary incontinence, dribbling

GYNECOLOGIC

Pain with menses or intercourse

Surgical procedures

Pregnancy, birth, miscarriage, and abortion histories

ENDOCRINE

Fruity breath odor

Headaches

Carpal or tarsal tunnel syndrome

Periarthritis, adhesive capsulitis

CANCER

Constant, intense pain, especially bone pain at night

Excessive fatigue

Rapid onset of digital clubbing (10–14 days)

IMMUNOLOGIC

Skin or nail bed changes

Fever or other constitutional symptoms

Lymph node changes



Modified from Goodman CC: Screening for medical problems in patients with upper extremity signs and symptoms. J Hand Ther. 2010;23:105–125.


Summary

Clinical examination is an art that improves with practice and experience. This chapter presents a systematic approach to clinical examination of the hand. Hand surgeons and therapists need to use valid and reliable tests and measures to collect impairment data to assess treatment outcomes. Diagnostic special tests used in clinical examination must be evaluated for their diagnostic accuracy and interpretation of results.57 Research is needed to determine the sensitivity, specificity, and likelihood ratios of diagnostic tests used in hand and upper extremity clinical examinations.
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CRITICAL POINTS

▪ Successful clinical examination of the wrist requires a thorough knowledge of wrist anatomy, biomechanics, and pathology.

▪ The wrist examination includes a complete history, visual inspection, objective assessments, and a systematic physical examination, including palpation and provocative testing.

▪ The keys to a successful examination are to link the symptoms with the underlying palpable structures and to correlate the mechanism of the injury with the physical findings.

▪ Before the wrist is examined, a careful inspection of the entire upper extremity should be performed to rule out other extrinsic and more proximal causes for the wrist symptoms.

▪ The bony and soft tissue anatomy is systematically palpated to define areas of tenderness and to determine the area of maximum tenderness.

▪ The symptomatic wrist should always be compared with the uninvolved side.

▪ Starting the examination in an asymptomatic area helps the patient develop trust in the examiner and may reduce wrist guarding.

▪ By methodically examining each structure in each zone, the examiner can most effectively localize the patient’s symptoms and develop a differential diagnosis.



The diagnosis of “wrist sprain” was at one time a common and acceptable diagnosis for the patient with wrist pain. More recently, however, as the understanding of wrist anatomy, mechanics, and pathology has evolved, more sophisticated clinical examination procedures have been developed, allowing more specific diagnosis of wrist problems.

The wrist is a highly complex joint in a very compact space. Successful clinical evaluation of the wrist requires a thorough knowledge of wrist anatomy, biomechanics, and pathology. Also required is knowledge of surface anatomy and the corresponding underlying structures. The keys to a successful examination are to link the symptoms with the underlying palpable structures and to correlate the mechanism of the injury with the physical findings. Some common conditions may be easily identified on the basis of the clinical examination, whereas others may require additional diagnostic studies, imaging, and repeat evaluations.

The components of the wrist examination include a thorough history, visual inspection, objective assessments, and a systematic physical examination, including palpation and provocative testing to identify tenderness and abnormal motion between bones. Before the wrist is examined, the entire upper extremity should be inspected to rule out other extrinsic and more proximal causes for the wrist symptoms.


History of the Injury or Onset

A detailed history can provide insight into the nature of the wrist problem and can help focus the subsequent physical examination. The patient’s age, dominance, occupation, and avocations should be noted. The date of onset of the problem and the circumstances related to the onset need to be explored. If the wrist problem resulted from a single incident or injury, the mechanism of the injury should be reviewed thoroughly, including the position of the wrist at the time of injury and the subsequent degree and direction of stress. For example, an acute rotational injury to the forearm or a fall on the pronated outstretched upper extremity can result in a triangular fibrocartilage complex (TFCC) injury.1 Mayfield2 describes a progression of perilunar instability initiated radially or ulnarly, depending on the position of the wrist during loading. For example, dorsiflexion and supination usually produce radially initiated perilunate injuries, whereas palmar-flexion and pronation forces may result in ulnarly initiated perilunar injuries. Weber and Chao3 found that load applied to the radial side of the palm with the wrist in extreme dorsiflexion produces scaphoid fracture.

If the wrist condition developed over time, and not as a result of a single injury, it is important to explore potential causes. Some patients have definite ideas about what caused their wrist to hurt, but others require careful questioning. New responsibilities at work or home that increase physical demands on the wrist, increased productivity requirements, an awkwardly configured workstation, and participation in a new hobby or sport are examples of factors that may precipitate symptoms.

The presence of symptoms such as pain; swelling; numbness and tingling; temperature and color changes; and abnormal sounds, such as clicks, grating, or clunks, should be noted. Their location, frequency, intensity, and duration should also be discussed. Some patients may present with very localized symptoms, whereas others report more diffuse discomfort. In the latter case, it is sometimes helpful to instruct the patient to point to the most painful spot or spots to attempt to localize the problem. Some patients may say they have pain all the time and have difficulty qualifying their symptoms. It is sometimes helpful to start by asking patients if they have pain at the present moment or “right now” as a way to help them begin to focus more specifically on when and how often their symptoms occur. The activities, positions, or conditions that aggravate the symptoms and the measures taken to obtain relief are discussed. It is important to review previous treatment interventions such as orthoses, anti-inflammatory medications, injections, and therapy, and to gauge the efficacy of the treatments. The effect the wrist condition has had on the patient’s ability to work and perform his or her usual life tasks needs to be discussed to determine the degree of disability caused by the wrist problem.


Inspection of the Wrist

Visual inspection of the wrist and comparison to the uninvolved side can provide clues about the nature of the problem. As the patient enters the clinical setting, the examiner can observe the posture of the involved side and wrist. The posture of the neck, shoulder, and elbow should be noted because wrist symptoms may sometimes be referred from an extrinsic and more proximal site. Spontaneous use can be noted to give an indication of the extent of disability and to later correlate observations with the patient’s report of disability. If the patient enters holding a heavy briefcase or bag with the involved side and then later reports inability to lift any weight at all, the reliability of their symptom report would be in question.

The wrist should be visually inspected and compared with the uninvolved side. On the dorsal side, the skin, nails, color, and muscle bulk should be observed. Any masses, such as a dorsal ganglion (Fig. 7-1) or traumatic or surgical scars are noted. The six extensor compartments can be inspected for any focal tubular swelling, as seen with tenosynovitis, or for any evidence of ruptures or extensor lags. Some predictable conditions involve the extensor tendons, and these should be kept in mind when examining the extensor compartments (Table 7-1, online).4 The contour, alignment, and profile of the wrist are observed in comparison with the contralateral side. Characteristic examples of abnormalities include the post-traumatic deformity that occurs with radius shortening following a malunited distal radius fracture. Another example is the prominent distal ulnar head indicative of distal radioulnar joint (DRUJ) disruption (Fig. 7-2). The profile of the wrist is observed to detect any malalignment such as a volar sag, or carpal supination (Fig. 7-3, online), compared with the other side. On the palmar side, the fingertips can be observed for callusing or atrophy to determine extent of use. The thenar and hypothenar eminences are inspected for muscle bulk.
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Figure 7-1 Dorsal wrist ganglion, the most common mass on the dorsum of the wrist.



Table 7-1 Extensor Tendon Conditions
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Figure 7-2 Prominence of the distal ulna, indicating distal radioulnar joint disruption.
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Figure 7-3 Volar sag of the wrist indicating ulnocarpal instability.




Objective Assessments

The active and passive range of motion (ROM) of all planes of wrist motion, as well as of supination and pronation, should be assessed. Compensatory maneuvers used by the patient when motion is limited need to be identified and eliminated. For example, the patient may elevate the elbow when attempting wrist flexion. When forearm rotation is limited, the patient may substitute with shoulder motions. Measurement with a goniometer helps ensure an accurate assessment. The most reliable method for measuring wrist flexion and extension is the volar/dorsal technique5 (Fig. 7-4). The examiner needs to determine whether any restrictions are the result of pain or a mechanical cause, such as capsular contracture or a malunited fracture. Normal ROM of the wrist and functional ROM should be considered when evaluating wrist motion. Normal maximum ROM of the wrist has been documented with the use of wrist goniometry.6 However, there is some variation in normal values. Therefore the uninvolved side should be measured for comparison. Functional ROM (i.e., the motion of the wrist required to perform most activities of daily living [ADLs]) has also been documented. Palmer and colleagues7 found that functional wrist motion is between 5 degrees of flexion and 30 degrees of extension, 10 degrees of radial deviation, and 15 degrees of ulnar deviation. Ryu and coworkers8 found that 40 degrees of wrist extension, 40 degrees of wrist flexion, and a total of 40 degrees of radial and ulnar deviation are needed to perform most ADLs.
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Figure 7-4 Range of motion measurement of wrist extension (A) and flexion (B).



Swelling of the wrist and hand can be measured with a volumeter. Both involved and uninvolved sides are measured for comparison. The volumeter has been found by Waylett-Rendall and Seibly9 to be reliable to within 1% of the total volume when one examiner performs the measurements. van Velze and associates10 found that the left nondominant side was 3.3% smaller than the dominant right side with volume measurement in a study of 263 male laborers. She concluded that the volume of one hand could be used as a reliable predictor of the volume of the other. The measurement of bilateral wrist circumference may also be used as an indicator of swelling.

Grip strength testing is advocated by some as a reliable indicator of true impairment that deserves further investigation in cases of obscure wrist pain. Czitrom and Lister11 found a significant correlation between decreased grip strength and positive bone scans and confirmed pathology with chronic wrist complaints. Submaximal effort was ruled out with the use of rapid-exchange grip testing and a bell curve with five-position grip testing using the Jamar dynamometer.11

LaStayo and Weiss describe the GRIT (i.e., the gripping rotatory impaction test), which is used to identify ulnar impaction using a standard dynamometer to test grip with the forearm in three positions: neutral, supination, and pronation.12 The rationale for the test relates to the fact that ulnar impaction correlates with positive ulnar variance and gripping with pronation maximizes potential impaction and gripping with supination reduces it. The supination and pronation readings are calculated as a ratio, that is, supination/pronation, and the potential for impaction is considered high if the GRIT ratio is more than 1 on the involved and no different from 1 on the uninvolved side.

Sensibility examination is done to screen for possible nerve compressions. Semmes-Weinstein light-touch threshold testing has been found to be the most sensitive clinical test for detecting nerve compression.13 The median, ulnar, and dorsal radial sensory nerve (DRSN) can become compressed or irritated at the level of the wrist and can be a source of wrist symptoms. Particular attention is paid to the cutaneous distribution of these nerves with sensibility testing.


Diagnostic Injection

Injections are utilized to assist diagnosis and predict surgical success. Shin and coworkers14 recommend that injections should be performed in joints or along tendons that may be injured and that they can help to distinguish between intra-articular and extra-articular pathology. Bell and colleagues15 suggest that midcarpal injection with lidocaine is a useful diagnostic test to determine the presence or absence of intracarpal pathology in patients with chronic wrist pain and normal routine radiographs by evaluating grip strength and pain relief after injection. They found that midcarpal injection of lidocaine that resulted in a 28% improvement of grip strength had a statistically significant association with intracarpal pathology later diagnosed by wrist arthroscopy. These authors conclude that diagnostic injection can be an effective tool in the evaluation of the patient with chronic wrist pain. The authors point out limitations of their study, including the small sample size of normal subjects and uncertainty regarding penetration of the lidocaine into the radiocarpal joint, which would affect results if the TFCC or radiocarpal joint was the source of pathology. Freeland cautions that more study is needed to establish a reliable diagnostic test and threshold values.16

Green reported the results of a retrospective study that supports the value of carpal tunnel steroid injections as a reasonably accurate diagnostic test for carpal tunnel syndrome (CTS).17 Ninety-nine wrists in 89 patients receiving carpal tunnel injection were subsequently treated surgically. Correlations between results of injections and subsequent operations indicate that a good response to injection is an excellent diagnostic and prognostic sign. On the other hand, poor relief from injection does not mean that the patient is a poor candidate for surgery. In a more recent review of published studies, Boyer reports that the predictive value of corticosteroid injection should be considered unproved at this time.18


Physical Examination

Palpation and provocative testing are the core of the examination. The goal is to define areas of tenderness by systematically palpating the bony and soft tissue anatomy and to determine the area of maximum tenderness. These tender areas are then related to a specific underlying structure, such as the bone, tendon, or joint. The provocative tests are performed to identify carpal instabilities. Patients with carpal instabilities often complain of pain, decreased motion, and “clicks or clunks” with motion of the wrist. The provocative tests may reproduce these sounds, which are the result of abnormal carpal movements. A painless click or clunk may be obtained in the asymptomatic wrist with lax ligaments and is not considered a sign of disease. The symptomatic wrist should always be compared with the uninvolved side. The sequence of the evaluation can be tailored to the patient’s area of maximum tenderness. Starting the examination in an asymptomatic area will help the patient to trust the examiner and may reduce the tendency toward wrist guarding.

Torosian et al19 describe a systematic approach to wrist examination. They divide the wrist into five zones: three dorsal and two volar. By methodically examining each structure in each zone, the examiner can most effectively localize the patient’s symptoms and develop a differential diagnosis. Table 7-2 (online) lists common wrist conditions for each zone and the corresponding clinical signs and tests.

Table 7-2 Wrist Conditions and Clinical Signs and Tests





	Radial Dorsal Zone

	Clinical Signs and Tests




	First CMC joint arthritis

	
Positive grind test





	
	
Tender with palpation of the first CMC joint





	
	
Shoulder sign





	de Quervain’s tenosynovitis

	
Positive Finkelstein’s test





	
	
Tender with resisted thumb abduction





	
	
Tender with palpation of first extensor compartment





	EPL tendinitis (drummer’s palsy)

	Tenderness with palpation of and resistance to the EPL




	
Scaphoid fracture, nonunion


	
Tender with palpation of the scaphoid in the snuffbox





	
	
Tender with palpation over the volar prominence and dorsal aspect of the scaphoid





	Scaphoid AVN (Preiser’s disease)

	Clamp sign




	
DRSN neuritis (Wartenberg’s neuralgia)


	
Tingling and pain with percussion along the course of the DRSN





	
	
Diminished light touch threshold over the dorsal thumb and web with Semmes-Weinstein testing





	Intersection syndrome (squeaker wrist)

	Tenderness, friction and crepitus during wrist motion with radial deviation at the distal dorsal forearm 4–5 cm proximal to the radial styloid




	Radioscaphoid arthritis, ST arthritis

	Tenderness with palpation of radial styloid and ST joint




	Central Dorsal Zone

	



	
Gymnast’s wrist


	
Tender with palpation over the distal radioscaphoid interval





	
	
Pain with wrist hyperextension and radial deviation





	Keinböck’s disease

	Tender with palpation of the lunate




	Scapholunate

	Positive radial stress test (Watson’s test)




	Dissociation/instability

	
Clamp sign





	
	
Positive scaphoid thrust test





	
	
Tender with palpation of the scaphoid in the snuffbox





	Dorsal wrist ganglion

	Observable swelling over the dorsum of the wrist




	Dorsal wrist syndrome

	
Positive resisted finger extension test





	
	
Tender with palpation of the SL interval





	CMC joint ligament injury

	
Tender with palpation of the CMC joints





	
	
Positive Linscheid’s test





	
	
Positive metacarpal stress test





	Wrist extensor tendinitis

	
Tenderness with palpation of wrist extensor tendons





	
	
Pain or discomfort with resisted wrist extension





	PIN neuritis

	Pain with palpation of the dorsum of the wrist proximal to Lister’s tubercle




	Ulnar Dorsal Zone

	



	Ulnar styloid fracture/nonunion

	Tender with palpation




	DRUJ instability, incongruity, arthrosis

	
Piano key test/sign





	
	
Ulnar compression test





	
	
Tender with palpation





	TFCC injury

	
Ulnar fovea sign





	
	
Positive findings with ligamentum subcruentum testing





	
	
Positive press test





	
	
Positive relocation test





	
	
Positive pisiform boost test





	Ulnocarpal abutment

	
Positive TFCC load test





	
	
Positive ulnocarpal stress test





	Hamate fracture

	Tender with palpation




	Triquetral fracture

	Tender with palpation




	Midcarpal instability

	
Positive midcarpal shift test





	
	
Tender in the triquetral-hamate area





	Lunotriquetral instability

	
Positive shear, ballottement, ulnar snuffbox tests





	
	
Tender with palpation of the lunotriquetral interval





	ECU tendinitis

	
Tender with palpation and resistance to the ECU





	
	
Positive ECU synergy test





	ECU subluxation

	Subluxation, pain and snapping with forearm supination and wrist ulnar deviation




	Radial/Ulnar Volar Zone

	



	Volar wrist ganglion

	Observable swelling usually at the volar radial wrist at the base of the thumb




	FCR tendinitis

	Tender with palpation and resisted wrist flexion




	Carpal tunnel syndrome

	
Positive Phalen’s test





	
	
Positive Tinel’s test





	
	
Positive Durkan’s carpal compression test





	
	
Nocturnal numbness in the median nerve distribution





	
	
Diminished light touch threshold





	Radial artery occlusion or insufficiency

	Positive Allen’s test (timed Allen’s test)




	Pisotriquetral arthritis

	Positive pisotriquetral shear test




	Hamate hook fracture

	
Tender with palpation of the hamate hook





	
	
Increased pain with resisted flexion of the small and ring fingers





	Ulnar nerve compression (cyclist’s palsy)

	
Numbness and paresthesias of small and half of the ring fingers





	
	
Diminished light touch threshold of the small and ulnar half of the ring fingers with Semmes-Weinstein test





	
	
Positive Tinel’s sign over the Guyon’s canal





	Hypothenar hammer syndrome

	Positive Allen’s test





AVN, avascular necrosis: CMC, carpometacarpal; DRSN, dorsal radial sensory nerve; DRUJ, distal radioulnar joint; ECU, extensor carpi ulnaris; EPL, extensor pollicis longus; FCR, flexor carpi radialis; PIN, posterior interosseous nerve; ST, scaphotrapezial; TFCC, triangular fibrocartilage complex.


Radial Dorsal Zone

The structures to examine in the radial dorsal zone include the radial styloid, the scaphoid, the scaphotrapezial (ST) joint and trapezium, the base of the first metacarpal and the first carpometacarpal (CMC) joint, the tendons of the first and third extensor compartments, and the DRSN.

The radial styloid is palpated on the radial aspect of the wrist proximal to the anatomic snuffbox with the wrist in ulnar deviation (Fig. 7-5). Tenderness of the styloid may indicate contusion, fracture, or radioscaphoid arthritis.20 The last is common with longstanding scapholunate dissociation and scaphoid instability.21 Tenderness may be aggravated by radial deviation.


[image: images]

Figure 7-5 Palpation of the radial styloid.



The scaphoid is palpated just distal to the radial styloid in the snuffbox, which is formed by the tendons of the extensor pollicis longus (EPL) on the ulnar border and the extensor pollicis brevis (EPB) and abductor pollicis longus (APL) on the radial border. The scaphoid is most easily palpated when the wrist is in ulnar deviation because the proximal carpal row slides radially and the scaphoid assumes an extended or vertical position when the wrist is in ulnar deviation.22 Tenderness of the scaphoid in the snuffbox may indicate scaphoid fracture, nonunion, avascular necrosis (Preiser’s disease), or scaphoid instability.23 The clamp sign refers to the patients grasp of the volar and dorsal aspects of the scaphoid when asked to indicate where the wrist hurts (Fig. 7-6).24
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Figure 7-6 Clamp sign indicative of scaphoid fracture.



The ST joint and trapezium are palpated just distal to the scaphoid. Opposition of the thumb to the small finger and ulnar deviation of the wrist makes the trapezium more prominent and easier to palpate. Circumduction of the thumb while palpating facilitates differentiation between the base of the thumb metacarpal and the adjacent trapezium. Tenderness in this region may indicate ST arthritis, which may result from scaphoid instability.25

The base of the first metacarpal and the first CMC joint are localized by palpating in a proximal direction along the dorsal aspect of the flexed first metacarpal until a small depression can be felt. This depression represents the first CMC joint. Tenderness here is often caused by degenerative arthritis. The grind test has been described for CMC arthritis26 and involves axial compression of the first metacarpal with rotation (Fig. 7-7). This clinical maneuver grinds the articular surfaces of the base of the first metacarpal and the trapezium. A positive test elicits pain, and crepitus may be felt. First CMC joint arthritis may be accompanied with radial subluxation of the base of the first metacarpal. If the subluxation is more than 2 to 3 mm, the outline of the thumb will form a step called the “shoulder sign”27 (Fig. 7-8). Occasionally, CMC joint pain may be caused by laxity or instability. To test for CMC joint instability or laxity, the metacarpal is distracted and moved in a side-to-side or radioulnar direction while the trapezium is stabilized. Comparison with the opposite side allows determination of whether joint laxity or instability is present.
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Figure 7-7 Grind test for arthritis of the carpometacarpal joint of the thumb is performed by applying axial pressure with rotation.
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Figure 7-8 “Shoulder sign,” indicating radial subluxation of the base of the first metacarpal seen with first carpometacarpal joint arthritis.



The EPB and APL tendons make up the first extensor compartment and form the radial border of the anatomic snuffbox. The thumb is extended and radially abducted to allow identification and palpation of these tendons. Fullness, tenderness, and nodularity may be indicative of de Quervain’s tenosynovitis. Finkelstein’s test is used to detect de Quervain’s tenosynovitis.28 This test involves flexion of the thumb combined with ulnar deviation of the wrist (Fig. 7-9). A positive test produces pain localized to the radial aspect of the wrist.
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Figure 7-9 Finkelstein’s test for de Quervain’s tenosynovitis involves flexion of the thumb combined with ulnar deviation of the wrist.



The EPL tendon forms the ulnar border of the snuffbox. With the palm facing down, the thumb is extended toward the ceiling to allow identification and palpation of the EPL. The excursion of the tendon should be noted and compared with the opposite side. The EPL tendon passes around Lister’s tubercle on its path to the thumb and can rupture or become adherent after distal radius fractures, resulting in loss of or incomplete thumb extension.4 EPL tendinitis, also referred to as drummer’s palsy,29 presents clinically as tenderness of the third extensor compartment just ulnar to Lister’s tubercle.

Intersection syndrome refers to friction at the point where the muscle bellies of the EPB and the APL cross over the radial wrist extensor tendons proximal to the wrist, resulting in an inflammatory peritendinitis.30 This condition may result from activities or sports that require forceful, repetitive wrist flexion and extension, such as rowing, weight lifting, and racquet sports. Friction and crepitus may be palpated 4 to 5 cm proximal to the radial styloid during wrist flexion and extension with radial deviation and has led to the name “squeaker’s wrist”31 (Fig. 7-10). The muscle bellies of the EPB and APL may be palpated proximally while the thumb is actively moving to further identify tenderness or crepitus.
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Figure 7-10 Location of symptoms of intersection syndrome 4 to 5 cm proximal to the radial styloid.



The DRSN travels along the dorsal radial aspect of the wrist and can become implicated in a variety of radial-sided injuries. Irritation of the DRSN is referred to as Wartenberg’s syndrome or Wartenberg’s neuralgia.32 Because of its superficial location, the DRSN is easily susceptible to any compressive forces, such as tight externally applied wrist straps. Forearm position can accentuate the discomfort of DRSN compression. When the forearm is supinated, the DRSN lies between the tendons of the brachioradialis and the extensor carpi radialis longus (ECRL) without compression from these two tendons. When the forearm is pronated, however, the ECRL tendon crosses under the brachioradialis tendon and in a scissor-like fashion creates compression of the DRSN.33 Palmar, ulnar flexion of the wrist puts the nerve on stretch. When irritated, the DRSN causes numbness, tingling, burning, and pain over the dorsal radial aspect of the hand (Fig. 7-11). Percussion along the course of the nerve produces tingling and pain, and this may radiate distally. Sensibility over the dorsal web and dorsum of the thumb may be diminished and can be assessed with Semmes-Weinstein monofilaments.32
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Figure 7-11 Cutaneous distribution of the dorsal radial sensory nerve.




Central Dorsal Zone

The structures of the central dorsal zone include the dorsal rim of the distal radius, Lister’s tubercle, the lunate, the scapholunate interval, the capitate, and the base of the second and third metacarpals. The soft tissue structures include the tendons of the second and fourth extensor compartments and the posterior interosseous nerve (PIN).

To locate the dorsal rim of the distal radius, the examiner should palpate the radial styloid and move dorsally. Tenderness in this area may be caused by impingement of the scaphoid on the distal radius. This condition may be caused by activities such as gymnastics in which repetitive contact of the scaphoid on the dorsal rim of the distal radius occurs during wrist hyperextension. As a response to the repeated stress, the body forms a spur, or osteophyte, on the distal radius, which is painful with pressure or with hyperextension and radial deviation of the wrist.34,35

Lister’s tubercle forms a bony prominence over the dorsal and distal end of the radius and can easily be palpated (Fig. 7-12, online). It is helpful to use as a landmark when localizing other structures.
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Figure 7-12 Palpation of Lister’s tubercle.



The lunate is found just distal and ulnar to Lister’s tubercle with the wrist flexed. In this position the lunate forms a rounded prominence (Fig. 7-13, online). Tenderness with palpation of the lunate can indicate Keinböck’s disease—avascular necrosis of the lunate.36
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Figure 7-13 Palpation of the lunate.



The scapholunate interval is found just distal to Lister’s tubercle between the third and fourth extensor compartments. Dorsal wrist ganglions are the most common mass on the dorsum of the hand and often arise from the scapholunate interval.37 These ganglions are generally soft and freely moveable and are more easily palpable with the wrist flexed. Tenderness may be present with wrist flexion or extension secondary to compression of the ganglion. An occult ganglion is one that is suggested by patient history and complaints of pain with deep palpation but that is not detectable by clinical exam.38,39 Sometimes confused with a ganglion is the muscle belly of the extensor manus brevis, which is a vestigial wrist extensor. The extensor manus brevis is an extra muscle–tendon unit for the index or long fingers found distal to the retinaculum.40

Tenderness or fullness in the scapholunate region may indicate scapholunate ligament injury, occult ganglion, or dorsal wrist syndrome, described by Watson41 as localized scapholunate synovitis that occurs secondary to overstress of ligaments in this area. The finger extension test, used to demonstrate dorsal wrist syndrome, involves resisted long finger extension with the wrist in flexion (Fig. 7-14, online). The test is positive if pain is produced in the scapholunate region.41 Kayalar and associates compared surgical findings with preoperative test results of the finger extension test in a series of patients diagnosed with occult dorsal wrist ganglion and found 92% diagnostic accuracy of the finger extension test for occult dorsal wrist ganglion.42
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Figure 7-14 Resisted finger extension test for dorsal wrist syndrome.



Scapholunate ligament injury can lead to scaphoid instability and rotary subluxation of the scaphoid. This involves dissociation of the scaphoid and the lunate and rotation of the scaphoid to a volar-flexed position. Watson41 identified five clinical signs for rotary subluxation of the scaphoid. These include tenderness over the scaphoid in the snuffbox, scaphotrapezial-trapezoid (STT) joint synovitis and tenderness, dorsal scapholunate synovitis, a positive finger extension test, and an abnormal scaphoid shift test.41

The scaphoid shift test (SST), also referred to as the Watson test or the radial stress test, was described by Watson and coworkers43 as a provocative maneuver to assess scaphoid stability (Fig. 7-15). To perform the SST, pressure is applied over the volar prominence of the scaphoid, found at the base of the thenar crease as the wrist is moved from ulnar deviation to radial deviation with slight flexion. Normally, with radial deviation, the scaphoid palmar flexes. With ligament laxity or disruption, and under pressure from the examiner’s thumb, the proximal pole of the scaphoid shifts up onto the dorsal rim of the distal radius. When thumb pressure is withdrawn, the scaphoid returns with a clunk. A positive test is one that reproduces the patient’s symptoms, usually a painful clunk. The test may be falsely positive in up to one third of individuals and is thought to be due to ligamentous hyperlaxity that permits capitolunate translation with similar findings.44
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Figure 7-15 Watson’s test for scaphoid instability. A, Starting position is with the wrist in ulnar deviation and slight wrist extension with the examiner’s thumb over the volar prominence of the scaphoid. B, The wrist is moved to radial deviation with slight wrist flexion while maintaining thumb pressure over the scaphoid. A positive test produces a painful clunk, which reproduces the patient’s symptoms.



The validity of the SST has been studied by LaStayo and Howell.45 They found a 69% sensitivity and a 66% specificity, indicating that approximately one third of the scapholunate injuries in their sample population were missed and that approximately one third of those individuals who did not have an injury tested positively.

Lane46 has described the scaphoid thrust test, which involves pushing on the tubercle of the scaphoid in a dorsal direction. A dorsal shift of the scaphoid is apparent with scapholunate instability.

The scapholunate ballottement test may also be used to assess scapholunate instability.47 This test involves grasping the scaphoid with the thumb and finger with one hand while stabilizing the lunate with the other. The scaphoid is then moved in a volar and dorsal direction on the lunate, and any pain or increased movement relative to the other side is noted.

Palpating in a proximal direction over the dorsal surface of the third metacarpal until a small depression is felt localizes the capitate. Tenderness here may be associated with scapholunate or lunotriquetral instability or with capitolunate degenerative disease, which occurs with scapholunate advanced collapse, or SLAC, wrist. The SLAC wrist has undergone a pattern of degenerative change that is based on and caused by articular alignment problems among the scaphoid, the lunate, and the radius.21

The base of the second and third metacarpals and the CMC joints are localized by palpating proximally along the dorsal surfaces of the index and long metacarpals to their respective bases (Fig. 7-16). Tenderness may indicate injury to the CMC joints and ligaments, which can occur with forced palmar flexion of the wrist and hand.48 A bony prominence at the base of the second and third metacarpal may be a carpal boss. A carpal boss is not necessarily a pathologic process, but rather a variation found in some individuals. It may represent hypertrophic changes of traumatic origin. These can occasionally cause pain and irritation of the local soft tissues.49
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Figure 7-16 Palpation of the second and third carpometacarpal joints.



The Linscheid test is performed to detect ligament injury and instability of the second and third CMC joints.50 This test is performed by supporting the metacarpal shafts and pressing distally over the metacarpal heads in a palmar and dorsal direction. A positive test produces pain localized to the CMC joints.

The metacarpal stress test involves fully flexing the metacarpophalangeal (MCP) joint and pronating and supinating the metacarpal (Fig. 7-17, online).51 This test helps detect pain and injury at the CMC joint.
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Figure 7-17 Metacarpal stress test performed by flexing the metacarpophalangeal joint and pronating and supinating the metacarpal. This test helps to detect pain and injury at the carpometacarpal joints.



The ECRL and the extensor carpi radialis brevis (ECRB) travel radial to Lister’s tubercle, insert at the base of the second and third metacarpals, and act to extend and radially deviate the wrist. The extensor digitorum communis (EDC) travels ulnar to Lister’s tubercle and acts to extend the MCP joints of the digits. Tenderness, nodularity, and fullness of the tendons and pain with resisted motion may indicate tendinitis. The function of the EDC tendons should be assessed by having the patient extend at the MCP joints and then fully extend the digit. Incomplete excursion of a digital extensor tendon suggests tendon adherence or incipient rupture, which can occur at the level of the wrist with rheumatoid arthritis or after distal radius fractures that have had dorsal plate fixation.52

The PIN, which is mainly a motor nerve to the finger extensors, ends in the dorsal capsule of the wrist. This nerve may be a source of pain when a ganglion develops and distends the wrist capsule. Neuromas of the PIN after wrist surgery performed from a dorsal approach can be a reason for persistent postoperative pain. PIN neuritis is characterized by pain with palpation over the dorsal aspect of the wrist and proximal to Lister’s tubercle.53


Ulnar Dorsal Zone

The structures of the ulnar dorsal zone include the ulnar styloid and the ulnar head, the DRUJ, the TFCC, the hamate, the triquetrum, the lunotriquetral (LT) interval, the fourth and fifth CMC joints, and the extensor carpi ulnaris (ECU).

The ulnar head forms a rounded prominence on the ulnar side of the wrist. It is easily palpated and most prominent with the forearm in pronation. The ulnar styloid is localized ulnar and slightly distal to the ulnar head. Tenderness in this region may be caused by an ulnar styloid fracture or nonunion.

The DRUJ is formed by the sigmoid notch of the radius and the ulnar head and is palpated just radial to the ulnar head (Fig. 7-18, online). Tenderness here may be caused by incongruity or instability with DRUJ arthritis. Prominence of the distal ulnar head is a sign of DRUJ instability and may be associated with a piano key sign (Fig. 7-19, online). Gentle downward pressure is applied to the distal end of the ulna with the forearm in pronation. The head moves volarly but springs back when pressure is released, resembling the action of a piano key. When this maneuver causes pain, the subject may vocalize a “note” of pain.54
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Figure 7-18 Palpation of the distal radioulnar joint, just radial to the dorsal prominence of the head of the ulna.
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Figure 7-19 Piano key sign for distal radioulnar joint instability. Gentle downward pressure is applied to the distal end of the ulna with the forearm in pronation. The head will move volarly and spring back when released, resembling the action of a piano key.



A variation of the piano key sign, the piano key test, is also used to assess DRUJ instability55 (Fig. 7-20, online). To perform this test, the distal ulna is grasped and moved passively in a volar and dorsal direction at the extremes of pronation and supination. Pain, tenderness, and increased mobility relative to the uninjured side suggest DRUJ instability.
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Figure 7-20 Piano key test for distal radioulnar joint instability. The distal ulna is grasped and moved in the volar or dorsal plane at the extremes of pronation (A) and supination (B).



The ulnar compression test involves the application of radially directed pressure on the ulnar head into the sigmoid notch of the radius. When combined with pronation and supination, compression of the DRUJ is painful in the presence of arthritis.20

The TFCC is the soft tissue and ligamentous support for the DRUJ and ulnar carpus. The components of the TFCC include the triangular fibrocartilage (TFC) proper or articular disk, the volar and dorsal radioulnar ligaments, the ulnocarpal ligaments, the ECU sheath, and the LT interosseous ligament.56

The TFCC is palpated between the head of the ulna and the triquetrum. By palpating the shaft of the ulna from proximal to distal along its lateral aspect, the examiner reaches the ulnar styloid. With continued palpation more deeply and in a palmar direction, the fovea can be detected (Fig. 7-21). The fovea is a groove at the base of the ulnar styloid that serves as an attachment point for the TFCC. Berger and Dobyns57 describe the ulnar fovea sign, which is detected by the examiner pressing his or her thumb distally into the interval between the patient’s ulnar styloid process and flexor carpi ulnaris (FCU) tendon, between the volar surface of the ulnar head and the pisiform. A positive sign is indicated by tenderness that replicates the patient’s pain.58 The ulnar fovea sign has been found to detect foveal disruptions of the distal radioulnar ligaments or ulnotriquetral (UT) ligament injuries with 95.2% sensitivity and 86.5% specificity.58 The authors state that differentiation between the two conditions can be made clinically by the presence or absence of DRUJ instability, which is present with foveal disruptions of the radioulnar ligaments but not with UT ligament injuries.
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Figure 7-21 Palpation of the fovea, which is a groove at the base of the ulnar styloid. Tenderness may indicate triangular fibrocartilage complex injury.



Kleinman stresses the importance of testing the integrity of the palmar and dorsal fibers of the ligamentum subcruentum, which refers to the deep components of the TFCC inserting into the ulnar styloid fovea.59 With the patient’s forearm in full supination (dorsal fibers of the ligamentum subcruentum are under maximum tension), the examiner, sitting opposite the patient, applies a volarly directed pressure on the distal ulna while pulling the radiocarpal unit dorsally. If the deep dorsal fibers of the ligamentum subcruentum are injured this maneuver will result in pain and with greater injury, subluxation or gross instability. The test is repeated with the forearm in pronation (palmar fibers of the ligamentum subcruentum are under tension) and applying a dorsally directed pressure on the distal ulna and pulling the radiocarpal unit volarly. In this position, pain resulting is attributed to involvement of the palmar fibers of the ligamentum subcruentum.59

Ulnocarpal abutment, a condition involving abutment or impaction of the TFCC between the end of a long ulna (with positive variance) and the triquetrum, may also cause tenderness in this region.60 The TFCC load test is performed to detect ulnocarpal abutment or TFCC tears (Fig. 7-22, online). It is performed by ulnarly deviating and axially loading the wrist and moving it volarly and dorsally or by rotating the forearm. A positive test elicits pain, clicking, or crepitus and reproduces the subject’s symptoms.55 Friedman and Palmer61 describe the ulnocarpal stress test for the evaluation of ulnocarpal abutment. The test is performed by moving the forearm through supination and pronation with the wrist maximally deviated ulnarly, which increases the axial load on the ulnar wrist. A positive test reproduces ulnar wrist pain with rotation. Nakamura found that the test was sensitive but not specific for ulnar-sided pathology.62
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Figure 7-22 Triangular fibrocartilage complex (TFCC) load test. Axial load, ulnar deviation, and rotation are applied to the wrist to detect a painful TFCC tear or ulnocarpal abutment.



Lester and colleagues describe the “press test,” which is a simple provocative test to detect TFCC tears. The seated patient pushes up off the chair using the affected wrist, thus creating an axial ulnar load.63 A positive test produces ulnar wrist pain that replicates the patient’s presenting complaint. The authors report 100% sensitivity in a review of 14 patients comparing preoperative test results with surgical findings.

Ulnocarpal instability is caused by disruption of the ulnocarpal ligaments and the TFCC and is characterized by a volar sag and supination of the ulnar carpus (see Fig. 7-3, online). The relocation test, described by Prosser,64 involves the combined movement of carpal pronation and anterior to posterior glide of the carpus on the ulna, which relocates the carpus into normal alignment (Fig. 7-23, online). The test is positive if the relocation of the subluxed ulnar carpus reduces the patient’s wrist pain.64
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Figure 7-23 Relocation test described to detect ulnocarpal instability. The wrist with a volar sag and supinated posture is relocated into normal alignment.



The pisiform boost test is similar to the relocation test.57 Dorsally directed pressure is applied over the palmar aspect of the pisiform, resulting in a lifting of the carpus. This test may result in pain, crepitus, or clicking, suggestive of involvement of the ulnar support structures of the wrist.

The hamate is palpable proximal to the base of the fourth and fifth metacarpals. Dorsal tenderness of the hamate may indicate fracture.65

The triquetrum is palpated just distal to the ulnar styloid in the “ulnar snuffbox,” a term used by Beckenbaugh50 to refer to the interval between the FCU and the ECU tendons. The wrist should be radially deviated to palpate the triquetrum because the proximal carpal row slides ulnarly with wrist radial deviation. Tenderness may indicate triquetral fracture or instability.

Pain, swelling, and tenderness in the dorsal triquetral-hamate area is suggestive of midcarpal instability.66,67 This condition, which may be caused by ligament laxity or disruption, is characterized by a volar sag on the ulnar side of the wrist and a clunk that occurs as the wrist moves from radial to ulnar deviation. The midcarpal shift test (catch-up clunk test, pivot shift test) is performed by placing a palmarly directed load over the capitate and then ulnarly deviating the wrist with simultaneous axial load (Fig. 7-24).68 A positive test is one that produces a painful clunk, which reproduces the patient’s symptoms. The clunk represents the abrupt change in position of the proximal carpal row from flexion to extension as the head of the capitate engages the lunate and the hamate engages the triquetrum under compressive load as the wrist moves from radial to ulnar deviation. Lichtman and coworkers68 have developed a grading system for the midcarpal shift test based on the degree of palmar midcarpal translation and the presence of a clunk. Feinstein and associates’ quantitative assessment of the midcarpal shift test69 confirmed its validity and usefulness as an indicator of midcarpal instability.
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Figure 7-24 Midcarpal shift test. A, The palmarly directed load is placed over the capitate to achieve midcarpal palmar translation. B, This is followed by ulnar deviation with simultaneous axial load. A positive test produces a painful clunk, which reproduces the patient’s symptoms.



The LT interval is palpated just ulnar to the lunate in line with the fourth ray between the EDC and the extensor digiti quinti tendons. Tenderness and swelling in this region may be caused by LT instability. The ballottement test for LT instability is performed by stabilizing the lunate and attempting to displace the triquetrum volarly and dorsally with the other hand (Fig. 7-25). A positive test elicits pain, clicking, or laxity.70
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Figure 7-25 Lunotriquetral (LT) ballottement test to assess for LT instability. The lunate is stabilized with one hand while the other attempts to displace the triquetrum volarly and dorsally on the lunate. A positive test elicits painful clicking.



LaStayo and Howell45 found that the sensitivity of the ballottement test to discover a true injury was 64%; that is, approximately one third of LT injuries were missed with this test. The specificity was 44%, suggesting that more than half of those who tested positively had no injury to the LT ligament.45

Kleinman has described a shear test for LT instability (Fig. 7-26). The examiner’s fingers are placed dorsal to the lunate and the thumb is placed on the pisotriquetral complex. With the lunate supported, the pisotriquetral complex is loaded in the anteroposterior plane, creating a shear force across the LT joint. The wrist is then ulnarly and radially deviated. The test is positive if pain or clicking is produced.71
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Figure 7-26 Shear test for lunotriquetral (LT) instability. Shear force is applied to the LT joint by loading the pisotriquetral complex in a dorsal direction with the lunate stabilized dorsally and then deviating the wrist in an ulnar and radial direction.



The ulnar snuffbox test involves lateral pressure on the triquetrum in the sulcus distal to the ulnar head formed by the ECU and FCU tendons (Fig. 7-27, online). A positive test reproduces the patient’s pain, suggesting LT instability.72
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Figure 7-27 Ulnar snuffbox test for lunotriquetral instability involves lateral pressure on the triquetrum in the sulcus distal to the ulnar head formed by the extensor carpi ulnaris and flexor carpi ulnaris tendons.



The fourth and fifth CMC joints are localized by palpating proximally along the dorsal surfaces of the fourth and fifth metacarpals to their base. Tenderness in this region may indicate ligament injury or fracture.

The ECU tendon is palpated in the gap between the ulnar styloid and the base of the fifth metacarpal with the forearm in pronation and during active ulnar deviation. Tenderness and pain with resisted motion may indicate tendinitis. Ruland and Hogan describe the ECU synergy test as an aid to diagnose ECU tendinitis.73 The test exploits an isometric contraction of the ECU during resisted radial abduction of the thumb with the wrist neutral and forearm supinated. During this maneuver the ECU and FCU fire synergistically to stabilize the wrist, which was confirmed by the authors electromyographically. The test is considered positive when the patient reports ulnar-sided wrist pain. The test minimizes loading of other ulnocarpal structures and allows differentiation between intra-articular and extra-articular pathology.

Pain and snapping with forearm rotation may be caused by ECU subluxation. The ECU tendon is normally held securely in the ulnar groove of the distal ulna by the ECU sheath. With disruption of the sheath, the ECU tendon subluxes and snaps during forearm rotation as it slides out of its groove and bowstrings ulnarly and volarly across the ulnar styloid73,74 (Fig. 7-28). To test for ECU subluxation, the forearm is supinated and the wrist is ulnarly deviated while the tendon is observed and palpated to assess for ulnar and volar subluxation.75
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Figure 7-28 The extensor carpi ulnaris (ECU) tendon. To test for ECU subluxation, the forearm is supinated and the wrist ulnarly deviated; the tendon is then observed and palpated to assess for ulnar and volar subluxation.




Radial Volar Zone

Structures to assess in the radial volar zone include the radial styloid, the scaphoid tuberosity, the STT joint, the trapezial ridge, the flexor carpi radialis (FCR), the palmaris longus if present, the digital flexor tendons, the median nerve, and the radial artery.

The radial styloid is located at the base of the anatomic snuffbox. Palpate in a palmar direction to find its volar aspect (Fig. 7-29, online). Tenderness here may be caused by distal radius fractures or by radiocarpal ligament injury. Wrist extension and radial deviation accentuates discomfort in the case of extrinsic ligament injury.55
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Figure 7-29 Palpation of the volar aspect of the radial styloid.



The scaphoid tuberosity can be found just distal to the volar aspect of the distal radius at the base of the thenar crease (Fig. 7-30, online). While palpating this area, the wrist can be moved from ulnar to radial deviation. The scaphoid assumes a flexed position and becomes more prominent and more easily identifiable in radial deviation. Tenderness over the volar scaphoid may indicate scaphoid disease.52
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Figure 7-30 Palpation of the volar prominence of the scaphoid. Radial deviation of the wrist causes the scaphoid to assume a flexed position, making it more prominent and easier to palpate.



The STT joint can be found just distal to the scaphoid tuberosity. Tenderness here can be caused by STT arthritis, a common cause for radial volar wrist pain. As the wrist moves into radial deviation, the scaphoid is forced into a flexed position by the trapezium. With arthritis of the STT joint, radial deviation is often painful and restricted.52

Another cause for radial volar wrist symptoms is a volar wrist ganglion, which is the second most common mass of the hand after the dorsal wrist ganglion. The volar ganglion may arise from the radiocarpal or STT joints and manifests clinically as a swelling or soft mass at the base of the thumb to the distal third of the volar forearm.52

The trapezium is located just distal to the distal pole of the scaphoid. Tenderness over the trapezium may indicate trapezial fracture. Ulnar to the scaphoid tuberosity is the FCR tendon, which flexes and radially deviates the wrist. Tenderness and swelling of the tendon and pain with resisted movement are signs of tendinitis.

The digital flexor tendons and the palmaris longus, present in 87% of limbs,76 are ulnar to the FCR. To define the palmaris longus, the thumb and small finger are opposed and the wrist flexed. Swelling over the flexor tendons and discomfort with active finger flexion are associated with flexor tenosynovitis.

The median nerve is deep and ulnar to the palmaris longus. Tinel’s sign and Phalen’s tests are clinical tests used to identify median nerve compression at the wrist—that is, CTS. To perform Tinel’s test,77 the median nerve is gently percussed at the wrist level (Fig. 7-31, online). A positive test produces pain and tingling that radiates to the fingers in the median nerve distribution. Phalen’s test78 involves passive flexion of the wrist for 15 to 60 seconds (Fig. 7-32). A positive test produces numbness and tingling in the distribution of the median nerve.78 Smith and coworkers79 described a modification of Phalen’s test that involves pinching the thumb and index with the wrist flexed; they found that this was more reliable in young people. The Durkan carpal compression test involves application of direct pressure over the carpal tunnel.80 MacDermid and Doherty, in a narrative review, reported that Phalen’s test and the carpal compression test have the highest overall accuracy, whereas Tinel’s nerve percussion test is more specific to axonal damage that may occur as a result of moderate to severe CTS. Sensory evaluation of light touch and vibration can detect early sensory changes, but two-point discrimination and thenar atrophy indicate more advanced nerve compression.81
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Figure 7-31 Tinel’s sign involves light percussion of the median nerve at the wrist level to detect median nerve compression within the carpal canal.
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Figure 7-32 Phalen’s test for median nerve compression at the wrist involves passive flexion of the wrist for 15 to 60 seconds. A positive test produces numbness and tingling in the distribution of the median nerve.



Graham and colleagues developed standardized clinical diagnostic criteria for CTS, which include numbness in the median nerve distribution, nocturnal numbness, weakness or atrophy of the thenar musculature, positive Tinel’s sign, positive Phalen’s test, and loss of two-point discrimination.82 The authors assert that these criteria should lead to more effective treatment by improving the consistency of the diagnosis of CTS.

The radial artery lies radial to the FCR. Allen’s test is used to assess the patency of the radial and ulnar arteries (Fig. 7-33, online).83 To perform this test, the patient makes a tight fist and the examiner occludes both the radial and ulnar arteries. The subject opens and closes the hand until the skin is white and blanched. The radial artery is then released while compression of the ulnar artery is maintained, and the palm is observed for flushing, which indicates blood flow. If there is no flush or if flushing is delayed relative to the uninvolved side, occlusion may be present. The test is repeated to assess the ulnar artery. Symptoms of arterial occlusion include coldness and pain.


[image: images]

Figure 7-33 Allen’s test to evaluate the radial and ulnar arteries. A, Subject makes a tight fist several times while the examiner occludes both arteries until the skin is white and blanched. B, One of the arteries is released and the palm is observed for flushing. The test is repeated for the other artery.



Gelberman and Blasingame introduced a variation, the timed Allen test, which records the time it takes for color to return to the hand after either the ulnar or radial artery compression is released.84 He found the average time for radial artery refill was 2.4 seconds ±1.2 and 2.3 seconds ±1.0 for the ulnar artery in a study of 800 hands. The digital Allen test is performed by occluding both digital arteries at the base of the finger and having the patient flex and extend the finger several times to blanch the finger and then observe for return of color.85


Ulnar Volar Zone

The structures to assess in the ulnar volar zone include the pisiform, the hook of the hamate, the FCU, and the ulnar nerve and artery.

The pisiform is located at the base of the hypothenar eminence at the flexion crease of the wrist. It is a carpal sesamoid bone that overlies the triquetrum and lies within the fibers of the FCU. With the hand relaxed, the pisiform can be moved easily from side to side. Tenderness with palpation of the pisiform may indicate fracture or pisotriquetral arthritis, which can occur with impact loading on the ulnar side of the wrist and proximal palm, resulting in impaction of the pisotriquetral articular surface.86

The shear test for pisotriquetral arthritis involves pushing or rocking the pisiform into or across the triquetrum (Fig. 7-34, online). A positive test elicits pain or crepitus.55
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Figure 7-34 Pisotriquetral shear test for arthritis involves pushing the pisiform into or across the triquetrum.



The hook of the hamate is found in the hypothenar eminence radial and 1 to 2 cm distal to the pisiform. Tenderness may indicate hamate fracture. Pain may be accentuated with resisted flexion of the ring and small fingers with the wrist in ulnar deviation because the flexor tendons of the ring and small fingers rub against the fractured surface of the hamate during flexion.87

Thrombosis of the ulnar artery may cause ulnar-sided pain and coldness. This may result from repeated impact on the ulnar side of the palm when using the hand to substitute for a hammer. This is referred to as ulnar hammer, or hypothenar hammer, syndrome.88 Allen’s test, described previously, is used to detect occlusion of the ulnar artery.

Cyclist’s palsy refers to ulnar-nerve compression within Guyon’s canal. Long-distance cyclists often develop numbness and paresthesias in the small and ring fingers secondary to sustained compression of the ulnar nerve on the handlebars of their bicycle.88,89

The FCU is palpated on the ulnar, volar side of the wrist. This tendon is easily identified with wrist flexion, ulnar deviation, and fifth-finger abduction. Tenderness, fullness, and discomfort with resisted motion are signs of tendinitis.


General Tests

Additional tests for the assessment of wrist pain include the carpal shake test, the windmill test, and the sitting hands test. The carpal shake test is performed by grasping the distal forearm and “shaking” or passively extending and flexing the wrist. This is an “all or none” test; that is, lack of resistance or lack of complaint are significant, suggesting no pain at the wrist.57

The windmill test is performed by grasping the forearm and passively and rapidly moving the wrist in a circular pattern, simulating the rotation of a windmill.57 This is also an all or none test.

The sitting hands test is used to gauge the severity of wrist involvement.57 The subject places both hands on the seat of the chair and pushes off, attempting to hold himself or herself suspended using only hands. This maneuver produces great stresses in the wrist and is too difficult in the presence of significant synovitis.


Summary

Clinical examination of the wrist requires a thorough knowledge of wrist anatomy and pathology. The keys are to localize and identify the tender structures through systematic palpation and to reproduce the patient’s symptoms and identify instability through provocative testing. Not all of the previously described tests need to be performed for every clinical wrist examination. In general, tests are selected for their relevance to the most symptomatic area or structures of the wrist, identified after a screening assessment. It is important to keep in mind that clinical findings must be interpreted with caution. This is because many of the tests described require a subjective response from the patient and their response can be influenced by factors such as motivation to magnify symptoms or limited comprehension. North and Meyer90 correlated clinical and arthroscopic findings and concluded that it is possible to identify the region of injury based on a clinical examination, but not the specific ligament. Imaging and other diagnostic studies are needed to complete the evaluation of the wrist and to permit an accurate diagnosis.

REFERENCES

1. Palmer AK. Triangular fibrocartilage complex lesions: a classification. J Hand Surg. 1989; 14A: 594–606.

2. Mayfield J. Patterns of injury to carpal ligaments. Clin Orthop Relat Res. 1984; 187: 36–42.

3. Weber ER, Chao EY. An experimental approach to the mechanism of scaphoid waist fractures. J Hand Surg. 1978; 3: 142–148.

4. Burman M. Stenosing tenovaginitis of the dorsal and volar compartments of the wrist. AMA Arch Surg. 1952; 65: 752–762.

5. LaStayo PC, Wheeler DL. Reliability of passive wrist flexion and extension goniometric measurements: a multicenter study. Phys Ther. 1994; 74: 162–174.

6. Joint Motion: Method of Measuring and Recording. Chicago: American Academy of Orthopaedic Surgeons; 1965.

7. Palmer AK, Werner FW, Murphy D, Glisson R. Functional wrist motion: a biomechanical study. J Hand Surg. 1985; 10A: 39–46.

8. Ryu J, Cooney WP 3rd, Askew LJ, et al. Functional ranges of motion of the wrist joint. J Hand Surg. 1991; 16A: 409–419.

9. Waylett-Rendall J, Seibly DS. A study of the accuracy of a commercially available volumeter. J Hand Ther. 1991; 4: 10–13.

10. van Velze CA, Kluever I, van der Merwe CA, Mennen U. The difference in volume of dominant and non-dominant hands. J Hand Ther. 1991; 4: 6–9.

11. Czitrom AA, Lister GD. Measurement of grip strength in the diagnosis of wrist pain. J Hand Surg. 1988; 13A: 16.

12. LaStayo P, Weiss S. The GRIT: a quantitative measure of ulnar impaction syndrome. J Hand Ther. 2001; 14: 173–179.

13. Gelberman RH., et al. Sensibility testing in peripheral nerve compression syndrome: an experimental study in humans. J Bone Joint Surg. 1983; 65A: 632–638.

14. Shin AY, Deitch MA, Sachar K, Boyer MI. Ulnar-sided wrist pain: diagnosis and treatment. Instr Course Lect. 2005; 54: 115–128.

15. Bell SJ, Hofmeister EP, Moran SL, Shin AY. The diagnostic utility of midcarpal anesthetic injection in the evaluation of chronic wrist pain. Hand. 2007; 2: 39–45.

16. Freeland AE. Comment on “The diagnostic utility of midcarpal anesthetic injection in the evaluation of chronic wrist pain”. Hand. 2007; 2: 46–47.

17. Green DP. Diagnostic and therapeutic value of carpal tunnel injection. J Hand Surg Am. 1984; 9 (6):850–854.

18. Boyer MI. Corticosteroid injection for carpal tunnel syndrome. J Hand Surg Am. 2008; 33A: 1414–1416.

19. Torosian CM, Brown DE, Skirven T, Lichtman DM. Physical examination of the wrist. In: Lichtman DM, Alexander AH, eds. The Wrist and its Disorders. 2nd ed Philadelphia: WB Saunders; 1997:73–89.

20. Whipple TL. Preoperative evaluation and imaging. In: Whipple TL, ed. Arthroscopic Surgery: The Wrist. Philadelphia: JB Lippincott; 1992:69.

21. Watson HK, Ballet FL. The SLAC wrist: scapholunate advanced collapse pattern of degenerative arthritis. J Hand Surg Am. 1984; 9A: 358–365.

22. Ruby LK., et al. Relative motion of selected carpal bones: a kinematic analysis of the normal wrist. J Hand Surg Am. 1988; 13A: 1–10.

23. Osterman AL, Mikulics M. Scaphoid nonunion. Hand Clin. 1988; 14: 437–455.

24. Kondoyannis PN. A clinical sign in suspected fractures of the carpal scaphoid. J Bone Joint Surg Am. 1982; 64A: 784.

25. Watson HK, Ryu J. Evaluation of arthritis of the wrist. Clin Orthop Relat Res. 1986; 202: 57–67.

26. Swanson A. Disabling arthritis at the base of the thumb: treatment by resection of the trapezium and flexible implant arthroplasty. J Bone Joint Surg Am. 1972; 54A: 456–471.

27. Young D, Papp S, Giachino A. Physical examination of the wrist. Orthop Clin North Am. 2007; 38: 149–165.

28. Finkelstein H. Stenosing tenovaginitis at the radial styloid process. J Bone Joint Surg. 1930; 12: 509–540.

29. Kiefhaber TR, Stern PJ. Upper extremity tendinitis and overuse syndromes in the athlete. Clin Sports Med. 1992; 11: 39–55.

30. Grundberg AB, Reagan DS. Pathologic anatomy of the forearm: intersection syndrome. J Hand Surg Am. 1985; 10A: 299–302.

31. Parmelee-Peters K, Eathorne SW. The wrist: common injuries and management. Prim Care Clin Office Pract. 2005; 32: 35–70.

32. Szabo RM. Superficial radial nerve compression syndrome. In: Szabo RM, ed. Nerve Compression Syndromes. Thorofare, NJ: Slack; 1989:59.

33. Dellon AL, Mackinnon SE. Radial sensory nerve entrapment in the forearm. J Hand Surg Am. 1986; 11A: 199–205.

34. Linscheid RL, Dobyns JH. Athletic injuries of the wrist. Clin Orthop. 1985; 198: 141–151.

35. Weiker GG. Hand and wrist problems in the gymnast. Clin Sports Med. 1992; 11: 189–202.

36. Kienbock R. Concerning traumatic malacia of the lunate and its consequences: degeneration and compression fractures. Clin Orthop. 1980; 149: 4–8.

37. Kozin SH, Bishop AT. Ganglions of the wrist. In: Cooney WP, Linscheid RC, Dobyns JH, eds. The Wrist: Diagnosis and Operative Treatment. St Louis: Mosby; 1998:1166–1180.

38. Gunther SF. Dorsal wrist pain and the occult scapholunate ganglion. J Hand Surg. 1985; 10: 697–703.

39. Steinberg BD, Kleinman WB. Occult scapholunate ganglion: a cause of dorsal radial wrist pain. J Hand Surg Am. 1999; 24A: 225–231.

40. Shaw JA, Manders EK. Extensor digitorum brevis manus muscle, a clinical reminder. Orthop Rev. 1988; 17: 867–869.

41. Watson HK. Comments on the wrist. Presented at an ASHT continuing education program Comprehensive Approach to Challenging Wrist Problems. St Louis: 1993.

42. Kayalar M, Vatansever A, Bal E, et al. The importancy of finger extension test in the diagnosis of occult wrist ganglion. Acta Orthop Traumatol Turc. 2007; 41 (1):42–47.

43. Watson HK, Ashmead D, Makhlouf MV. Examination of the scaphoid. J Hand Surg Am. 1988; 13A: 657–660.

44. Wolfe SW, Gupta A, Crisco JJ. Kinematics of the scaphoid shift test. J Hand Surg Am. 1997; 22A: 801–806.

45. LaStayo P, Howell J. Clinical provocative tests used in evaluating wrist pain: a descriptive study. J Hand Ther. 1995; 3: 10–17.

46. Lane LB. The scaphoid shift test. J Hand Surg. 1993; 18: 366–368.

47. King GJ, McMurtry RY. Physical examination of the wrist and hand. In: Gilula LA, Yin Y, eds. Imaging of the Wrist and Hand. Philadelphia: WB Saunders; 1996:28.

48. Carroll RE, Carlson E. Diagnosis and treatment of injury to the second and third carpometacarpal joints. J Hand Surg Am. 1989; 14A: 102–107.

49. Joseph RB., et al. Chronic sprains of the carpometacarpal joints. J Hand Surg. 1981; 6: 172–180.

50. Beckenbaugh RD. Accurate evaluation and management of the painful wrist following injury. Orthop Clin North Am. 1984; 15: 289–306.

51. Fusi S, Watson HK, Cuono CB. The carpal boss: a 20 year review of operative management. J Hand Surg. 1995; 20: 405–408.

52. Cooney WP, Bishop AT, Linscheid RL. Physical exam of the wrist. In: Cooney WP, Linscheid RL, Dobyns JH, eds. The Wrist: Evaluation and Operative Treatment. St Louis: Mosby; 1998:236–261.

53. Dellon AL, Seif SS. Anatomic dissections relating to the posterior interosseous nerve to the carpus and the etiology of dorsal wrist ganglion pain. J Hand Surg. 1978; 3: 326–332.

54. Rana NA, Taylor AR. Excision of the distal end of the ulna in rheumatoid arthritis. J Bone Joint Surg Br. 1973; 55B: 96–105.

55. Lipschultz T, Osterman AL. New methods in the evaluation of chronic wrist pain. Univ Penn Orthop J. 1990; 6: 37–40.

56. Melone CP, Nathan R. Traumatic disruption of the triangular fibrocartilage complex. Clin Orthop Rel Res. 1992; 275: 65–73.

57. Berger RA, Dobyns JH. Physical examination and provocative maneuvers of the wrist. In: Gilula LA, Yin Y, eds. Imaging of the Wrist and Hand. Philadelphia: WB Saunders; 1996.

58. Tay SC, Tomita K, Berger RA. The “ulnar fovea sign” for defining ulnar wrist pain: an analysis of sensitivity and specificity. J Hand Surg Am. 2007; 32A: 438–444.

59. Kleinman WB. Stability of the distal radioulnar joint: biomechanics, pathophysiology, physical diagnosis, and restoration of function; what we have learned in 25 years. J Hand Surg Am. 2007; 32A (7):1086–1106.

60. Chun S, Palmer AK. The ulnar impaction syndrome: follow-up to ulnar shortening osteotomy. J Hand Surg Am. 1993; 18A: 46–53.

61. Friedman SL, Palmer AK. The ulnar impaction syndrome. Hand Clin. 1991; 7: 295–310.

62. Nakamura T, Yabe Y, Horiuchi Y. Functional anatomy of the triangular fibrocartilage complex. J Hand Surg. 1996; 21B: 581–586.

63. Lester B, Halbrecht J, Levy IM, Gaudinez R. “Press test” for office diagnosis of triangular fibrocartilage complex tears of the wrist. Ann Plast Surg. 1995; 35 (1):41–45.

64. Prosser R. Conservative management of ulnar carpal instability. Aust Physiother. 1996; 41: 41–48.

65. Polivy KD, Millender LH, Newberg A, et al. Fractures of the hook of the hamate: a failure of clinical diagnosis. J Hand Surg Am. 1985; 10A: 101–104.

66. Lichtman DM, Schneider JR, Swafford AR, Mack GR. Ulnar midcarpal instability: clinical and laboratory analysis. J Hand Surg Am. 1982; 7: 515–523.

67. Rao SB, Culver JE. Triquetralhamate arthrodesis for midcarpal instability. J Hand Surg Am. 1995; 20A: 583–589.

68. Lichtman DM, Gaenslen ES, Pollack GR. Midcarpal and proximal carpal instabilities. In: Lichtman DM, Alexander CE, eds. The Wrist and Its Disorders. Philadelphia: WB Saunders; 1997:316–328.

69. Feinstein WK, Lichtman DM, Nobel PC, et al. Quantitative assessment of the midcarpal shift test. J Hand Surg. 1999; 24A: 977–983.

70. Reagan DS, Linscheid RL, Dobyns JH. Lunotriquetral sprains. J Hand Surg Am. 1984; 9A: 502–514.

71. Bednar JM, Osterman AL. Carpal instability: evaluation and treatment. J Am Acad Orthop Surg. 1993; 1: 10–17.

72. Ambrose L, Posner M. Lunate-triquetral and midcarpal joint instability. Hand Clin. 1992; 8: 653–668.

73. Ruland RT, Hogan CJ. The ECU synergy test: an aid to diagnose ECU tendonitis. J Hand Surg Am. 2008; 33A: 1777–1782.

74. Burkhart SS, Wood MB, Linscheid RL. Posttraumatic recurrent subluxation of the extensor carpi ulnaris tendon. J Hand Surg. 1982; 7: 1–3.

75. Eckhardt WA, Palmer AK. Recurrent dislocation of the extensor carpi ulnaris tendon. J Hand Surg. 1981; 6: 629–631.

76. Reimann RF, Daseler EH, Anson BJ, Beaton LE. The palmaris longus muscle and tendon: a study of 1600 extremities. Anat Rec. 1944; 489: 495.

77. Moldaver J. Tinel’s sign: its characteristics and significance. J Bone Joint Surg Am. 1978; 60A: 412–414.

78. Phalen G. The carpal tunnel syndrome: seventeen years experience in diagnosis and treatment of 654 hands. J Bone Joint Surg Am. 1966; 48A: 211–228.

79. Smith EM, Sonstegard DA, Anderson WT. Carpal tunnel syndrome: contribution of flexor tendons. Arch Phys Med Rehabil. 1977; 58: 379–385.

80. Durkan JA. The carpal-compression test: an instrumental device for diagnosing carpal tunnel syndrome. Orthop Rev. 1994; 23: 522–525.

81. MacDermid JC, Doherty T. Clinical and electrodiagnostic testing of carpal tunnel syndrome: a narrative review. J Orthop Sports Phys Ther. 2004; 34: 565–588.

82. Graham B, Regehr G, Naglie G, Wright JG. Development and validation of diagnostic criteria for carpal tunnel syndrome. J Hand Surg Am. 2006; 31A: 919.e1–919.e7.

83. Levinsohn DG, Gordon L, Sessler DI. The Allen’s test: analysis of four methods. J Hand Surg. 1991; 16: 279–282.

84. Gelberman RH, Blasingame JP. The timed Allen’s test. J Trauma. 1981; 21: 477–479.

85. Chloros GD., et al. Noninvasive evaluation of upper extremity vascular perfusion. J Hand Surg Am. 2008; 33A: 591–600.

86. Carroll RE, Coyle MP. Dysfunction of the pisotriquetral joint: treatment by excision of the pisiform. J Hand Surg Am. 1985; 10A: 703–707.

87. Bishop AT, Beckenbaugh RD. Fractures of the hamate hook. J Hand Surg. 1988; 13: 135–139.

88. Topper SM, Wood MB, Cooney WP. Athletic injuries of the wrist. In: Cooney WP, Linscheid RL, Dobyns JH, eds. The Wrist: Evaluation and Operative Treatment. St Louis: Mosby; 1998:1031–1074.

89. Wood MB, Dobyns JH. Sports related extra-articular wrist syndromes. Clin Orthop Relat Res. 1986; 202: 93–102.

90. North ER, Meyer S. Wrist injuries: correlation of clinical and arthroscopic findings. J Hand Surg. 1990; 15: 915–920.



CHAPTER 8

Clinical Examination of the Elbow

JOHN A. McAULIFFE, MD


HISTORY

PHYSICAL EXAMINATION

SPECIFIC DIAGNOSTIC MANEUVERS

ADDITIONAL DIAGNOSTIC MODALITIES

SUMMARY







CRITICAL POINTS

Valgus Instability

▪ Valgus instability is due to attenuation or rupture of the anterior bundle of the medial collateral ligament.

▪ Symptomatic medial collateral ligament injury is almost exclusively a problem of throwing athletes (e.g., pitchers or javelin throwers).

▪ Athletes usually present with the gradual onset of pain while throwing or an inability to throw with great force or velocity, although acute rupture of the ligament occasionally occurs.

▪ Due to the repetitive valgus stress of throwing, other medial elbow complaints may occur simultaneously, including medial epicondylitis, ulnar nerve irritation, and posteromedial elbow pain due to osteophyte impingement (valgus extension overload syndrome).

▪ Physical examination seldom reveals obvious gapping or instability, but relies on the reproduction of pain during a variety of valgus stress maneuvers.

Posterolateral Rotatory Instability

▪ Posterolateral rotatory instability is due to attenuation or rupture of the lateral ulnar collateral ligament.

▪ Posterolateral rotatory instability is usually a late result of elbow dislocation or subluxation.

▪ Iatrogenic injury to the lateral ligament complex, which usually occurs during surgery for lateral epicondylitis or radial head fracture, is another cause of posterolateral rotatory instability.

▪ Although patients may suffer recurrent dislocation or obvious subluxation, symptoms are often much more subtle, including pain, snapping, clunking, or locking, particularly when the elbow is placed in extension and supination.

▪ Frank instability or subluxation can rarely be reproduced during physical examination, except under anesthesia; however, apprehension and pain during extension and supination stress to the elbow are suggestive.



A relatively limited number of symptoms prompt a patient with elbow dysfunction to seek medical attention. The most commonly voiced complaint is elbow pain that may arise from the joint itself or from any of the myriad surrounding soft tissues.1 Although pain in or around a joint is usually the result of arthrosis, inflammation, or trauma of some sort, other, more subtle diagnostic possibilities must not be overlooked, including those of neurologic, metabolic, neoplastic, and even congenital origin. Complications related to prior surgical treatment or failed attempts at fracture fixation, specifically infection, nonunion, or malunion, may also be causes of pain.

Limitation of motion is the next most common elbow complaint. The elbow has the greatest functional range of motion of any joint in the upper extremity, and it has a great propensity for capsular contracture following even minor trauma or brief periods of immobilization.2 The unfortunate association of these two circumstances in a single joint makes loss of elbow motion a significant problem.

Instability of the elbow is encountered much less frequently than either pain or loss of motion, and for this reason it has only recently begun to be more clearly understood. Instability can be the result of a single traumatic event, such as dislocation, often accompanied by fracture and, in these circumstances, may even rarely manifest as recurrent dislocation.3 Although it seems counterintuitive, instability after major trauma to the elbow may cause significant pain, leading to stiffness and joint contracture. Instability may also result from chronic attritional injury to ligamentous structures as seen, for example, in throwing athletes.4 Patients with elbow instability often do not appreciate “giving way,” “clunking,” or other more obvious mechanical symptoms, but instead complain that they cannot use their elbows with force in certain positions or cannot perform certain activities with the power to which they are accustomed.

Weakness associated with attempted use of the elbow may accompany other presenting symptoms. In the absence of more proximal neurologic injury, this complaint is usually the result of an underlying painful process causing reflex inhibition or instability leading to apprehension.1


History

Examination of the elbow begins with a thorough history of the presenting complaint. If a specific traumatic episode has occurred, an attempt should be made to define the mechanism of injury as accurately as possible. Such information often suggests subtle diagnoses or patterns of injury that may involve anatomic areas other than the elbow itself. In the absence of a specific traumatic event, it is often helpful to inquire about any new or different activities that the patient had engaged in during the days and weeks preceding the onset of symptoms.

It is best to allow patients a minute or two at the beginning of the interview to explain matters in their own words; they may provide information that we would not think to ask about. Careful questioning then leads to establishing a list of differential diagnostic possibilities, which can guide the physical examination. Table 8-1 contains recommended questions to ask your patient during the history. Especially when visiting a specialist, patients often neglect to volunteer information that they believe is unrelated to the current problem. Associated complaints, including involvement of other joints, fever, malaise, and related constitutional symptoms, should be specifically sought. An accurate understanding of the general medical history is another important prerequisite for appropriate diagnosis and treatment.

Table 8-1 Recommended Questions to Ask During History Taking



	
1. When did symptoms first appear, and how have they changed over time?

2. Are the symptoms constant or intermittent?

3. Have you noticed any activity or circumstance that makes them better or worse?

4. Where are the symptoms? (I ask patients to “point with one finger” in an attempt to get as precise a localization as possible, although this is not always successful.)

5. If pain is present, can you describe it (aching, burning, stabbing) and rate its severity?

6. Does the pain radiate to other areas?

7. Have you taken medication for the pain? If so, what medication, how much, and how often?

8. Have you tried anything else that has helped, or worsened the symptoms?

9. Is there anything else you can think of that we have not yet talked about?





We should endeavor to understand not only the constellation of elbow symptoms that prompts the patient’s visit, but also, and perhaps more importantly, how these symptoms interfere with vocational and avocational function.1 Dynamic elbow instability may incapacitate an athlete, interfering with his or her livelihood, whereas it is often a minor annoyance that can be managed symptomatically in an older, more sedentary individual. Relatively minor joint contracture that might not even be considered for treatment in the average individual may occasionally prove disabling for certain musicians or skilled craftsmen.

When obtaining a history from an athlete with elbow complaints, detailed knowledge of the specific sport or activity can be of great benefit. For example, throwing athletes with ulnar collateral ligament insufficiency or other medial elbow disorders experience symptoms during the late cocking and acceleration phases of the throwing motion, whereas those with posterior elbow pathology more often complain of pain during deceleration and follow-through.5,6 Pitching style, innings pitched, average pitch count, and even the timing of the appearance of symptoms during training or seasonal play may all be important variables to consider.

An understanding of the response to previous treatment is helpful in both establishing a diagnosis and making plans for further efforts. The details of surgical procedures are appreciated most clearly after reviewing the operative record. Such documentation may provide an invaluable firsthand description of the status of articular surfaces or supporting soft tissue structures. It is particularly helpful to know how the ulnar nerve has been handled during previous surgery: Has the nerve been transposed anteriorly? Is it subcutaneous or submuscular? Occasionally, it may be helpful to speak directly with prior caregivers if adequate records are unavailable.


Physical Examination

In our zeal to determine the cause of elbow pain we must not focus so narrowly on the elbow that we miss other associated or causative pathologic conditions. Injury around the elbow may be associated with fracture or dislocation throughout the length of the linked bones of the forearm, particularly the distal radioulnar joint.7 An obvious fracture with significant deformity at the level of the elbow may draw our attention away from a more subtle, unrelated injury elsewhere in the limb. In athletes, shoulder dysfunction may alter throwing mechanics, resulting in secondary elbow pathology. It is imperative that the entire upper extremity be examined.8 Radiculopathy may occasionally manifest as elbow pain, necessitating careful examination of the cervical spine.9

It is helpful to have access to the entire upper limb, including the shoulder, during examination of the elbow. Access to a standard orthopedic examination table may be necessary, as certain maneuvers, especially when evaluating elbow instability, may be more easily performed with the patient supine. It is advisable, especially for the novice, to establish a “routine” examination that can be performed the same way each time.10 This helps to ensure that components of the examination are not omitted and makes follow-up more consistent and reliable. Normal or asymptomatic areas should be examined first, saving those areas that may be uncomfortable for the conclusion of the examination.11 Subtle or questionable findings may be confirmed by reference to the contralateral, presumably normal, extremity.12 Examination of the asymptomatic elbow first may help to relieve patient anxiety, making it more likely that subtle findings are elicited, particularly when evaluating elbow instability.11

All three of the major nerves in the upper extremity pass in close proximity to the elbow joint and can be injured or functionally impaired by elbow pathology. Careful documentation of neurologic function is necessary before any treatment is rendered. Supracondylar fractures of the humerus and, occasionally, elbow dislocation can result in critical vascular compression or disruption.13 In certain individuals, collateral arterial flow is insufficient, and injury to the brachial artery results in dysvascularity of the distal extremity. Failure to promptly recognize such injury can result in devastating consequences, such as compartment syndrome, secondary ischemic contracture, or loss of limb.


Inspection

Any physical examination begins with careful observation. Obvious signs of trauma, including edema, ecchymosis, or cutaneous injury, are noted. In all but the most obese individuals, the bony prominences of the medial humeral epicondyle and tip of the olecranon are apparent unless masked by overlying edema. The most obvious swelling to occur around the elbow is associated with olecranon bursitis, which may be either inflammatory or infectious in origin.

Occasionally, the ulnar nerve or medial triceps muscle can be seen to snap over the medial epicondyle during active range of motion (ROM), although this finding is usually more apparent during palpation of the medial elbow.14 The lateral humeral epicondyle may be visible in very thin individuals. There is normally a depression, the infracondylar recess, just distal and posterior to the lateral epicondyle, although it can sometimes only be appreciated by palpation. Hemarthrosis, joint effusion, or synovial proliferation may obliterate the recess, causing a visible bulge or swelling in this area.1,15 Muscular atrophy or hypertrophy may be appreciated by comparison with the contralateral extremity; athletes may exhibit significant hypertrophy in their dominant arms.10

The integrity and adequacy of the soft tissue envelope should be noted. The location of wounds; healed surgical incisions; and scarred, adherent, or atrophic skin resulting from previous injury must be documented carefully. Cutaneous scarring owing to thermal burns often causes significant joint contracture. Poor-quality soft tissue surrounding this superficial joint may influence available management options or may have to be addressed as part of the treatment plan, particularly if surgery is contemplated.

The carrying angle of the elbow is evaluated with the joint in full extension and the forearm in full supination. Although measures vary greatly, the normal elbow is in modest valgus, which has been reported to average 11 to 14 degrees in males and 13 to 16 degrees in females.1,16,17 The carrying angle may be 10 to 15 degrees greater in the dominant arm of throwing athletes due to adaptive remodeling of the bone as a result of repetitive stress.10 This angle can be difficult to evaluate in the face of a flexion contracture, because the carrying angle normally changes gradually from valgus to varus as the elbow is flexed.1

Alteration of the carrying angle may be caused by malunion of fractures around the elbow or a growth disturbance resulting from childhood injury to the physeal mechanism. Cubitus varus is caused by a reversal of the normal valgus carrying angle and, when significant, is termed a gunstock deformity. Cubitus valgus is used to describe an exaggeration of the normal valgus carrying angle. This deformity may cause a traction neuropathy of the ulnar nerve, resulting over many years in what has been termed tardy ulnar nerve palsy.18


Palpation

Because the elbow is relatively superficial, deliberate and systematic palpation performed with an appreciation of the underlying anatomy can yield significant diagnostic information. The major osseous landmarks around the elbow are directly palpable beneath the subcutaneous tissue.


Posterior

When viewed from behind, the tips of the medial epicondyle, lateral epicondyle, and olecranon form an isosceles triangle when the elbow is flexed; in full extension, these three landmarks are collinear (Fig. 8-1, online). In the event of supracondylar fracture of the humerus, this triangular configuration is maintained, although its relationship to the proximal humerus will be altered. Disruption of the symmetry of the triangle indicates that the relationship between the olecranon and the epicondyles has been altered, suggesting ulnohumeral dislocation or distal humeral growth disturbance.18
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Figure 8-1 When viewed from posteriorly, the tips of the medial epicondyle, lateral epicondyle, and olecranon normally form a triangle when the elbow is flexed 90 degrees, and become collinear in full extension. (From Morrey BF, ed. The Elbow and Its Disorders. 3rd ed. Philadelphia: WB Saunders; 2000; Fig. 4-7A; 65.)



Tenderness, thickening, and fluctuance over the tip of the olecranon are indicative of olecranon bursitis. These findings occasionally may be associated with a bony prominence at the tip of the bone or with fibrinous free-floating bodies within the bursa.15 Infectious bursitis may present with marked increased warmth, tenderness, and blanching of the skin.

The broad insertion of the triceps can be palpated and defects recognized in cases of rupture of this tendon, although local swelling and hemorrhage may make this difficult following acute injury.19 The posteromedial olecranon is a common site of tenderness, local articular cartilage injury, and osteophyte formation in throwing athletes20 (see subsequent section on Specific Diagnostic Maneuvers). Pain to palpation directly over the tip of the olecranon in an adolescent may be caused by apophysitis.

Osteophyte formation on the most proximal extent of the olecranon is commonly seen in cases of primary osteoarthritis.21 In thin individuals, tenderness in this area can be appreciated during deep palpation in the region of the olecranon fossa with the elbow flexed to approximately 30 degrees. In full extension, the proximal olecranon is contained within the olecranon fossa of the humerus and cannot be palpated; with elbow flexion beyond 30 degrees, the triceps becomes increasingly taut, prohibiting palpation of the proximal olecranon.


Lateral

The lateral supracondylar ridge of the humerus can be palpated, terminating at the prominence of the lateral epicondyle. Snapping of the lateral aspect of the triceps tendon over the epicondyle as the elbow is flexed has been described as a rare source of elbow symptoms.22 Just distal and slightly posterior to the lateral epicondyle, a quadrant of the radial head can be felt, veiled only by the anconeus muscle and subjacent capsuloligamentous structures. As the forearm is rotated, the margin of the radial head passes beneath the examiner’s fingers (Fig. 8-2). The lateral ligaments are located beneath the overlying musculature, and cannot be palpated directly. Disruption or incompetence of the lateral ligaments is seldom associated with local tenderness to palpation, except in the acute stage immediately following injury.
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Figure 8-2 Clinical photograph of the lateral aspect of the elbow, showing (1) the lateral epicondyle, (2) the radial head, (3) the course of the radial/posterior interosseous nerve as it courses around the neck of the radius, (4) the infracondylar recess and the point at which aspiration is usually performed, and (5) the proximal extent of brachioradialis originating from the lateral supracondylar ridge.



The infracondylar recess, located in the triangular area bounded by the lateral epicondyle, the radial head, and the tip of the olecranon, contains the most superficial and easily palpable extent of the elbow joint capsule. The earliest signs of hemarthrosis, synovitis, or joint effusion may be appreciated here.15 This is also the preferred location for performing arthrocentesis of the elbow (Fig. 8-3, online).
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Figure 8-3 The infracondylar recess, a roughly triangular area bounded by the lateral epicondyle, the radial head, and the olecranon, contains the most superficial and easily palpable extent of the elbow joint capsule. Joint effusion may be appreciated by local swelling in this area. Aspiration or injection of the elbow is generally performed here. (From Green DP, Hotchkiss RN, Pederson WC, et al, eds. Green’s Operative Hand Surgery. 5th ed. Philadelphia: Elsevier Churchill Livingstone; 2005.)



The brachioradialis and extensor carpi radialis longus originate on the anterior edge of the lateral supracondylar ridge and are most easily appreciated when elbow flexion and wrist extension are resisted. These muscles, along with extensor carpi radialis brevis, whose origin lies deep to that of the longus, have been described by Henry as the “mobile wad of three,” in recognition of the fact that they can be grasped and moved relative to the other musculature originating from the lateral epicondyle at the common extensor origin.23 The most proximal extent of brachioradialis may be 8 cm or more proximal to the tip of the lateral epicondyle (see Fig. 8-2).

The degenerative process known as lateral epicondylitis (or colloquially, tennis elbow) most commonly involves the origin of the extensor carpi radialis brevis. In these cases, pain on palpation is located just distal or adjacent to the tip of the lateral epicondyle, and symptoms are exacerbated by resisted wrist extension, particularly when the elbow is fully extended, thereby placing the muscle on maximum stretch. Repeated corticosteroid injections utilized in the treatment of this disorder may result in dimpling of the overlying soft tissue due to subcutaneous fat atrophy and local skin depigmentation.

Although it lies deep to the overlying musculature and cannot be directly palpated, the posterior interosseous nerve is most easily appreciated 4 to 5 cm distal to the lateral epicondyle as it courses around the proximal radius in the substance of the supinator muscle (see Fig. 8-2). Local tenderness in this area, not directly adjacent to the epicondyle, helps to distinguish posterior interosseous compression neuropathy from lateral epicondylitis, although the two may sometimes coexist. Motor palsy involving the digital extensors may result from compression of the nerve in this area, usually due to mass effect or local trauma. More commonly, entrapment of the posterior interosseous nerve in the proximal forearm presents as deep aching pain, sometimes with radiation to the wrist, and is known as radial tunnel syndrome.


Anterior

The anterior aspect of the elbow or cubital fossa is a triangular area bounded medially by pronator teres and laterally by brachioradialis. The median nerve, as its name implies, is the most medial structure in the fossa. Unusual tenderness to palpation of the nerve in this area may be a sign of local compression of the nerve, known as pronator syndrome; however, more distal median nerve compression at the level of the carpal tunnel may also be associated with tenderness to palpation of the nerve near the elbow. Compression of the median nerve near the elbow seldom causes distinct sensory or motor deficits in the distal distribution of the nerve, but is usually associated with deep, aching discomfort in the proximal forearm that is aggravated by activity and relieved by rest. The brachial artery is found directly lateral to the nerve. With the elbow in extension, both of these structures, which lie on the surface of brachialis, are thrust anteriorly. The arterial pulse can then be easily palpated and the position of the nerve inferred (Fig. 8-4).


[image: images]

Figure 8-4 Clinical photograph of the anterior aspect of the elbow shows the cubital fossa bounded medially by (1) the pronator teres and laterally by (2) the brachioradialis. Also demonstrated are the courses of (3) the median nerve, (4) the brachial artery, (5) the biceps tendon, prominent here as flexion is resisted, and (6) the radial/posterior interosseous nerve.



The biceps tendon crosses the anterior elbow centrally and is readily palpated as elbow flexion is resisted (see Fig. 8-4). This is accomplished most easily by having the patient place his or her hand and wrist beneath the edge of the examining table and attempt to flex the elbow. As we begin to lose the feel of the tendon distally, it continues toward its insertion on the bicipital tuberosity of the radius, which is not directly palpable. A strong fascial continuation of the tendon, the bicipital aponeurosis, or lacertus fibrosus, continues medially to blend with the fascia overlying the flexor-pronator musculature.9

Rupture of the biceps tendon usually occurs in young or middle-aged men who experience an unexpected extension force to the elbow. Acutely, these injuries result in significant pain, swelling, and ecchymosis in the cubital fossa. If the patient does not seek medical attention until after the acute symptoms subside, some anterior elbow discomfort is usually still accompanied by a feeling of weakness, particularly involving activities that require forceful supination of the forearm. In either circumstance, the palpable absence of the biceps tendon in the cubital fossa is diagnostic. If the bicipital aponeurosis remains intact, the anterior tendon defect and the obvious proximal retraction of the muscle belly of the biceps with attempts at active elbow flexion are not quite as obvious, but usually can be appreciated by comparison with the contralateral extremity.24 When the patient voices complaints of anterior elbow pain and weakness and the tendon is obviously palpable, consideration must be given to the possibility of partial tendon rupture.25 Other less commonly encountered diagnostic possibilities include cubital bursitis and bicipital tendonitis.24 It is generally not possible to distinguish these conditions by examination alone; imaging of the soft tissue is usually required.

The lateral antebrachial cutaneous nerve is the distal, purely sensory, continuation of the musculocutaneous nerve into the forearm. This nerve emerges from behind the lateral border of the biceps at the level of the interepicondylar line and becomes subcutaneous by piercing the deep fascia in this area, continuing distally into the anterolateral forearm.26 Irritation or entrapment of the nerve in this area is another, albeit uncommon, cause of anterior elbow pain and is usually accompanied by paresthesias radiating down the anterolateral forearm.27 Overzealous retraction of the nerve during anterior elbow surgery is the most common cause of these symptoms.

The brachialis muscle forms the floor of the cubital fossa and is intimately applied to the anterior capsule of the elbow. Snapping of a prominent medial tendinous portion of the brachialis muscle over the humeral trochlea has been reported as a cause of anterior elbow pain and swelling, also resulting in neuropathic symptoms in the distribution of the median nerve.28


Medial

The medial epicondyle is the most obvious landmark on the medial side of the elbow. The flexor-pronator muscle group originates here and from the distal 2 to 3 cm of the medial supracondylar ridge of the humerus (Fig. 8-5). Pain produced by palpation just distal to the tip of the medial epicondyle that is exacerbated by resisted wrist flexion is indicative of medial epicondylitis (golfer’s elbow). In adolescence, pain to palpation directly over the tip of the epicondyle may represent apophysitis. The epitrochlear lymph node is located approximately 4 cm proximal to the medial epicondyle, usually just anterior to the supracondylar ridge and the medial intermuscular septum, which arises from it. Normally not palpable, this node may occasionally be enlarged in the presence of severe hand infection and is often markedly inflamed and tender in cases of cat-scratch disease (Bartonella infection).
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Figure 8-5 Clinical photograph of the medial aspect of the elbow showing (1) the tip of the olecranon process, (2) the ulnar nerve coursing posterior to (3) the medial epicondyle, and (4) the median nerve and (5) the brachial artery disappearing beneath the proximal extent of the flexor/pronator musculature.



The ulnar nerve can be palpated immediately posterior to the medial epicondyle (see Fig. 8-5). Tinel’s sign is said to be positive when percussion on the nerve causes lancinating pain or paresthesias in the distal distribution of the nerve and is found in cases of compression or traction neuropathy, known as cubital tunnel syndrome. Many normal nerves exhibit some element of sensitivity to percussion in this area. Maximal flexion of the elbow places the nerve on stretch and may also elicit symptoms in the ulnar nerve distribution.29 An unusually broad distal triceps insertion sometimes may snap over the medial epicondyle as the elbow is flexed. This finding may be associated with varus malalignment of the humerus due to malunion at the supracondylar level or result from other bony deformities, including hypoplasia of the medial epicondyle.30 The ulnar nerve itself may also subluxate anteriorly over the medial epicondyle.14,31 Both of these conditions may cause neuropathic symptoms in the ulnar nerve distribution.

The medial ligamentous structures are not directly palpable because they lie deep to the overlying musculature. Pain or tenderness on deep palpation over the submuscular extent of these structures may be associated with ligament injury. Provocative testing that places the ligaments on stretch to determine their mechanical competence, and the presence of pain or patient apprehension, is usually a more reliable method of assessing the integrity of the ligaments32 (see subsequent section on Instability).


Range of Motion

Simple goniometric measurement of elbow ROM has been shown to exhibit extremely high interexaminer and intraexaminer reliability. Even the simple expedient of obtaining the mean of multiple measurements is generally unnecessary, producing no improvement in measures of reliability.33 Electrogoniometry and other more sophisticated forms of measurement may prove helpful in research situations during which multiple rapid observations must be recorded, but they are not necessary in the clinical setting.2 Active ROM may provoke pain, crepitance, or other articular symptoms not present during passive ROM.1

Measurement of forearm rotation is best performed with the arm at the side and the elbow flexed to 90 degrees in an attempt to eliminate substitution by shoulder rotation. Having the patient grasp a pencil or similar object may assist in measuring rotation. When passive forearm rotation is being measured, care should be taken to ensure that rotatory force is not applied distal to the wrist, but at the level of the distal forearm. Certain loose-jointed individuals exhibit significant amounts of intercarpal pronation and supination that can sometimes confuse measurement. Although loss of forearm rotation may be associated with abnormalities of the radiohumeral articulation or proximal radioulnar joint, the cause may be located anywhere along the forearm axis, with common causes including fracture malunion and distal radioulnar joint derangement.1

Although reports of motion vary slightly, and minor differences are associated with age and sex, a flexion–extension arc of 0 to 140 degrees, plus or minus 10 degrees, is an acceptable approximation of normal. Normal supination tends to average 80 to 85 degrees, with pronation being slightly less, at 70 to 75 degrees.1,34

Functional elbow motion has been measured using an electrogoniometric technique, demonstrating that most activities can be performed with a 100-degree flexion–extension arc (from 30 to 130 degrees) and 100 degrees of forearm rotation (50 degrees of both pronation and supination).2 Treatment of relatively minor amounts of joint contracture that fall beyond these limitations should be undertaken only after careful consideration. In contrast, severe contracture or ankylosis of the elbow causes greater functional limitation than similar loss of motion at any other articulation in the upper extremity. The inability of adjacent joint motion to compensate for the stiff elbow makes these functional limitations particularly problematic.35

Elbow extension is generally the first motion lost and the last to be recovered in cases of intrinsic elbow joint pathology, making this measurement a sensitive but nonspecific indicator of joint pathology.12 Throwing athletes frequently lack 10 to 20 degrees of terminal elbow extension due to bony remodeling of the posterior medial olecranon caused by repetitive stress.6 The capacity of the elbow joint capsule reaches a maximum at approximately 80 degrees of flexion. To reduce intra-articular pressure and resultant pain, joints with capsular distention resulting from synovitis or hemarthrosis tend to assume this position.36


Strength

Although sophisticated techniques are available for measuring strength around the elbow,37 for the purposes of clinical evaluation, straightforward manual muscle testing is usually sufficient.10 A strength difference of approximately 7% exists between dominant and nondominant limbs, although this cannot be appreciated in the clinical setting.38 The strength of males has been shown to be nearly 50% greater than that of age-matched females.38 Maximal elbow flexion force is exerted at 90 degrees of flexion.39,40 For the sake of consistency, it is advisable to make all strength measurements with the elbow flexed 90 degrees.


Instability

The appropriate history of injury or activity, patient complaints, and clinical setting should arouse the clinician’s suspicions regarding the possibility of elbow instability. Except in cases of chronic gross instability, which are usually apparent immediately, clinical demonstration of instability can be very difficult in the awake patient. Guarding manifested by contraction of the powerful musculature around the elbow, combined with the inherent osseous stability of the joint, may obscure subtle physical findings. Shoulder rotation may also confound examination of elbow instability, as it can be difficult to stabilize the humerus during examination.11 Occasionally, instillation of a local anesthetic into the joint may make it possible to demonstrate instability, but examination under anesthesia may be required. Although gapping or instability may not be appreciated during physical examination in the clinic, patient apprehension or pain during stress examination is often a valuable clue indicating ligament pathology.32

The anterior bundle of the medial collateral ligament, which originates at the base of the medial epicondyle and inserts onto the sublime tubercle of the ulna, is the critical stabilizing structure on the medial aspect of the elbow.41,42 The anterior bundle has been further anatomically and functionally defined into anterior and posterior bands, the former providing stability from 30 to 90 degrees of flexion, and the latter from 60 to 140 degrees (Fig. 8-6).43 When this portion of the ligament is disrupted or attenuated, valgus stress produces opening on the medial side of the joint, often accompanied by pain. This stress should be applied with the joint flexed a minimum of 20 to 30 degrees to relax the anterior capsule and to eliminate the osseous constraint of the olecranon process of the ulna being “locked” into the olecranon fossa, as occurs in full extension. Valgus stress is applied most easily with the shoulder in full external rotation to stabilize the humerus32 (Fig. 8-7B). This may be accomplished in a number of ways with the patient and examiner standing or seated, or even with the patient supine and the shoulder abducted and externally rotated so the elbow is near the edge of the exam table (Fig. 8-8, online).
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Figure 8-6 The anterior bundle of the medial collateral ligament, originating from the undersurface of the medial epicondyle and inserting on the coronoid process of the ulna at the sublime tubercle, is the major stabilizing structure on the medial aspect of the elbow. The anterior bundle is further divided into anterior and posterior bands, each of which contributes variously to stability throughout the range of elbow flexion. (From Green DP, Hotchkiss RN, Pederson WC, et al, eds. Green’s Operative Hand Surgery. 5th ed. Philadelphia: Elsevier Churchill Livingstone; 2005.)
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Figure 8-7 A, Laxity of the radial collateral ligament (varus instability of the elbow) is examined with the humerus in full internal rotation while varus stress is applied to the joint. B, Laxity of the medial collateral ligament (valgus instability of the elbow) is evaluated with the humerus in full external rotation as valgus stress is applied to the joint. In both instances, rotation helps stabilize the humerus, allowing ligament laxity to be more easily appreciated. (From Morrey BF, ed. The Elbow and Its Disorders. 3rd ed. Philadelphia: WB Saunders; 2000.)
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Figure 8-8 Valgus stress is applied to the elbow with the joint in slight flexion to “unlock” the olecranon from its fossa. The humerus is stabilized by externally rotating the shoulder and applying lateral counterpressure to the distal arm. Gapping of the medial joint line is easiest to appreciate with the forearm in neutral rotation.



Incomplete injuries to the medial collateral ligament may not result in frank instability but may cause significant symptoms in high-demand patients, such as throwing athletes. Only a millimeter or two of medial joint opening may be sufficient to cause symptoms in these patients, making demonstration of instability by physical examination nearly impossible. Veltri and coauthors have described the “milking maneuver,” during which the patient places the opposite hand beneath the affected elbow to grasp the thumb of the fully supinated forearm.44 A valgus stress is placed on the elbow, which is flexed approximately 90 degrees, stressing the posterior band of the anterior bundle of the medial collateral ligament in a position of elbow flexion that more nearly approximates that in which the athlete tends to experience symptoms during the throwing motion (Fig. 8-9). Although this maneuver may help to elicit pain or apprehension, laxity and gapping has been shown to be greatest in neutral forearm rotation throughout the full range of elbow flexion in a cadaver study.45 O’Driscoll and colleagues have more recently described the “moving valgus stress test” for the throwing athlete in which moderate valgus torque is applied to the fully flexed elbow while the elbow is rapidly extended. Reproduction of medial elbow pain between 120 and 70 degrees was shown to be a highly sensitive indicator of medial collateral ligament injury when compared with assessment by surgical exploration or arthroscopic valgus stress testing.46 Although physical examination maneuvers may reproduce pain in the throwing athlete, in order to demonstrate the very small amount of medial joint opening that may be problematic in these instances, more sophisticated diagnostic methods, including arthroscopic examination, are often required (Fig. 8-10, online).47
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Figure 8-9 The “milking maneuver” applies valgus force to the elbow via traction on the thumb. As demonstrated here, it is performed by the patient, according to its original description. The examiner can also use this method to apply valgus force to the elbow.
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Figure 8-10 A, Anterior fluoroscopic view of the elbow following two episodes of severe traumatic valgus stress. A small bone fragment, probably due to avulsion injury, is visible in the soft tissue. B, The same elbow during application of valgus stress. Note the marked opening on the medial side of the joint (arrow). Demonstration of clinical instability of this magnitude on the medial side of the elbow is unusual.



The lateral or radial collateral ligament (Fig. 8-11) resists varus stress and may be similarly evaluated. Full internal rotation of the shoulder serves to stabilize the humerus for this examination32 (see Fig. 8-7A). Isolated injuries to this ligament resulting in pure varus instability are exceedingly rare. Long-term crutch use occasionally results in attritional rupture of the radial collateral ligament.
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Figure 8-11 The lateral ligament complex of the elbow. The radial collateral ligament, originating on the lateral epicondyle and inserting on the annular ligament, resists pure varus stress and is seldom injured in isolation. Injury to the lateral ulnar collateral ligament, which inserts on the crista supinatoris of the ulna, is far more common, resulting in posterolateral rotatory instability of the elbow. (From Morrey BF, ed. The Elbow and Its Disorders. 3rd ed. Philadelphia: WB Saunders; 2000.)



The most common lateral ligament injury involves the lateral ulnar collateral ligament, which passes from the lateral epicondyle to a raised area on the lateral aspect of the proximal ulna, called the crista supinatoris (see Fig. 8-11). Injury to this ligament results in the phenomenon known as posterolateral rotatory instability of the elbow. In this circumstance, the proximal radius and ulna, which maintain their normal relationship at the proximal radioulnar joint, supinate away from the lateral aspect of the distal humerus, hinging on the intact medial collateral ligament.48 In the subluxated position, the radial head lies posterior to the capitellum and the lateral aspect of the ulnohumeral articulation is widened (Fig. 8-12). This form of instability is often not present at rest, occurring only dynamically or with provocation. It has recently been recognized that long-standing cubitus varus deformity alters the mechanical axis of the elbow so as to significantly increase the risk of tardy posterolateral rotatory instability.49
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Figure 8-12 Lateral photograph of the elbow skeleton. In cases of posterolateral rotatory instability, the radial head lies posterior to the capitellum and the lateral aspect of the ulnohumeral articulation is widened (arrow). Supination, valgus, and compressive force applied to the elbow in slight flexion cause this pattern of subluxation following injury to the lateral ulnar collateral ligament (A). Further flexion of the joint results in reduction of the radius and ulna onto the humerus (B).



Posterolateral rotatory instability is demonstrated by using the pivot shift test in which the examiner subjects the elbow to supination, valgus, and compressive stress.48 This maneuver is best performed with the humerus locked in full external rotation. As the elbow is extended from a semiflexed position, posterior subluxation of the radial head can be appreciated and often causes a dimpling in the skin on the lateral aspect of the joint; maximum subluxation usually occurs at about 40 degrees of flexion.48 Further flexion of the elbow results in a sudden reduction of the radius and ulna onto the humerus. This maneuver may be most easily performed with the patient supine on the exam table with the arm overhead (Fig. 8-13). Examination under anesthesia is almost always required to demonstrate this finding.
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Figure 8-13 Examination for posterolateral rotatory instability is most easily performed with the patient supine and the arm overhead. Valgus force and axial compression is applied to the maximally supinated forearm. Subluxation occurs most readily with the elbow in 20 to 40 degrees of extension; further flexion results in visible and palpable reduction. (Reprinted with permission from The Journal of Bone and Joint Surgery, Inc. From O’Driscoll SW, Bell DF, Morrey BF: Posterolateral rotatory instability of the elbow. J Bone Joint Surg (Am). 1991;73:440-446.)



Forearm supination, valgus stress, and compression across the elbow joint can also be produced by asking the patient to push off with his hands from the examining table.1 Visible instability may only be appreciated in the most unstable joints; however, patient apprehension during the performance of this maneuver or an inability to bear weight on the elbow in this position is suggestive of posterolateral rotatory instability (Fig. 8-14, online).
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Figure 8-14 Forearm supination, valgus stress, and compression across the elbow joint can be produced by asking the patient to push off with his hands from the examining table. Visible instability may only be appreciated in the most unstable joints; however, patient apprehension during the performance of this maneuver, or an inability to bear weight on the elbow in this position (arrow) is suggestive of posterolateral rotatory instability.




Specific Diagnostic Maneuvers

Discomfort associated with lateral epicondylitis during resisted wrist extension is evaluated easily by asking the patient to stand and to extend his or her elbow, to fully pronate the forearm, to grasp the back of a chair, and to attempt to lift it off the ground. Medial epicondylitis is similarly evaluated by having the patient place the supinated palm beneath the examining table with the elbow fully extended and attempting to lift the table.

The valgus extension overload test is used to simulate forces applied across the elbow during the acceleration phase of throwing. While stabilizing the humerus with one hand, the examiner pronates the forearm with his or her opposite hand and applies a valgus force while quickly maximally extending the elbow. A positive test causes posteromedial pain as the osteophyte and locally inflamed synovium that form in response to the chronic stress of throwing are compressed against the medial wall of the olecranon fossa (Fig. 8-15).5,10 Chronic valgus extension stress can cause injury other than posteromedial impingement and degeneration, including ulnar neuropathy and medial collateral ligament strain.50,51 The close proximity of these injured structures on the medial side of the elbow can make diagnosis challenging.
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Figure 8-15 Drawing depicting the effects of valgus extension overload on the elbow of the throwing athlete. (From Green DP, Hotchkiss RN, Pederson WC, et al, eds. Green’s Operative Hand Surgery. 5th ed. Philadelphia: Elsevier Churchill Livingstone; 2005, Fig. 26-8, p. 961.)



The radiocapitellar chondromalacia test is essentially a “grind” test involving the radiohumeral articulation. It is positive in the event of disease involving either the radial head (arthrosis) or capitellum (osteonecrosis). Forearm rotation accompanied by valgus stress and lateral compression of the elbow produces crepitance or pain in the event of a positive test.10


Additional Diagnostic Modalities

A thorough history and physical examination of the elbow is usually followed by diagnostic imaging, beginning with plain radiographs. Details regarding imaging of the elbow may be found in Chapter 14. Even after detailed clinical and radiographic evaluation, unanswered questions may remain. Arthrocentesis for aspiration or injection may be helpful in these circumstances. The question of infection following prior surgery or open injury is definitively answered by examination and culture of a sample of synovial fluid. Instillation of a local anesthetic agent into the joint may help determine whether intra-articular or extra-articular pathology is the source of reported pain. Arthrocentesis or injection of the elbow is commonly performed posterolaterally through the infracondylar recess (see Fig. 8-3), although an alternative direct posterior approach through the triceps tendon, which positions the tip of the needle in the olecranon fossa, may occasionally be useful.52

Arthroscopy of the elbow may provide additional information. The magnitude of articular cartilage injury is best evaluated under direct vision. When symptoms of locking or catching persist despite normal imaging studies, arthroscopy may be used as the definitive diagnostic and therapeutic modality.53 Incomplete ligament injury or subtle instability in the competitive athlete may sometimes require intra-articular evaluation that can be performed only arthroscopically.54


Elbow Scoring Systems and Self-Report Measures

No single, well-accepted elbow scoring system is used commonly in the clinical setting. Several composite impairment scales assign point values based on observations of pain, motion, and strength; some also include assessments of stability, function, and deformity. The maximum number of possible points assigned to the various measured parameters varies considerably among these systems. The total score, out of a possible of 100, is used to assign a categorical rank (excellent, good, fair, poor), although the score required to achieve a given rank also varies from system to system. A review of five observer-based impairment scales found remarkably little agreement among the categorical rankings assigned to patients by these systems. Good correlations among the various systems were observed when raw scores were compared, leading to the recommendation that raw scores, not rank scores, should be reported when these scales are utilized.41 Unfortunately, comparisons between studies based on different scoring systems are not possible.

The Mayo Elbow Performance Index (MEPI) is arguably the most commonly used of these observer-rated scales, although others have been reported and compared.41 The MEPI assigns points for pain,15 motion,54 stability,5 and five functional tasks.20,55 A recent study has noted that 66% of the variability in MEPI scores is accounted for by pain alone, with other observer-based rating systems exhibiting similar findings.56 These authors suggest that the psychosocial aspects of illness related to pain may be overvalued by these scales and propose that it may be advisable to evaluate pain separately from other objective measures of elbow function.56

Another concern with the currently available observer-based impairment scales is that even the numerical raw scores generated by the various systems demonstrated only moderate correlation with patient-reported function on a visual analog scale.41 Outcome questionnaires completed by the patients, including the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire57 and the Modified American Shoulder and Elbow Surgeons (ASES) patient self-evaluation form,58 showed much better correlation with patients’ perception of function.41 The Patient-Rated Elbow Evaluation (PREE) is another available self-report measure of pain and function that has been shown to be reliable and valid.59 The PREE has demonstrated high correlation with the ASES patient self-evaluation form, has a more patient-friendly format, and has the added advantage of allowing computation of a single combined score.60 Additional information on self-report questionnaires can be found in Chapter 16.

A complete evaluation of the result of elbow treatment requires the use of a patient-reported functional evaluation (self-report questionnaire), together with the more traditional clinical measures of motion, strength, stability, and deformity, as well as an assessment of pain.41


Summary

A thorough history, a detailed physical examination, and readily available imaging studies provide an accurate diagnosis of most elbow complaints. Only rarely are more advanced techniques, such as magnetic resonance imaging, or invasive diagnostic modalities, including arthroscopy, required. Evaluation of the results of treatment requires a patient-completed outcome questionnaire designed to assess function, in addition to documentation of more commonly measured clinical parameters, such as motion, strength, and stability, and an assessment of pain.
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CRITICAL POINTS

Characteristics of Pain

When assessing pain:

▪ Use a visual analog scale (VAS) or outcome tool.

▪ Determine if pain is constant or intermittent.

▪ Night pain is very common with most shoulder disorders.

▪ Correlate pain with functional activities and position.

▪ Ask the patient what relieves pain.

Physical Examination

▪ Examination progresses from least to most provocative activities.

▪ The authors recommend starting with observation, perform physical testing, and end with palpation.

▪ Determining a patient’s irritability level does not always establish the extent of the pathology but helps the clinician to develop an appropriate therapeutic plan.

▪ Reassessment must be frequent to determine the response to treatment.

Contractile Versus Noncontractile Tissue

▪ Contractile tissue is generally evaluated through resisted testing.

▪ Noncontractile tissue is generally evaluated through passive motions.

Scapular Muscle Strength Testing and Special Tests

▪ Using an evaluating scapular muscle algorithm helps identify the cause of scapular dyskinesis.

Passive Range of Motion

▪ A capsular end-feel is considered normal at all shoulder end-ranges; however, muscle guarding may mimic a capsular end-feel in patients with frozen shoulder.

Special Tests

▪ The external rotation lag sign is valuable when determining if a patient has a full-thickness supraspinatus tear.

▪ Negative impingement signs help to rule out rotator cuff pathology due to their high sensitivity.

Palpation

Areas of the shoulder that are normally tender:

▪ Biceps groove

▪ Coracoid process

▪ Inferior posterior deltoid fibers

▪ Lesser tubercle



Clinical examination of the shoulder is important for determining pathology, irritability level, and functional status. A proper examination requires a systematic approach involving a complete history, observational skills, and the assessment of signs and symptoms. The ability to interpret examination findings derives from the examiner’s knowledge of anatomechanics and pathology. An important goal of the examination is establishing baseline signs and symptoms. Treatment efficacy and outcomes are determined by comparing baseline findings with subsequent findings. Reexamination is incorporated into each subsequent treatment visit through manual and visual feedback. Although questioning during the history taking often leads to a diagnosis well before a hand is laid on the patient, the curtailment of a complete examination and “diagnosis prejudging” should be avoided.

The examination visit is the initial contact between patient and clinician and therefore creates a lasting impression for the patient. The patient should feel comfortable and trust the clinician. If the clinician conducts a thorough, organized evaluation, and if he or she demonstrates a sound knowledge of current orthopedic concepts and practices by answering the patient’s questions regarding incidence, etiology, pathophysiology, and prognosis, the clinician–patient relationship will be strengthened.


Patient Characteristics


Age

Patient age helps categorize shoulder pathology. The two most common conditions, rotator cuff disease and glenohumeral instability, are both age-dependent. Rotator cuff tendonopathy can occur at any age due to trauma or overuse. However, there is a high incidence of rotator cuff lesions of a degenerative nature in individuals older than 40 years of age due to tendon attrition,1,2 reduced vascularity,3,4 mechanical impingement,1,5,6 and decreased tendon tensile strength.7-9

The diagnosis of glenohumeral instability, both primary and recurrent, is found most commonly in patients younger than 30 years of age. Although instability can occur in the population older than 40, the recurrence rate is significantly lower than in those younger than 30.10-12

Irritability is used to describe the inflammatory status of joints and surrounding soft tissue structures. Irritability categories are mild, moderate, and severe (Table 9-1). Determining a patient’s irritability level does not always establish the extent of the pathology but it does help the clinician to develop an appropriate therapeutic plan. For example, Patient A may present with mild irritability and have full active and passive range of motion (AROM, PROM, respectively), slight pain at end range, resisted motions that are painful only in abduction, and slight pain elicitation with impingement signs. Patient B, presenting with severe irritability, may have considerably painful restrictions of AROM and PROM; significant pain and weakness on resisted abduction, external rotation, and flexion; and an exceedingly painful impingement sign. Patient A may have only mild supraspinatus tendinitis, patient B may have a large rotator cuff tear, or both patients may have the same relative tissue involvement yet each appears to be at a different stage of inflammation or healing. Their irritability level determines whether pain-relieving modalities and techniques are used versus more intense stretching and strengthening.

Table 9-1 Irritability Classification

[image: images]

AROM, active range of motion; ASES, American Shoulder and Elbow Surgeons score; DASH, Disabilities of the Shoulder, Elbow, and Hand score; PROM, passive range of motion; ROM, range of motion.


History

The patient’s history often defines pathology prior to clinical examination because it fits a certain “pattern” consistent with a particular pathology. A pattern that is not recognized or is different may reflect the examiner’s developing experience or result from an unusual pathology. Information about the patient’s age, occupation, and activities are essential to commencing diagnostic categorization. Although rotator cuff pathology is related to tendon degeneration and osseous spur formation, occupations that involve heavy lifting or repetitive or sustained overhead use of the arm are correlated with increased rotator cuff incidence.13 A patient’s general health and other joint involvement may influence symptoms through a systemic or referred mechanism; therefore, details regarding general health and other joint involvement should be outlined. In addition, information on hand dominance, medications, and recreational activities should be obtained. Determining the patient’s activity goals assists in guiding treatment. Table 9-2 lists the subjective information that should be relayed during history taking.14

Table 9-2 History

[image: images]

ADLs, activities of daily living; EMG, electromyography; MRI, magnetic resonance imaging. (From Kelley MJ: Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder. © 1995. Philadelphia: J.B. Lippincott Company.)


Chief Complaint

Establishing the chief complaint is imperative. Is pain, weakness, parasthesia, or difficulty performing activities of daily living (ADL) the reason for seeking medical attention? The chief complaint may be isolated or, more typically, a combination of symptoms. Onset and chronology should be investigated and clarified. A specific event, such as a fall, may be easily identified as the precipitating episode.

Insidious onset is characteristic of some conditions, such as primary frozen shoulder. Asking about specific, activity-related questions can “jog” the patient’s memory into identifying the initiating incident. Commonly a new activity or change of environment such as beginning a new job, starting a workout routine, acquiring a new tennis partner, or painting a bedroom, is identified. If the episode was traumatic, such as a high-velocity, uncontrolled fall or a motor vehicle accident, details regarding the direction of forces on the upper extremity are clarified. If the injury was related to a specific sporting event, replication or breakdown of the specific athletic stroke or technique is performed. Mechanisms of injuries are similar for specific pathologies; for example, a fall on the superior aspect of the shoulder is consistent with an acromioclavicular (AC) joint separation. Frequently, disabling rotator cuff inflammation can result from relatively innocuous activities such as reaching behind the car seat to lift a briefcase or opening a jammed window. The clinician must elucidate the relationship between pertinent shoulder anatomy and biomechanics, the mechanism of injury, and pathogenesis of common shoulder conditions. During this process, relevant faulty tissue can be identified.


Characteristics of Pain


Location

The area of perceived pain helps distinguish the problematic structure. In general, primary pain experienced over the neck, upper shoulder, or scapula indicates cervical spine-related tissue, possibly nerve root, dura mater, outer annular disk fibers, or facet joint. Pain can originate from muscles either specific to the cervical spine or those sharing shoulder function responsibility. Commonly, the levator scapulae and upper and middle trapezius develop spasm, trigger points, or overuse soreness, primarily or secondarily, in response to primary shoulder or cervical pathology. Knowledge of dermatomal, myotomal, scleratomal (Fig. 9-1, online), and trigger point reference zones is crucial to the correct interpretation of pain.15


[image: images]

Figure 9-1 Upper extremity. A, Dermatomes. B, Myotomes. C, Scleratomes. (From Inman VT, Saunders JB. J Nerv Ment Dis. 99:660, 1944.)



Pain around the deltoid, typically laterally, is consistent with dysfunction of the glenohumeral joint or associated soft tissue structures. This region encompasses the C5 dermatome but symptoms can refer into the C6 dermatomes. A patient with a diagnosis of a supraspinatus tendon tear or tendinitis usually reports referred pain over the lateral deltoid, not over the tendon. Referred pain can be explained by cerebral and limb bud embryologic development. The supraspinatus tendon is a deep member of the C5 dermatome. A lesion of this structure stimulates the corresponding C5 cerebral cortex, thereby producing a diffuse, often lateral perception of pain. Pain perceived over the AC and sternoclavicular joints is characteristic of dysfunction in that corresponding joint, although other portions of the C4 dermatome also can be stimulated.


Intensity and Frequency

Pain intensity and frequency characteristics provide further status of tissue irritability. Considerable inflammation has a high correlation with increased symptoms and tissue reactivity. A VAS can be valuable in providing objective information about pain intensity.16 Whether pain is constant or intermittent is important in further deciphering symptom features. Prolonged, constant, unyielding pain is unusual for glenohumeral joint or soft tissue pathology, excluding tumors. Even patients who have experienced acute injury or surgery find relief from constant pain within several days or by appropriate positioning of the arm. Neural irritation or damage can produce uninterrupted pain.

Intermittent pain can vary in frequency and intensity. Night pain is quite common with shoulder dysfunctions; most patients with rotator cuff pathology find it difficult to sleep on the involved side. The eventual ability to sleep on the involved shoulder is a sign of recovery and reduced irritability. The relationship between activity and position requires exploration. Intermittent pain may occur following aggressive activity, overhead use, or the routine performance of ADL. Discovering what relieves the pain is also vital information. Patients with a C7 radiculopathy may find relief by placing the arm overhead, yet this position is provocative in those having rotator cuff pathology or instability. Prior utilization and efficacy of the medical intervention such as corticosteroid injections, exercise, thermal agents, and medication(s) also should be determined.


Diagnostic Tests

The physical therapist without special radiographic training typically does not have the ability to interpret radiographs and must therefore rely on a radiologist or an orthopedic surgeon for interpretation of plain radiographs, MRIs, ultrasonography, CT scans, and bone scans. Electromyographs (EMGs) usually are performed and interpreted by a specialist. The clinician should learn and appreciate the appropriate use, limitations, sensitivity, and specificity of diagnostic equipment and results. This knowledge will improve the clinician’s evaluative abilities and enables him or her to recommend or suggest further testing when appropriate.


Postoperative Evaluation

In addition to typical history, information gathered postoperatively should include presurgery ROM and function status. Regardless of whether a specific diagnosis is provided by the referring physician or if the patient presents following a surgical procedure, a detailed history may provide additional information to the therapist that was not appreciated previously.

To provide a safe and informative postoperative evaluation, the clinician should understand operative procedures and the associated possible and common complications. Clinicians and surgeons should interact frequently during the treatment of a postoperative patient. It is a disservice to the patient if the surgeon does not disclose surgical nuances, surgical modifications, or patient tissue idiosyncrasies to the treating therapist. Although surgeons do not always express relevant details to the therapist, therapists also need to acquaint themselves with surgical procedures. A communicative surgeon and a an informed therapist decrease the possibility of patient complications and increase optimal outcomes.

Information regarding tissue quality, tear size, tendon lateral mobilization, chronicity, and the presence of synovitis is important when examining a patient following rotator cuff repair. Significant preoperative supraspinatus muscle belly atrophy with fatty infiltration is related to a higher incidence of retearing following rotator cuff repair.17 If the repair was for a large chronic retracted cuff tear, discretion regarding adduction and force application is necessary since a high retear rate has been associated with tears greater than 3 cm that have been repaired arthroscopically.18,19 Significant weakness and unresolved ROM deficits prior to surgery have been shown to depreciate postoperative results.20

Patients who are seen following a reconstructive procedure for instability also require special attention. It should be determined if their injury was traumatic or atraumatic. Information regarding the quality of labral, tendinous, and capsular tissue fixation is essential. Assessment of generalized hypoelasticity and hyperelasticity may be the clinician’s greatest guide to examination and treatment progression. If a patient with significant hyperelasticity is evaluated at 4 weeks after surgery and demonstrates 50 degrees of true glenohumeral joint external rotation with the arm adducted and 150 degrees of elevation, care should be taken to deemphasize ROM because stability may be sacrificed over time as a result of the individual’s collagen tissue pliability.

Tissue fixation and healing principles must be followed when assessing ROM and strength. Typically, 4 to 6 weeks is sufficient for capsular and tendinous tissues to achieve adequate physiologic healing (depending on tissue quality and degree of tension). Controlled, gentle tension can be administered to patients at 2 weeks following a capsular plication and Bankart procedures.

The examination of the postoperative patient is defined by the time period from surgery. Regardless of the procedure, an examination performed on the first day after surgery differs from one performed 4 weeks postoperatively. Strength assessment requiring significant resistance should be avoided until the relevant tissue can maintain its integrity. The time varies depending on factors previously discussed. Necessary information regarding muscular, structural, and neurovascular intactness usually can be gained with a submaximal contraction within the first 2 weeks. Corroborating evidence to determine whether neurovascular integrity is present should be an early goal of all evaluations, but especially following multiple traumas, humeral head fractures, and any surgical procedure.21 Typically, at 6 weeks, a full shoulder examination can be performed, although prudence is always required following a rotator cuff repair pertaining to strength assessment.


Outcome Forms

Using patient-oriented outcome forms to document the patient’s response to treatment is becoming a necessity in today’s health care market. These forms can provide information about the effectiveness and appropriateness of treatment. Several generic outcome forms have been developed. The SF-36 has gained popularity as a generic health status measure. However, to evaluate greater sensitivity over time, some investigators advocated using condition-specific forms.22 Several shoulder outcome forms have been developed over the recent years.22-26

The clinician should consider using an outcome form as part of the examination. The form is filled out by the patient at the initial visit and then again at intervals, including discharge. The form may ask patients about pain, satisfaction, and function; in addition, some include objective data, such as ROM, strength, and clinical test measurements. The clinician should investigate the shoulder-specific outcome forms to decide which best fits the needs.


Physical Examination

Skill, experience, and a systematic approach are required to gather and interpret signs and symptoms correctly. A consistent examination must be done on each patient regardless of history so that the clinician can appreciate “normal” abnormalities, concomitant lesions, and commonly associated lesions (i.e., rotator cuff disease and AC joint arthritis). The patient’s history and physical examination findings should correlate; if they appear to be unrelated, further questioning is required. The possibility of a catastrophic cause should be ruled out early if suggestive signs and symptoms emerge.

The goal of the physical examination is to determine the source of the chief complaint by reproducing symptoms. The patient must understand that the purpose of particular techniques and positions is to reproduce or change the patient’s chief complaint, whether it is pain, stiffness, or parasthesia. Typically, the evaluation process progresses from least to most provocative. As Cyriax27 discussed, point palpation should be done last because it can only bias and confuse the clinician and prematurely irritate the patient if it is done early in the examination. The patient should be warned that his or her symptoms may worsen following the examination; therefore, the patient should be given appropriate pain relief guidelines to follow.

The order of the physical assessment presented here is based on our preferred performance.


Observation

An enormous amount of information is gained by general and detailed observations of the patient. General observations regarding upper extremity posturing as well as normal movement patterns, such as taking a shirt off, provide a gauge of irritability and functional impairment. A patient experiencing pain characteristically protects the upper extremity by maintaining an internally rotated and adducted position. Consistency of motion should always be noted. If a patient can easily place his or her arm overhead while disrobing but then can barely elevate the extremity while AROM is being assessed, the clinician notes an inconsistency. A physiologic reason for such a discrepancy must be found; if it cannot be found, secondary gains or psychosis should be considered as motivators.

Detailed observations to assess soft tissue and osseous deformity or asymmetry then follow. The patient should be properly exposed; males disrobe from the waist up, and females should wear a gown that allows the appropriate visualization of the complete shoulder girdles and middle to upper thoracic spine. Bony prominences, particularly of the AC and sternoclavicular joints, should be viewed for symmetry. A squared appearance of the lateral shoulder, exposing the lateral acromion, may indicate deltoid wasting or anterior glenohumeral dislocation (Fig. 9-2). Clavicular orientation should be appreciated from the anterior view; in the presence of a chronic spinal accessory nerve injury or facioscapulohumeral muscular dystrophy, the clavicle and associated shoulder girdle may be significantly depressed and protracted due to lost upper trapezius suspensatory function (Fig. 9-3).
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Figure 9-2 Significant right deltoid atrophy due to axillary nerve palsy. (From Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder.© 1995 J.B. Lippincott Company.)




[image: images]

Figure 9-3 Patient 11 years after complete and unresolved spinal accessory nerve palsy caused by radiation therapy following a radical mastectomy. Note the inferior clavicular orientation. (From Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder.© 1995 J.B. Lippincott Company.)



Muscle contour inspection to determine atrophy or hypertrophy is critical. Complete lesions of the nerve or musculotendinous unit produce conspicuous muscle mass changes, whereas subtle bulk disparity such as in infraspinatus atrophy of a throwing athlete may be more difficult to appreciate. The infraspinatus and supraspinatus fossae and scapular spine should be viewed posteriorly and superiorly (Fig. 9-4). Fossa hollowing indicates pathology of the musculotendinous unit, cervical nerve root, peripheral nerve, or upper plexus. Tendon rupture produces noticeable muscle contour changes, as in the “popeye” muscle that results from long head of the biceps tendon rupture. Detection of muscle bulk changes in unconditioned or obese individuals requires visualization enhanced by active contraction or palpation.
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Figure 9-4 Atrophy of the supraspinatus and infraspinatus muscles demonstrated by hollowing of the spinati fossae. (From Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder.© 1995 J.B. Lippincott Company.)




Posture

A formal postural assessment is performed to determine scapular and spinal misalignment. Postural alignment should be viewed with the patient both sitting and standing and correlated with provoking activities. Spinal alignment directly influences shoulder girdle orientation and function.28-30 A sedentary individual sitting or standing in a posterior pelvic tilt, lumbar flexion, increased thoracic flexion, and a forward-head position is obliged to anteriorly displace the shoulder girdles. Prolonged chronic placement in this orientation may cause adaptive shortening and stretch weakness of associated spinal, trunk, and shoulder musculature.29 Attempted arm elevation in this position restricts scapular rotation and retards trunk and rib expansion, thereby limiting motion (Fig. 9-5, online).28,30 Repetitive shoulder level or overhead use of the arm while maintaining this posture could predispose the shoulder to soft tissue overload resulting in trigger point formation or rotator cuff impingement.
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Figure 9-5 Restricted arm–trunk elevation with poor posture (A) and appropriate motion with corrected posture (B). (From Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder. © 1995 J.B. Lippincott Company.)



Both sitting and standing posture should be viewed posteriorly, laterally, and anteriorly to recognize and correlate postural faults. Particular attention should be directed toward scapular alignment. Posteriorly, the scapular inferior angle should be level with the T7 spinous process; the vertebral border should be 5 to 9 cm, depending on the size of the individual, from the spinous processes.31 Bilateral comparisons should be made and although hand dominance affects scapular orientation, left-handed individuals are inconsistent because they tend to perform many activities with the right hand. The greater the unilateral activity, the greater the asymmetry; this is particularly true of pitchers and tennis players who tend to have a depressed and protracted shoulder girdle.32

Scapular orientation has two characteristic presentations: (1) The scapula is abducted and inferiorly displaced relative to the nondominant side, and (2) the scapula is elevated, medially rotated, and forward, yet the acromion is lower than the uninvolved side (Fig. 9-6, online). In the second scapular position described, the coracoid is pulled forward, elevating and anteriorly tilting the relatively flat scapula over the curved posterior thoracic wall, thereby displacing the acromion forward and down. The tilting causes the inferior angle to migrate posteriorly away from the thoracic wall; this is often mistaken for scapular “winging.” In both the aforementioned scapular orientations, the middle and lower trapezius muscles are elongated, tending to be weak, and the pectoralis minor is tight.33 Excessive scapular deformity has been described as the SICK (Scapula Infera and Inferior angle, Coracoid and Clavicular dysKinesis) scapula.32
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Figure 9-6 A, Posterior view demonstrating typical dominant-hand effect (right) on scapular orientation. Note the elevated inferior angle and medial rotation of the scapula. B, Anterior view, same patient. (From Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder. © 1995 J.B. Lippincott Company.)




Cervical Range of Motion

Any time the upper quadrant is involved, the cervical spine requires a screening examination to rule out primary or associated pathology. Active cervical motions are performed in flexion, extension, both side bendings, and rotations. ROM and symptom reproduction are assessed and correlated with the chief complaint. Frequently, a patient reports upper trapezius or cervical pain or pulling of the stretched side when rotating or laterally flexing away. The patient must distinguish the normal sensation of a stretch from the pain for which he or she seeks medical attention.

A simple technique that helps determine true, full passive cervical ROM and also helps distinguish between painful trapezius limitation and restriction from a spinal structure (i.e., disk, facet, ligament, or paravertebral muscle) is to compare cervical range while the patient is sitting or standing and while supine. While sitting and standing, the shoulder girdle is depressed by gravity and upper extremity weight, prestretching the upper trapezius muscle, which results in limited contralateral cervical side bending and rotation. Repeating this motion while supine and while manually elevating the shoulder opposite to the head direction allows the upper trapezius to slacken, thus enabling full assessment of true cervical side bending and rotation. To accept cervical side bending and rotation motion as true motion when performed in the sitting or standing position is equivalent to accepting hip flexion motion with the knee extended.


Cervical Spine Special Tests


Spurling Test

The Spurling test is a nonspecific yet excellent test for determining cervical involvement. The head is extended, laterally flexed, and rotated to the ipsilateral side. Overpressure is then applied, which further compresses the posterolateral disk, facet joint, and foraminal space on the side of motion. This test does not always isolate a particular cervical level or structure, but if scapular or upper extremity pain is generated, cervical involvement is strongly suggested (Fig. 9-7).


[image: images]

Figure 9-7 Spurling test.




Compression and Distraction Test

Compression and traction with the head in a neutral position also assist in determining cervical involvement. Compression is applied by an axial load through the head and neck, which then compresses the disk, nerve root, or facet. Distraction is performed to increase foraminal opening and remove cranial weight, thereby arresting compression. Distraction can relieve peripheral nerve or dura mater mechanical pressure at the disk level. By expanding the foraminal space, pain due to nerve root compression can be alleviated. Distraction is reported to have sensitivity, specificity, and a positive likelihood ratio of 44%, 90%, and 4.40, respectively.34 A positive compression or distraction test indicates cervical pathology related to radiculopathy or mechanical compression.

Further cervical examination is indicated if there is positive cervical test findings. These techniques are not described in this text, but a myriad of literature exists regarding in-depth discussion of cervical examination and related pathologies.


Contractile Versus Noncontractile Tissue

The tissues surrounding the glenohumeral joint are described as either contractile or noncontractile tissue.27 Before discussing physical examination, further distinction between contractile and noncontractile tissue needs to be reviewed.

Contractile tissue includes muscle belly, tendon, and tendon insertion to bone (tenoperiosteal junction). Noncontractile tissue includes the capsule, ligaments, subchondral bone, labrum, bursa, and nerves.27 In general, these two groups are evaluatively distinguished by employing static resisted contractions, referred to as resisted motions, and by assessing PROM. A lesion within the contractile chain promotes pain when force is translated by muscle activity from muscle, tendon, then to bone. Noncontractile tissue can be grossly assessed by PROM. If passive motion is limited, a correlation is drawn between the motion (i.e., external rotation or abduction), tissue stretched during the motion, pain, and end feel. The clinician also must consider that passive motion can elicit a painful response from a contractile lesion when stretched opposite to its action, for example, supraspinatus elongation during functional internal rotation (reaching up the back).

When a double lesion exists, one affecting a contractile element and the other affecting a noncontractile element, confusion can arise. A common example of this is primary instability and secondary supraspinatus tendinitis.

A third mechanism of eliciting pain from either contractile or noncontractile tissue is compression. For instance, the supraspinatus tendon and bursa are both compressed or impinged when forcing the humerus into elevation and stabilizing the scapula. This is the position for the “impingement sign.” Full external rotation at 90 degrees of abduction or full arm elevation also can result in contractile and noncontractile tissue compression. In both positions, the supraspinatus tendon can impinge against the glenoid rim.6,35,36


Active Range of Motion

AROM, although nonspecific with respect to distinguishing contractile and noncontractile tissue, does yield valuable information. AROM provides degrees of motion assessment and the ability to complete a fair grade, giving the clinician information regarding irritability status, symptom location, painful arc presence, and appropriate scapulohumeral rhythm.

AROM is estimated or measured in all cardinal planes and then is compared with the uninvolved side. Elevation, whether flexion, abduction, or scapular plane abduction, is performed to assess ROM and the ability to complete the motion against gravity. External rotation at 90 degrees of abduction and neutral can be assessed quickly in the standing position, as can functional internal rotation (glenohumeral internal rotation, extension, and adduction). Frequently, pain, weakness, or structural restriction produces dysfunctional motion compared with the uninvolved side. Pain and speed of motion help define tissue irritability.

Location of pain may provide further insight about pathology. The glenohumeral joint and its associated soft tissues usually refer pain laterally over the deltoid, but pain also can be focused more posteriorly or anteriorly. Discomfort associated with biceps tendinitis is commonly felt anteriorly over the groove. The AC joint and sternoclavicular joint are implicated when discomfort exists over either joint. Frequently, concomitant pathology of the rotator cuff, biceps tendon, and AC joint exists, although the superseding area of pain commonly correlates with the rotator cuff. Active trigger points can further confuse the issue because of characteristic referred pain zones.

Although the Academy of Orthopaedic Surgeons37 no longer distinguishes flexion from abduction, preferring instead to use the term elevation, further information is provided by evaluating elevation in multiple planes. Pain may be present in flexion but not abduction, or vice versa. The correlation between pathology and planar motion cannot be drawn. However, further insight into the mechanical nature of the subacromial space components and the capsuloligamentous complex (CLC) is elucidated. Mechanical properties can be examined further by changing physiologic motion, for example, by combining flexion while maintaining external rotation, as opposed to allowing the obligatory internal rotation. At times, a patient experiences pain with normal flexion yet is pain-free when external rotation is attempted and elevation is performed in the sagittal plane. During the modified flexion movement, the greater tuberosity and adjoining rotator cuff avoid their journey, and imminent compression, beneath the anterior acromion and coracoacromial ligament. Functional internal rotation is a simple active task that demonstrates the patient’s ability to perform glenohumeral internal rotation, extension, and adduction in conjunction with elbow flexion and pronation. A clinician should be aware that the supraspinatus and infraspinatus are elongated during this activity and can result in a painful stretch if a tendinous lesion exists. Functional internal rotation as well as coronal plane abduction are almost always limited in a patient presenting with a frozen shoulder.


Painful Arc

The painful arc has been described during active elevation. The classic painful arc occurs between 60 and 120 degrees, correlating to the rotator cuff/bursal complex traveling beneath the coracoacromial arch (Fig. 9-8).38 If the rotator cuff/bursal complex is inflamed or if abnormal superior migration occurs during elevation, the tissue is painfully compressed. After approximately 120 degrees of elevation, the rotator cuff/bursal tissue clears the coracoacromial arc, thereby relieving symptoms. The painful arc has high specificity (>80.5) in patients with all grades of subacromial impingement syndrome (SIS) related to rotator cuff tear.39,40
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Figure 9-8 Painful arcs arising due to subacromial and acromioclavicular pathology. (From Kessel L, Watson M. The painful arc syndrome. Clinical classification as a guide to management. J Bone Joint Surg 1977;59B:166–172.)



Variations of the painful arc have been described in which pain occurs at the end of motion. Both AC joint pathology and the rotator cuff/bursa can produce end-range pain.6,38 Recently, Pappas and colleagues6 revealed that end-range elevation causes compression of the supraspinatus against the superior glenoid rim. Often, a painful arc occurs only when descending the arm from shoulder elevation. This may occur because of the eccentric contraction of the rotator cuff or the increased load across the intratendinous structures. A second explanation is based on reduced contribution of the scapular lateral rotators, particularly of the serratus anterior. Many individuals demonstrate early release of scapular lateral rotation or “dumping,” when returning from elevation, which causes the coracoacromial arch to “clamp down” on subacromial structures (Fig. 9-9). This scapular dumping has also been appreciated in many individuals who have no shoulder symptoms. The authors have observed that individuals who have performed years of push-ups or bench pressing tend to show a greater tendency to have scapular dumping when descending from the elevated position. If the patient is told to reach forward and slightly up while lowering, thereby activating the serratus anterior, the painful arc may disappear due to improved scapular lateral rotation.
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Figure 9-9 Subacromial tissue compression caused by weak or dysfunctional scapular rotators. (From Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder.© 1995 J.B. Lippincott Company.)




Scapulohumeral Rhythm

Scapulohumeral rhythm is the coordinated and synchronous movement of the shoulder’s osseous structures driven by the muscular and ligament systems. Literature has been published on normal subjects and symptomatic individuals in attempts to quantify the movement.41-46 McClure and associates42 described three main scapular movements during elevation: posterior tilting, upward (lateral rotation), and external rotation. However, controversy still remains regarding the scapulohumeral ratio. Abnormal scapulohumeral rhythm has been noted in patients with anterior glenohumeral joint instability and rotator cuff tendonopathy.41,47-49

Abnormal scapulohumeral rhythm or scapular dyskinesis is an alteration in the normal position or motion of the scapula during coupled scapulohumeral movements.50 Measuring scapulohumeral rhythm in the clinic has proven difficult because the equipment used to attain these measurements is not clinically applicable. The clinician is left with visual inspection and linear measurements that have low reliability.51 Kibler52 advocates the lateral slide test to objectively determine abnormal scapular asymmetry in different degrees of elevation. Obvious dyskinesis is easier to detect, whereas subtle variations may not be noticed. In either case the clinician is left with the task of identifying the cause of the dyskinesis and intervention. Further discussion regarding the etiology of scapular dyskinesis can be found under the section Scapular Muscle Strength Testing and Special Tests.


Strength Testing

Strength testing can be performed manually or by a device such as a dynamometer. Manual strength assessment or manual muscle testing (MMT) has been found to be subjective and have questionable reliability and validity.53,54 However, MMT remains the most common form of strength assessment used in the clinic. In its purest form MMT requires the patient to be specifically positioned and move against gravity. Using antigravity test positions in the orthopedic population can be provocative and painful, and therefore impractical to use. For example, it is unwise and yields invalid information to evaluate external rotation strength in the prone position of 90 degrees of abduction and full external rotation in an individual 2 weeks after anterior dislocation. This position could cause an instability event or apprehension resulting in reflex inhibition of the external rotators. Although a full description of MMT positions is not presented, Table 9-3 lists the shoulder muscles and gives a brief description of testing technique.

Table 9-3 Manual Muscle Testing
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CN, cranial nerve; ER, external rotation; IR, internal rotation; n., nerve; SB, side bend. (From Kelley MJ: Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder. © 1995, Philadelphia: J.B. Lippincott Company.)

The more practical way to assess strength of the glenohumeral muscles is sitting or standing with the arm at the side or in slight abduction and with the elbow bent to 90 degrees. Testing the rotators and elevators in varying degrees of elevation and rotation may be beneficial. Recognizing position-based weakness is extremely valuable so treatment can be position-focused.

The strength assessment should combine an upper quarter screen (evaluating each myotome including the elbow, wrist, and hand), as the examiner considers the contractile tissue being “isolated” by resistance. A break test is performed by having the patient perform an isometric contraction as directed by the examiner. The examiner gradually increases the force, attempting to provoke symptoms or overcome the patient’s resistance, thereby assessing strength. Additionally, the scapula should be observed to determine how well it is being stabilized on the thoracic wall. If scapular destabilization occurs, then further scapular muscle examination is required. Resisted abduction, external rotation, internal rotation, flexion, extension, adduction, elbow flexion, and elbow extension are performed in addition to completing the upper quarter screen by testing wrist extension, wrist flexion, and finger adduction.

If neurologic involvement is suggested, the primary muscles (or tendons) should be palpated to determine their activity. Neurologic involvement following multiple shoulder trauma, contusions, or surgery often can be missed if specific muscle palpation is not performed; this is particularly true of the deltoid. Full active elevation may be possible in the presence of a partial or even full deltoid palsy because the rotator cuff and scapulothoracic muscles are capable of achieving functional arm elevation. In this case, injury to the deltoid may not be considered if it is not properly palpated. Simple palpation of the deltoid while asking the patient to lift the arm slightly from an elevated position of 45 degrees can determine neurologic intactness.


Quantitative Strength Testing

Various forms of quantitative devices are currently used to measure muscle strength and endurance. These include hand-held dynamometers (HHDs), tension dynamometers, isokinetic dynamometers, spring-loaded devices, and free weights. Each device offers advantages and disadvantages. For instance, the isokinetic dynamometer can provide valuable dynamic and isometric data yet is very expensive and requires an involved setup. Compare this with a hand-held dynamometer, which is relatively inexpensive, easy to use, and reliable, yet only yields isometric data. Whether MMT, HHD, isotonics, or isokinetics are utilized, all testing methods must be standardized in such a fashion as to maximize reliability, validity, and safety. The examiner must determine what information is desired from quantitative testing. If a strength value is all that is needed, then using a HHD may be all that is required. Leggin55 described a reliable assessment for shoulder muscle strength using a HHD. Research has shown quantified isometric activity to correlate well with isokinetic values.56 When requiring muscle performance throughout a ROM in a specific position, an isokinetic device is indicated. Muscle performance guidelines have been suggested in the literature and are summarized by Sapega and Kelley.57 When assessing healthy individuals, a less than 10% interextremity difference is normal, a 10% to 20% difference may be abnormal (consider normal values of 15% greater strength in unilateral sport-specific muscles), and a greater than 20% difference is abnormal. If the individual has been injured or is postoperative, a bilateral comparison where a 10% to 20% difference is found may be abnormal and greater than 20% is abnormal. It is generally accepted that an athlete or laborer who achieves 80% to 90% return in muscle performance may be ready to return to functional activity, however, the performance and tolerance for the sport-specific activity is the ultimate test.


Resisted Motions

As stated earlier, strength assessment should be considered part of the upper quarter examination and achieve several goals: (1) Assess strength of the primary muscle(s). (2) Determine central or peripheral neurologic involvement. (3) Identify the musculotendinous structure causing pain or weakness. (4) Assist in determining the tissue irritability level. The term resisted motions is somewhat confusing because an isometric contraction is performed. Cyriax27 believed that resisted motions helped to identify the symptomatic contractile structures (muscle, tendon, and tenoperiosteal junction) by assessing weakness and pain. If a lesion exists within a muscle’s contractile chain, pain is caused when resistance is applied in a specific direction that isolates that particular muscle’s action. True contractile element isolation is usually ensured by negating any joint motion. There are exceptions to this rule, such as resisted internal rotation causing pain in the presence of glenohumeral joint osteroarthritis.

Cyriax27 emphasized placing the joint near or at midrange when performing resisted motions. Whenever possible, resistance should be applied over the distal bone to isolate muscle function at a single joint. The exception to this rule is rotation that requires resistance at the distal forearm, thus crossing the elbow. Resisted motions can be performed at various arcs of motion so that the mechanical nature of the involved tissue is clearly illustrated. For example, resisted abduction may be moderately painful when performed with the arm at the side, slightly painful when performed at 45 degrees of abduction, and significantly painful when performed at 90 degrees of abduction. The explanation for this scenario is that in the presence of a supraspinatus tendon lesion, the adducted position places a significant degree of tension on the tendon that is further magnified by muscle contraction. At 45 degrees, the tendon is slackened, resulting in less passive tendon tension and pain even though forces are transmitted through the tendon. At 90 degrees, the resisted motion, combined with possible impingement of the tendon against the coracoacromial arch, results in increased discomfort.


Weakness or Pain

The presence or absence of pain or weakness is of great importance when assessing resisted motions. Five general presentations can occur: strong and painless, strong and painful, weak and painful, weak and painless, and all painful.27

If a particular resisted motion elicits no pain even when strong resistance is produced, there is no abnormality of the muscle complex responsible for that motion. Either repetitive resisted motions or an examination after a known aggravating activity may be required for symptom provocation in certain individuals, particularly athletes or those patients with mild reactivity.

A strong and painful presentation upon a resisted motion typically indicates a lesion within a specific muscle, tendon, or tenoperiosteal region. Definition of a lesion can range from simple tendinitis to minimal macro fraying of the tendon, to a partial- or even small full-thickness tear. The problematic musculotendinous unit is identified by being most painful when tested in its primary direction of action. The degree of irritability usually correlates well with associated pain.

A weak and painful response is commonly seen in cases of moderate to high tissue irritability or with a reactive or significant tear of the musculotendinous unit. Weakness and pain demonstrated on resisted abduction or external rotation can occur in patients with painful tendonopathy or large rotator cuff tears. Other pathologies that present in this manner are tubercle fractures or neoplasms. Certainly, following any acute trauma, such as a dislocation, a weak and painful response to resisted motions may be encountered.

If more than one resisted motion is painful or weak, it becomes difficult to determine the primary structure at fault. Lesions involving shoulder musculature other than the rotator cuff are somewhat easier to identify because muscle-specific localized pain is produced during resistance of the muscle’s primary motion. For example, pain associated with a pectoralis major tendon tear is felt along the distal portion of the muscle. It is more confusing to sort out which portion of the rotator cuff harbors a lesion since the four tendons create a confluent dynamic envelope about the glenohumeral joint (Fig. 9-10, online). A lesion in the anterior supraspinatus may be influenced by resisted internal rotation because some of the subscapularis fibers are connected to the supraspinatus.58 Likewise, pain may also occur with resisted external rotation since the infraspinatus fibers are interlaced with the supraspinatus.9,58
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Figure 9-10 Rotator cuff fibers interlace and communicate anteriorly and posteriorly. BG, biceps groove; BT, biceps tendon; GT, greater tuberosity; IS, infraspinatus; LT, lesser tuberosity; SC, subscapularis; SP, supraspinatus. (From Clark JC, Harryman DT. Tendons, ligaments, and capsule of the rotator cuff. Gross and microscopic anatomy. J Bone Joint Surg. 1992;74A:713–725.)



If the patient presents with no pain but has weakness, a massive or chronic large rotator cuff tear may be present. Whenever painless weakness is encountered, neurologic involvement must be investigated to determine whether the lesion is located at the cord, cervical root, plexus, or peripheral nerve level; a thorough evaluation by manual muscle, sensation, and reflex testing is essential.

When all resisted motions are painful, an acute inflammatory condition probably exists, as in acute calcific bursitis or tendinitis, progressive glenohumeral joint degeneration, or rotator cuff arthropathy. If all clinical and diagnostic tests are negative, a psychogenic disorder or malingering should be considered.


Resisted Abduction

Resisted abduction isolates the deltoid and supraspinatus musculotendinous units. The deltoid can be a source of pain in the patient having a minideltoid split or open rotator cuff repair. Occasionally, poor-quality tissue or premature return to activity results in deltoid tearing. Primary or secondary deltoid trigger points can cause pain.

Pain on resisted abduction is usually caused by a supraspinatus tendon lesion. Differentiating between tendinitis, partial-thickness cuff tear, and a small full-thickness cuff tear is very difficult. The degree of pain may depend on the tissue irritability; weakness may or may not be present. A significantly reactive tendinitis may be more painful than a mildly reactive partial- or full-thickness supraspinatus tear. Many individuals have partial-thickness, small full-thickness, and even massive tears and function quite well without significant symptoms.59 Abduction weakness is often the result of a full-thickness rotator cuff tear.27,39,40 Other causes are a C5 nerve root compression, upper plexus lesion, suprascapular nerve palsy, or axillary nerve palsy.

To assess abduction, resistance is applied at the distal humerus at 0, 45, and 90 degrees of coronal plane or plane of the scapula (POS) elevation. The effect of position on pain is examined to help determine reactivity and mechanical effect on soft tissue (Fig. 9-11, online).
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Figure 9-11 Resisted abduction.




Resisted Flexion

Although the supraspinatus is thought to be a primary abductor, 50% of flexion torque output is attributed to the supraspinatus and infraspinatus.60 Therefore, it is not surprising that a supraspinatus tendon lesion often causes pain during resisted flexion. Although the biceps is not considered a primary flexor, pain is occasionally provoked during resisted shoulder flexion testing. Location of pain over the biceps groove helps identify the biceps as the culprit. The clavicular fibers of the pectoralis major and anterior deltoid are also humeral flexors. Shoulder flexion weakness is often related to a full-thickness rotator cuff tear or axillary nerve palsy. A palsy of the anterior branch of the axillary nerve can occur, possibly due to extended surgical retraction of the deltoid when a deltopectoral incision is required. This is seen after glenohumeral joint arthroplasty of open reduction internal fixation following a proximal humeral fracture.

Resistance is applied at the distal humerus to isolate the glenohumeral joint and associated shoulder flexor muscles. The test can be performed in the sagittal plane at 0, 45, and 90 degrees.


Resisted External Rotation

The infraspinatus, supraspinatus, teres minor, and posterior deltoid all contribute to external rotation, but 80% of this force is attributed to the posterior cuff.61 The most common reason for pain or weakness during resisted external rotation is a supraspinatus lesion.27,39,40 Isolated infraspinatus tendonopathy can infrequently occur, causing pain or weakness, but more often profound weakness is the result of complete tearing of the supraspinatus and infraspinatus.62 The infraspinatus may house primary active trigger points that are painful during resisted external rotation and palpation. Commonly, an infraspinatus trigger point refers pain to the anterior shoulder.15 Other causes are a C6 nerve root compression, upper plexus lesion, or suprascapular nerve palsy.

It is essential to isolate external rotation during the resisted external rotation test. Resistance should be placed at the distal forearm, not the hand. As the patient attempts to externally rotate, the clinician should stabilize the distal arm, but not to the point of encouraging abduction. Some patients attempt to substitute by either abducting the shoulder or extending or flexing the elbow. This substitution allows the external rotators to appear stronger. If elbow flexion or extension substitution is detected, the dorsal aspect of the examiner’s second and third middle phalanx is placed against the dorsal wrist. If the patient is employing elbow substitution, the wrist slips off the examiner’s fingers (Fig. 9-12, online).
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Figure 9-12 Resisted external rotation.



The examiner should assess the effect of scapular stabilization during resisted motion testing. For example, if the patient experiences pain when resisting external rotation, the clinician should have the patient slightly retract (stabilize with trapezius and rhomboid muscles) then retest. If pain vanishes or is significantly reduced, further examination of the scapular muscles should be made. In addition, this finding indicates that scapular muscle integration should be used during rotator cuff strengthening exercises. Tate and coworkers63 reported increased strength in patients with impingement by stabilizing the scapula using the scapular repositioning test.


Resisted Internal Rotation

The internal rotators are the subscapularis, pectoralis major, teres major, and latissimus dorsi muscles. Pain with resisted internal rotation may indicate subscapularis involvement. Isolated tearing of the subscapularis has been reported to occur during anterior dislocation events or when the arm is forcefully externally rotated in adduction.64-66 Significant internal rotation weakness noted after an open anterior capsular reconstruction procedure (Bankart’s or capsular shift) in which the subscapularis was incised and repaired is a prognosticator for possible subscapularis rupture. Significant weakness has been reported following shoulder arthroplasty and may be associated with rupture or subscapularis tendon alterations.67 Further examination is required by performing the lift-off test, internal rotation lag sign, and belly press test. Another indicator of subscapularis rupture is increased passive external rotation with the arm in adduction.64,65 If the subscapularis has ruptured, it should immediately be brought to the referring physician’s attention.

Trigger points also can cause pain with resisted internal rotation.15 A supraspinatus tear extending to the rotator cuff interval (RCI) also may elicit pain with resisted internal rotation due to the pull of the subscapularis on the associated torn fibers.66,68

Pain and weakness have been reported during isolated internal rotation in patients with frozen shoulder.69-71 The subscapularis tendon is intimate with the anterior capsule since it serves as an attachment region (Fig. 9-13).68 Tension may translate from the subscapularis to the inflamed capsuloligamentous complex, producing pain. Resisted internal rotation may also be painful in patients with biceps tendinitis since the subscapularis tendon fortifies the medial wall of the biceps groove and is anatomically intimate with the biceps synovial lining. The relationship of the long head of the biceps and subscapularis can be fully appreciated by the frequent incidence of biceps tendon dislocation/subluxation noted when the subscapularis tendon has ruptured.64-66,72
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Figure 9-13 Zones of rotator cuff adherence to the capsuloligamentous complex. Regions of tendinous attachment are shaded lightly. Areas of muscle fiber attachment are shaded darker. A, Anterior view. B, Posterior view. C, margins of the coracohumeral ligament; M, axes of middle glenohumeral ligament; S, axes of superior glenohumeral ligament. (From Clark JC, Sidles JR, Matzen FA III: The relationship of the glenohumeral joint capsule to the rotator cuff. Clin Orthop 1990;254:29–34).



Assessment of the internal rotators is performed at neutral, elbow bent to 90 degrees, and with resistance applied over the distal wrist. Strain or tearing of the latissimus dorsi, pectoralis major, and teres major can occur, but because these muscles are multiaction, prestretching them or altering shoulder position to accentuate their activity magnifies tension on the involved fibers and assists in identifying the source of pain.


Resisted Extension

The shoulder extensors are the posterior deltoid, teres major, latissimus dorsi, and long head of the triceps. Typically, resistance to shoulder extension performed at neutral is painless, even in the presence of significant shoulder pathology. Therefore, information to help identify the source of pain is minimal, although weakness should be appreciated if present. Whenever significant weakness of shoulder extension is noted, an axillary nerve palsy should be considered.

Resistance is applied over the distal arm with the arm at the side or in shoulder extension.


Resisted Elbow Flexion

Elbow flexion isolates the biceps, brachialis, and brachioradialis; however, only the biceps long and short heads extend to the scapula.

Pain may occur with resisted elbow flexion in the presence of long head of the biceps tendinitis. We have found this to be an unreliable test position in reproducing pain, even in moderately reactive biceps tendon inflammation. Provoking biceps tendon pain sometimes can be accomplished if resistance is applied when the shoulder and elbow are placed in extension in addition to forearm pronation, thereby increasing passive and active tension through the inflamed tendon. Combining humeral external rotation with elbow and shoulder extension further stretches the long head tendon and compresses it against the lesser tuberosity.

Resistance is applied to the distal wrist with the arm adducted, forearm supinated, and elbow flexed to 90 degrees.


Resisted Elbow Extension

The elbow extensors are the triceps. If pathology exists, commonly of the long head insertion into the infraglenoid rim, pain may be experienced with this test. Tendinitis of the triceps long head can occur in throwing, spiking, or racquet sport athletes. As with elbow flexion, different positions of elevation should be explored to place more tension across the long head and provoke symptoms.

Resistance is applied to the distal wrist with the arm adducted, forearm neutral, and elbow flexed to 90 degrees.

The wrist and finger extensors and flexors as well as the intrinsics of the hand should be evaluated by resisted motions to determine distal muscle weakness either from neurologic or intrinsic musculotendinous involvement, thereby completing the upper-quarter screen.


Scapular Muscle Strength Testing and Special Tests


An alteration in the normal position or motion of the scapula during coupled scapulohumeral movements is called scapular dyskinesis.50 Scapular dyskinesis can be caused by multiple reasons.73 Scapular winging may be considered a type of scapular dyskinesis characterized by significant scapular medial border displacement during shoulder motion. Kelley74 and Leggin and Kelley75 described special tests and muscle testing used in an evaluative scapular muscle algorithm. We describe examination tests to assist in determining if the cause of scapular dyskinesis is from a nerve palsy, glenohumeral instability, or poor motor control.

The patient is first observed in standing for resting winging or scapular displacement and obvious atrophy. If resting winging is noted, the patient is checked for a scoliosis demonstrated by a thoracic rib hump during trunk flexion. Resting medial winging can be caused by an increased thoracic rib angle since the flat scapula’s medial border is displaced. AROM of both shoulders is assessed in the standing position by elevating in the sagittal and coronal planes. Significant scapular winging that normalizes beyond 90 degrees during sagittal plane flexion elevation is typically related to poor motor control of the serratus anterior. If medial winging persists beyond 90 degrees, a long thoracic nerve palsy or posterior glenohumeral instability is suggested. Often, normal scapular motion occurs while elevating, but dyskinesia is seen on descent of the arm (usually below 90 degrees). As mentioned earlier, “eccentric dumping” is a common finding among many individuals, especially those who performed years of bench pressing or push-ups. Eccentric dumping is a common finding and may or may not be related to shoulder pathology.


Long Thoracic Nerve Palsy


Serratus Anterior Isolation Test

This test activates the serratus anterior without glenohumeral motion. The patient places the arms at the side and in external rotation. The patient actively protracts and slightly elevates the scapula (Fig. 9-14). A positive test is the inability to fully protract equal to the uninvolved side. The examiner can apply resistance by placing a hand on the patient’s back medial to the scapula and the other over the coracoid process and anterior shoulder. The examiner attempts to push the scapula posteriorly. A positive test is the ability to significantly displace the scapula posteriorly. The patient’s inability to move the scapula into a protracted and elevated position or easy posterior scapular displacement upon the examiner’s resistance indicates neural involvement to the serratus anterior.
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Figure 9-14 Serratus anterior isolation test. A, Positive. B, Negative.




Plus Sign

The patient is asked to lift the arm to 90 degrees in the sagittal plane and reach forward without rotating the body while maintaining humeral external rotation. A positive plus sign is indicated when medial winging increases (Fig. 9-15). A positive test almost always indicates a long thoracic nerve (LTN) palsy; however, the possibility of posterior glenohumeral subluxation must be considered. Setting the scapula into protraction and elevation before shoulder elevation can eliminate the posterior instability and winging if related to instability.
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Figure 9-15 Plus sign. A, The patient demonstrates medial scapular winging with shoulder flexion. B, The plus sign is positive since the winging increases as she attempts to reach forward. (From Leggin B, Kelley MJ. Disease-specific methods of rehabilitation. In: Iannotti JP, Williams GR, eds. Disorders of the Shoulder: Diagnosis and Management. Philadelphia: Lippincott Williams & Wilkins, 2005.)




Resisted Functional Flexion Test

The patient is asked to place the arm at approximately 135 degrees of sagittal plane flexion. The examiner resists shoulder flexion while palpating the inferior scapular angle. The patient should be able to maintain the inferior angle fixed on the thoracic wall during resistance.29 Significant inferior angle or medial border displacement with minimal forces indicates an LTN palsy. If part of the serratus anterior has been reinnervated, less displacement occurs. Performing a plus maneuver before resisting flexion inhibits lower trapezius substitution.


Posterior Instability

Scapular medial winging has been associated with posterior instability resulting from abnormal shoulder girdle muscle activation.76,77 In some patients it appears that immediate posterior subluxation on elevation may inhibit serratus activation. To help determine if posterior instability is the cause, the external rotation stabilizing maneuver (ERSM) can be performed along with a full instability examination. Stability gained by ERSM is thought to result because humeral external rotation tightens up the RCI and activates the posterior cuff, both of which improve posterior stability.78 Additionally, elevating the arm in external rotation has been found to maximally recruit the serratus anterior.79


External Rotation Stabilizing Maneuver

If scapular winging occurs during sagittal plane elevation, the patient is asked to repeat elevation with the arm maintained in humeral external rotation. The verbal cue is “turn your palm up.” Elimination of scapular winging helps to confirm posterior instability. At times the patient may need to initially protract and slightly elevate the scapula before elevating the arm.


Poor Motor Control

Poor serratus anterior motor control can result in subtle dyskinesis and occasionally dramatic medial scapular winging on arm elevation. To determine if serratus anterior motor control is the cause of dyskinesis, the serratus anterior isolation position can be used. The patient is asked to protract and slightly elevate the scapula followed by arm elevation in the sagittal plane. If scapular dyskinesis or symptoms are eliminated, poor serratus anterior control is suggested.

An LTN palsy or posterior instability is ruled out in patients demonstrating significant medial winging if the following are present: (1) negative serratus anterior isolation test, (2) negative plus sign (scapula moves forward on thoracic wall), (3) full resistance is applied with no or minimal displacement of the inferior angle during the resisted functional flexion test. Commonly, this type of patient has bilateral winging and appears to voluntarily activate the pectoralis minor, thereby inhibiting the serratus anterior.


Spinal Accessory Nerve Palsy

Associated signs and symptoms of spinal accessory nerve palsy (SANP) affecting the trapezius have been reported.80-82 Kelley and colleagues80,82 also described the scapular flip sign as a simple test to determine the presence of a SANP. In a case series (n = 20) all patients having a positive scapular flip sign were unable to elevate beyond 90 degrees in the coronal plane, and had 0/5 muscle grade of the middle and lower trapezius.


Scapular Flip Sign

The scapular flip sign is evaluated by resisting the shoulder external rotators (Fig. 9-16). The patient’s arm is placed at the side in neutral rotation. The examiner stands at the patient’s side so that the scapula can be observed. The patient is asked to push their wrist into the examiner’s hand (external rotation).82 A positive scapular flip sign occurs when the medial border of the scapula lifts (flips) from the thoracic wall. This occurs because the middle and lower trapezius normal tethering effect is lost secondary to an SANP.
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Figure 9-16 A, A positive scapular flip sign occurs when the medial scapular border “flips” off the thoracic wall when glenohumeral external rotation is resisted. B, Schematic demonstrating the unopposed pull of the external rotators causing the scapular flip sign. (From Kelley MJ, Kane TE, Leggin BG. Spinal accessory nerve palsy associated signs and symptoms. J Orthop Sports Phys Ther. 2008;38(2):78–86.)




Middle Trapezius Testing

The patient is placed prone, and the examiner manually lifts the scapula into anatomic position. The patient’s arm is placed at 90 degrees full horizontal abduction and external rotation. The patient is instructed to hold the arm in this position with the thumb up. The middle trapezius fibers should be palpated. Resistance is given at the posterior angle of the scapula or at the wrist. The examiner attempts to push the scapula into abduction or the arm to the ground.29 Substitution by the rhomboid is seen in Figure 9-17.
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Figure 9-17 Manual muscle testing position for the middle trapezius in a patient with right spinal accessory nerve palsy. Note the correct adducted position of the left scapula. The right scapula is elevated and adducted by substitution of the rhomboids and levator scapulae. (Reprinted, with permission, from Kelley MJ. Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder.© 1995 J.B. Lippincott Company.)




Lower Trapezius Testing

The patient is placed prone, and the examiner manually lifts the scapula into anatomic position. The examiner places the arm in approximately 135 degrees of elevation. The patient is instructed to hold the arm with the thumb up. The lower trapezius fibers are palpated. Resistance is given at the posterior angle of the scapula or at the wrist. The examiner attempts to push the scapula into abduction and elevation or the arm to the ground.29


Summary

Resisted motions are of critical value when differentiating contractile from noncontractile tissue and identifying the involved musculotendinous unit. Completion of the upper-quarter screen by strength testing below the elbow is essential to correlate or confirm neurologic involvement.

The examiner must be consistent in positioning, hand placement, and direction of force application yet must explore various positions out of the neutral to gain additional information about the mechanical nature of the soft tissue, osseous structures, and their mutual relationship.

Scapular dyskinesis can result from a palsy, poor motor function, or primary instability. Performing a scapular algorithmic examination can help determine the cause of the dyskinesis.


Passive Range of Motion

Assessment of PROM, as opposed to resisted motion, primarily determines the status of noncontractile tissue, particularly the CLC. Lesions or adhesions of the CLC typically lead to restrictions in all planes, although limitations may predominate in one or several planes. Cyriax27 describes two patterns of general restriction characteristics of all synovial joints: capsular and noncapsular.

The capsular pattern of the shoulder is described as having the greatest restriction in external rotation, followed by abduction and the least in internal rotation. Although the capsular pattern is considered a characteristic of adhesive capsulitis or primary frozen shoulder it has not been consistently found when objectively measured.83 The noncapsular pattern exists if the proportional limitations differ from the capsular pattern. Three pathology categories can result in a noncapsular pattern:

1. Isolated capsuloligamentous lesions

2. Internal derangement

3. Extra-articular limitations

Examples of each at the shoulder include an isolated lesion of the anterior capsule leading to limited external rotation, displaced labral tissue, and acute subdeltoid bursitis causing greater restrictions of abduction.

Four parameters are assessed during passive movement:

1. Range of motion

2. Presence of pain

3. Relationship between pain onset and end-range pain

4. End-feel


Range of Motion

Goniometry is performed to determine PROM. Table 9-4 lists the technique and common substitutions to detect end-range. Standardization of technique is absolutely essential in optimizing measurement reliability. Although some clinicians find goniometry unnecessary, we believe that it defines a baseline to gauge progress or regression.

Table 9-4 Goniometry
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POS, plane of the scapula. (From Kelley MJ: Evaluation of the shoulder. In: Kelley MJ, Clark WA, eds. Orthopedic Therapy of the Shoulder. © 1995, Philadelphia: J.B. Lippincott Company.)


Pain

The second parameter important in PROM assessment is pain; in particular, when does pain occur? Does pain occur near end-range, at end-range, or when overpressure is applied following end-range arrival? The clinician also needs to determine whether a passive painful arc is present. On occasion, pain causing apparent limited motion abates only if further motion is pursued. Varying humeral rotation and plane of elevation can allow further range by mechanically relieving tissue compression.

Pain occurring before true end-range, whether full or limited, signifies an inflammatory condition. This is commonly noted in acute bursitis, reactive rotator cuff pathology, and the early stages of reactive adhesive capsulitis. Pain arises from stretching irritated synovium, capsuloligamentous tissue, inflamed or torn tendon, or by soft tissue compression of structures such as the bursa and rotator cuff. The earlier pain is encountered in the ROM, the greater the inflammatory intensity or reactivity. Caution is required when evaluating and treating individuals in the early, or “freezing,” stage of adhesive capsulitis because forcing end-range by stretching usually intensifies the condition. Pain present as end-range is reached indicates moderate irritability as seen in patients with the stage 3 frozen shoulder. Stretching should still be approached with caution. Pain sensed after achieving a premature end-range demonstrates mild irritability due to stretching constricted connective tissue. This is noted in stage 4 frozen shoulder in the presence of dense connective tissue fibrosis without synovitis.


End-Feel

In conjunction with ROM and pain, the end-feel at end-range should be scrutinized. End-feel is the restrictive sensation perceived by the examiner when end-range is attained. This tactile impression is valuable in determining the tissue status and treatment approach. Six end-feels have been identified27:

1. Soft tissue approximation

2. Bone to bone

3. Springy

4. Capsular

5. Spasm (muscle guarding)

6. Empty

The former three are uncommon at the shoulder.

Soft tissue approximation is normally met at several joints, such as the elbow and knee, when full flexion is available and only the soft tissue mass prevents further motion. A normal bone-to-bone end-feel is felt at full terminal elbow extension when a hard, abrupt feel is noted. A springy block end-feel results from internal derangement, which is best appreciated at the knee having a displaced meniscal tear. Overpressure at end-range engages the derangement between the articular surfaces, producing a “springy” effect.

A capsular end-feel is considered normal at all shoulder end-ranges. The actual tactile sense has been described as stretching a piece of leather—firm yet pliable. The literature typically incriminates the CLC as being responsible for normal capsular feel. However, recognizing the intimate relationship between the rotator cuff tendons and the CLC, tendinous tissue also must participate in the end-feel. Turkel and colleagues84 found that by incising the subscapularis, external rotation ROM increased by 18 degrees when performed with the arm at the side. Obviously, this tendon primarily limits external rotation and thus is also responsible for the end-feel. It is difficult to rationalize that passive motion is not limited to some degree, whether in the normal or pathologic condition, by the rotator cuff tendons or surrounding shoulder musculature.

Cyriax27 uses the term spasm to describe an end-feel characterized by involuntary protective muscle activity reflexively initiated by pain. Because spasm has a confusing connotation, we choose the term muscle guarding. Two types of muscle guarding have been described: fast and slow.85 Fast muscle guarding occurs as twinges of protective muscle activity when the arm is moved through the ROM or at end-range. Slow muscle guarding is more controlled yet prevents further motion. The clinician can be fooled by slow muscle guarding because, at some point, undetectable muscle activity limits the motion, mimicking a capsular end-feel. This phenomenon can be appreciated if a patient with a stiff and painful shoulder is examined before and after anesthesia. Often a capsular end-feel is appreciated while awake yet under anesthesia 10 degrees or more of motion is achieved. One can only conclude the increased motion occurs because pain and muscle guarding is eliminated.

An empty end-feel is sometimes encountered in the presence of acute calcific tendinitis; here, pain is so significant that reflexive inhibition of the shoulder muscles occurs. A sense of mechanical limitation is absent at an early end-range, with motion limited only by pain. An empty end-feel also can be encountered in patients with scapular or acromial fractures or nondisplaced humeral head fractures.


Accessory Motions (Joint Play)

PROM can indicate the general hypermobility or hypomobility status of noncontractile tissue. Assessment of accessory motion provides specific information concerning joint CLC contracture or hyperelasticity. All of the joints encompassing the shoulder complex can be evaluated and treated using accessory motions. Accessory motions are movements not under voluntary control but essential for normal joint function.86,87 At the glenohumeral joint, these include anterior, posterior, and inferior humeral head gliding, as well as distraction. All except distraction are considered component motions, defined as necessary for full active motion.86,87


Stability Testing

Stability testing utilizes specific techniques and positions to determine whether the glenohumeral joint is unstable. Conceptually, these tests are similar to assessing accessory joint motions to determine mobility. Some tests are similar to joint play assessment except that they are performed out of the loose pack position (LPP) or encompass humeral rotation to further provoke signs and symptoms.

Stability testing is beneficial in patients who describe a history of instability or joint “looseness” or who are athletic. However, clinical judgment should determine the necessity of instability testing. For example, performing an anterior apprehension sign may not be required in a patient who incurred a documented anterior dislocation 2 weeks previously. Commonly, the history helps determine the presence of instability. In many instances, the diagnosis of rotator cuff tendinitis or impingement is often applied to a patient when symptoms are in fact secondary to a primary instability problem. Bilateral comparison is essential to determining asymmetry. In the patient with multidirectional instability (MDI), capsuloligamentous laxity may be symmetrical, but symptoms may be present on only one side.

A word of caution is needed regarding humeral translation assessment. Accessory motions and laxity testing are subjective and gain credence when performed in the symptomatic, grossly unstable patient, particularly if excursion findings are asymmetrical; however, when attempting to quantify excursion in the subtly unstable patient, validity is questionable. Patient relaxation is absolutely essential. Only with standardization of technique and experience is this testing meaningful. See Table 9-5 for instability testing sensitivity, specificity, and likelihood ratios.88

Table 9-5 Instability Tests: Sensitivity, Specificity, and Likelihood Ratios
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*Original description of test.

From Uhl TL. Rehabilitation of Scapular Dysfunction. In: APTA Combined Section Meeting. San Diego, CA, 2006.


Hyperelasticity or Hypoelasticity

Assessing gross connective tissue hyperelasticity or hypoelasticity at other joints is essential to aide in diagnosis and treatment. The metacarpophalangeal joints, wrist, elbows, and knees should all be evaluated for mobility (Fig. 9-18, online). Typically, the patient with MDI demonstrates hypermobility of other joints. Determining general connective tissue elasticity can be valuable in assessing and progressing ROM exercises in the postoperative patient. Those with hyperelastic joints are monitored so that motion does not return too quickly. This contrasts with hastening the rehabilitation in a patient with hypoelastic connective tissue characteristics who demonstrates early postoperative tightness.
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Figure 9-18 Patient demonstrating typical hyperelastic feature at the wrist.




Special Tests


Apprehension Maneuver

Apprehension refers to the sensation that a patient with recurrent glenohumeral instability experiences when his or her arm is placed in the position that provokes instability. Apprehension is most often associated with anterior instability. The apprehension maneuver can be performed with the patient in both the upright and supine positions. The arm is passively elevated to 90 degrees in the scapular plane, with the elbow bent to 90 degrees. The examiner gradually and simultaneously brings the humerus posterior to the scapular plane and externally rotates the humerus using one hand (Fig. 9-19). The thumb of the examiner’s other hand can be placed at the posterior aspect of the glenohumeral joint and used as a fulcrum. During testing in the supine position, the palm of the examiner’s other hand is placed behind the glenohumeral joint and used as a fulcrum. As external rotation and extension are applied, the patient with recurrent anterior dislocations becomes very anxious that a dislocation is about to occur. Most patients with recurrent subluxation rather than dislocation, however, experience pain instead of apprehension with this maneuver. It is important to distinguish between pain and apprehension with this maneuver because pain is a much less specific and sensitive indicator for recurrent instability than apprehension.
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Figure 9-19 Apprehension maneuver.




Relocation Test

The relocation test is a modification of the anterior apprehension maneuver. The relocation test is performed with the patient in the supine position, using the edge of the examination table as a fulcrum, rather than the examiner’s free hand. The patient may perceive pain or apprehension in this position. If the pain or apprehension is relieved with a simultaneously applied, posteriorly directed force on the shaft of the humerus, anterior glenohumeral instability or internal glenoid impingement may be present36,89,90 (Fig. 9-20). Like the apprehension maneuver, when the symptom elicited by this test is pain, rather than apprehension, it is much less sensitive and specific for instability.90
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Figure 9-20 Relocation test.




Anterior Release Test

The anterior release test was developed to diagnose occult anterior instability by reproducing the mechanical action that causes the patient’s symptoms. The patient starts supine with the affected arm over the edge of the examining table. The examiner abducts the patient’s arm to 90 degrees while using his or her hand to direct a posterior force on the patient’s humeral head. While maintaining the posterior force, the patient’s arm is brought into terminal external rotation, and then the posterior force is released. This test can be performed immediately after a positive relocation test and uses a mechanism that removes the force directed to relocate the humeral head. The test is considered positive if the patient experiences sudden pain, a distinct increase in pain, or symptom reproduction.91


Anterior and Posterior Laxity Testing

The anterior–posterior drawer test is performed with the patient in the seated position with the muscles as relaxed as possible. The head of the humerus is grasped in one hand by the examiner, and the scapula is stabilized on the rib cage using the other hand and forearm. The humeral head is compressed into the glenoid fossa slightly to center the head on the glenoid. The humeral head is then shifted anteriorly, and the amount of anterior translation is estimated (Fig. 9-21); the head is then returned to the center of the glenoid fossa, and this test is repeated in the posterior direction.
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Figure 9-21 Anterior drawer test.



The load and shift test differs from the anterior–posterior drawer test in two ways: first, it is performed with the patient in the supine position, and second, translation is tested in three positions: (1) arm at the side (i.e., 20 degrees abduction, neutral humeral rotation); (2) arm at 90 degrees of elevation in the scapular plane, neutral humeral rotation; and (3) arm at 90 degrees of elevation in the scapular plane, maximal humeral external rotation and then maximum internal rotation (Fig. 9-22). In each position, the patient’s arm is supported with one hand and the humerus is grasped in the other. An axial load is placed along the humeral shaft to provide a centering force, and the humerus is displaced anteriorly. This is repeated with the force directed posteriorly. The amount of anterior and posterior translation is quantified and compared with that on the opposite side. The degree of translation exhibits significant individual variability, and the ability to sublux the humeral head over the glenoid rim is a normal variant; therefore, comparison with the opposite side is critical. In a normal shoulder, the greatest amount of translation in both directions is appreciated in position 1 as this is the loose-pack position of the shoulder, where the capsule displays the most laxity. Although no specific degree of translation can confidently rule in instability, a variety of grading systems have been described, with the modified Hawkins’ rating appearing to have the most clinical relevance (Fig. 9-23, online). The rating system is graded as follows: grade 0 has no or little motion; grade I is the translation of the humeral head onto the glenoid rim; grade II is the dislocation of the humeral head that can be spontaneously relocated; grade III is a dislocation that does not relocate when the pressure is removed.92 These tests are primarily used to assess laxity and not elicit symptoms.


[image: images]

Figure 9-22 Supine anterior load and shift test.
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Figure 9-23 Representation of load and shift test assessing humeral head glide (translation) relative to the glenoid. (From Landborg G: Orthop Clin North Am 1988;19:1.)


Sulcus Test

Inferior instability refers to symptomatic increased inferior translation of the humerus with the arm at the side. It is most often present as a component of MDI. The mere presence of increased inferior translation with the arm at the side, without symptoms, is insufficient for a diagnosis of inferior instability. Inferior translation of the humerus with the arm at the side is primarily resisted by the RCI (i.e., the superior glenohumeral ligament and the coracohumeral ligament). Therefore, laxity or deficiency of the RCI may result in increased inferior translation during sulcus testing.

The sulcus test is performed with the patient in the seated or the supine position. The patient may be most relaxed in a seated position with both hands in the lap; this also allows the examiner to test both extremities simultaneously to examine for symmetry. The humerus is placed in neutral rotation and an inferiorly directed force is applied to the shaft of the humerus. Inferior translation of the humerus at the glenohumeral joint is observed as a dimpling effect just below the anterior acromion and is quantified by measuring the sulcus in centimeters (Fig. 9-24). The humerus is returned to the resting position, and the test is repeated with the arm at the side in maximal external rotation. In the normal shoulder, any inferior translation with the humerus in neutral rotation should be substantially reduced or eliminated in external rotation because this tightens the RCI. In the presence of RCI injury, the sulcus is either not reduced in external rotation or the amount of external rotation required to reduce the inferior translation is markedly increased compared with the opposite side. For the sulcus sign to truly be positive for inferior or MDI, it must reproduce the patient’s symptoms of instability. The sulcus sign has a high specificity when the sulcus is 2 cm or more.92
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Figure 9-24 Sulcus sign.




Jerk Test

The jerk test is useful for diagnosing posteroinferior instability. It is most easily performed with the patient upright (Fig. 9-25). The examiner places the arm in 90 degrees of elevation in the scapular plane with the humerus in slight internal rotation. With one hand, the scapula is stabilized against the thorax. With the other hand, the patient’s flexed elbow is grasped, an axial load is applied to the humeral shaft, and the arm is simultaneously adducted across the body and maximally internally rotated. A click or jerk is felt as the humeral head rides over the posterior glenoid rim. The humerus is then externally rotated and returned toward the coronary plane. A more pronounced click or jerk is felt as the humerus passes back over the posterior glenoid rim to return to the glenoid fossa. For this test to have clinical significance, it must reproduce the patient’s symptoms and differ from the opposite, normal side. In addition, there is a correlation between pain with this test and failure with nonoperative treatment;93 pain occurring as the humeral head is subluxed over the posterior glenoid rim often signifies a structural defect.
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Figure 9-25 Jerk test. Subluxed (A) and reduced (B).




Kim Test

The Kim test94 is a modified version of the jerk test and was designed to detect posteroinferior labral lesions of the shoulder. The test is performed with the patient sitting with the arm abducted to 90 degrees. The examiner places one hand on the elbow and the other on the lateral upper arm and applies a strong axial force. The examiner then elevates the arm 45 degrees diagonally and applies a force downward and backwards to the proximal arm. Applying a strong posterior force is necessary for an accurate test, thus having the patient sit on a supportive surface such as a chair with a back is preferable. Sudden posterior shoulder pain with or without a clunk is considered a positive test. It has been further suggested that pain indicates a posterior labral lesion, whereas pain with a clunk implies posterior instability with a labral lesion. Combining this test with the jerk test increases the sensitivity for detecting posteroinferior labral lesions.94


Multidirectional Instability

The tests for MDI are the same as those used for unidirectional instability. The challenge for the examiner is to differentiate between multidirectional laxity and MDI. Laxity without symptoms is not pathologic. Symmetrical laxity, even in the presence of symptoms, may not be the cause of the symptoms. Once the diagnosis of MDI seems accurate, the challenge then becomes determining which direction is the most symptomatic. An examiner’s ability to make the correct diagnosis improves with experience. Multiple examinations of the same patient at different times may also help.


Summary

Accessory motion and stability testing assesses the restrictive status and capabilities of the capsuloligamentous soft tissue surrounding the shoulder joint by determining whether excessive or reduced motion is allowed. To gain valid information from this portion of the evaluation, the clinician must (1) possess knowledge of positional influence on the static restraints, (2) stabilize the proximal segment when able to, and (3) compare findings with the uninvolved side. Experience and correlation with the history and diagnostic tests are absolutely vital.


Special Tests for Superior Labrum Anterior–Posterior Lesions


Active Compression Test (O’Brien’s Sign)

The active compression test is used to determine the presence of a superior labral anterior–posterior (SLAP) lesion or AC joint pathology (Table 9-6).95 The examiner places the arm in 10 degrees medial to the sagittal plane with the thumb down (Fig. 9-26). The patient is asked to resist the downward force of the examiner. A positive test is indicated by a painful click, which is eliminated if the arm is externally rotated (palm up). The first position creates a high pressure in the joint as the greater tuberosity loads the AC joint and bicipital–labral complex is tensioned; the second position clears the greater tuberosity from under the AC joint and relieves bicipital–labral complex tension, thus testing in this position relieves symptoms.95 This test can be used to clinically detect both labral and AC joint abnormalities, assuming that both the examiner and the patient can distinguish between pain or symptoms at the AC joint (“on top”) versus pain or clicking deep inside the shoulder, the latter indicating labral pathology.

Table 9-6 Special Tests for Superior Labrum Anterior–Posterior (SLAP) Lesions
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*Original description of test.

From Uhl TL. Rehabilitation of Scapular Dysfunction. In: APTA Combined Section Meeting. San Diego, CA, 2006.
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Figure 9-26 Active compression sign.




Biceps Load Test I

The biceps load test is used to detect SLAP lesions in patients with recurrent anterior dislocations. With the patient in the supine position, the examiner grasps the patient’s wrist and elbow, abducts the patient’s affected shoulder to 90 degrees, and supinates the forearm (Fig. 9-27). With the patient relaxed, an anterior apprehension test is performed; external rotation is stopped at the point where the patient becomes apprehensive. At this point, the patient is asked to flex the elbow while the examiner resists elbow flexion. The patient is asked if apprehension has changed. If the patient experiences less apprehension or pain, the test is negative. If apprehension remains unchanged or the pain increases, the test is positive.96 It is important to realize that the test was developed for patients specifically with anterior instability, thus stability testing should precede this test to determine its appropriateness.
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Figure 9-27 Biceps load test I.




Biceps Load Test II

The biceps load test II is used to detect isolated SLAP lesions and is most useful for the detection of type II lesions, distinct for their biceps anchor detachment. The test starts with the patient supine and the examiner sitting adjacent. The examiner grasps the patient’s affected arm by the wrist and elbow, abducts the shoulder to 120 degrees, flexes the elbow to 90 degrees, and fully externally rotates the shoulder and supinates the forearm (Fig. 9-28). The patient is asked to flex the elbow while the examiner resists this motion. The test is considered positive if this maneuver elicits pain, or if the patient experiences an increase in pain from the resisted elbow flexion.97
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Figure 9-28 Biceps load test II.




Anterior Slide Test

The anterior slide test was developed to test for SLAP lesions in athletes who may or may not have concurrent pathologies.52 The patient may start sitting or standing with his or her hands on the hips, thumbs pointing posteriorly (Fig. 9-29). The examiner places one hand on the top of the patient’s shoulder, pointing posteriorly, with the index finger extending over the anterior acromion. The examiner places his or her other hand behind the elbow and forward, applying a slightly superior force to the elbow and upper arm; the patient pushes back against this force. The test is considered positive if pain is elicited in the front of the shoulder under the examiner’s hand, or a click or pop is felt in the same area. This test stresses mainly the anterior labrum in the region of the biceps anchor, but unlike other provocative testing for SLAP tears, does not require end-range positioning and may be more comfortable for patients who are highly irritable.52
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Figure 9-29 Anterior slide test.




Crank Test

The crank test is used to diagnose labral tears and is particularly useful for patients with stable shoulders. With the patient in the upright position, the examiner elevates the patient’s arm to 160 degrees in the scapular plane. The examiner applies a joint load along the axis of the humerus with one hand while the other hand internally and externally rotates the humerus in an effort to catch the labrum. Pain during the maneuver (with or without a click) or reproduction of symptoms indicate a positive test. Symptoms are most often noted with external rotation. If the patient is unable to relax in the seated position, the test may be performed also in the supine position.


Resisted Supination External Rotation Test

In the abducted, maximally externally rotated position, the biceps tendon may transfer a torsional force to the superior labrum, which, in turn, rotates the posterior superior labrum medially away from the glenoid, resulting in a SLAP tear. This is referred to as the “peel-back” mechanism. The resisted supination external rotation test is used to identify superior labral lesions by attempting to recreate this peel-back mechanism by which SLAP tears occur. The test is performed with the patient supine and the affected shoulder near the edge of the examination table. The examiner abducts the shoulder to 90 degrees, flexes the elbow 60 to 70 degrees, and places the forearm in neutral or slight pronation. The patient’s scapula is stabilized by the table. The patient is asked to supinate the forearm with maximal effort; the examiner resists this motion while externally rotating the shoulder to end-range. The test is considered positive if the patient experiences anterior or deep shoulder pain, clicking or catching in the shoulder, or usual symptom reproduction. Posterior shoulder pain, apprehension, or no pain are considered a negative test.98


Summary

Unfortunately, the accuracy of labral testing varies widely based on the examiner and is confounded by the fact that patients with labral pathology often have concurrent pathologies in the affected shoulder. A thorough history and clinical examination are crucial tools for the clinician. A patient history with either a distinct trauma or repetitive provocative motions (perhaps most commonly pitching) may lead the clinician to consider labral pathology, along with complaints of mechanical symptoms, such as popping, clicking, or catching. These patients may have pain in the classic apprehension position, but further instability testing is negative. Physical examination using a battery of tests has been found to be more sensitive than MRI in diagnosing labral pathology;99 however, arthroscopy remains the gold standard.


Rotator Cuff and Biceps Special Tests



Neer’s Impingement Sign

Impingement of the supraspinatus tendon or biceps against the anterior acromion and coracoacromial ligament may result in anterior shoulder pain. Neer5 described the impingement sign as a means of reproducing pain associated with subacromial impingement. The sign is elicited by passively elevating the arm in a plane that is slightly anterior to the scapular plane (Fig. 9-30). As the arm is brought into the final degrees of elevation, contact occurs between the coracoacromial arch and the supraspinatus tendon, and subacromial bursa and biceps. However, recent in vivo evidence reveals that supraspinatus impingement occurs on the superior glenoid rim not the arch.6 Regardless of the site of impingement, this sign has very good sensitivity but poor specificity (Table 9-7). This means that if a patient does not have pain with this test they probably do not have pathology of the rotator cuff, biceps, or subacromial bursa. The sensitivity of the impingement sign can be improved by repeating the maneuver after the subacromial space has been infiltrated with local anesthetic. If the impingement sign is no longer painful, subacromial impingement syndrome is strongly indicated. The combination of the impingement sign with subacromial local anesthetic is referred to as the impingement test.5
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Figure 9-30 Neer’s impingement.



Table 9-7 Rotator Cuff and Biceps Special Tests
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*Original description of test.

FT, full-thickness.

From Uhl TL. Rehabilitation of Scapular Dysfunction. In: APTA Combined Section Meeting. San Diego, CA, 2006.


Hawkins’ Sign

The Hawkins’ sign or impingement reinforcement sign is based on the concept that elevation of the humerus to 90 degrees in the scapular plane brings the rotator cuff tendons, biceps, and bursa into close approximation to the coracoacromial arch. In this position the arm is passively internally rotated, thereby compressing the supraspinatus tendon, biceps, and bursa against the coracoacromial arch (Fig. 9-31). This is painful in patients with impingement syndrome.100
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Figure 9-31 Hawkins’ impingement.




Biceps Provocative Signs

Tendinitis of the long head of the biceps can be a difficult diagnosis to make unless the biceps is primarily involved. Palpation of the bicipital groove is not a reliable test. Moreover, many of the commonly described maneuvers or tests to elicit pain in patients with bicipital tendinitis are also painful in other pathologic conditions affecting the shoulder. Two such signs are Yergason’s and Speed’s signs. Yergason’s sign is present if pain is elicited by resisted supination with the elbow flexed and slightly externally rotated. Speed’s sign is performed by asking the patient to place the arm at or near shoulder height (approximately 60 degrees) in the scapular plane with the elbow extended. The patient is then asked to attempt to further elevate the arm in the scapular plane against resistance supplied by the examiner. This maneuver is thought to elicit pain in patients with biceps tendinitis and had good specificity.40

A useful refinement of Yergason’s sign may improve the specificity of biceps testing. Combined elbow flexion to 90 degrees and neutral humeral rotation places the long head of the biceps in a position of relative laxity. Resisted supination of the forearm in this position causes little stress on the biceps. If the humerus is then maximally externally rotated, the biceps is forced against the medial wall of the bicipital groove (Fig. 9-32). Resisted forearm supination in this position of greater biceps tension is painful in patients with biceps tendinitis. This biceps provocative sign is considered positive if resisted supination in the first position is nonpainful or mildly painful and becomes markedly painful in the second position.
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Figure 9-32 Modified Yergason’s sign.




Supraspinatus Isolation Test

The test position was initially advocated by Jobe and Moynes,101 who found that the position increased activity of the supraspinatus. The arm is placed at 90 degrees in the POS with the thumb down, which maintains internal rotation (Fig. 9-33). The examiner then resists by pushing into adduction. A painful or weak response is elicited if a supraspinatus tendon lesion exists.102 The test is more specific for a rotator cuff full-thickness cuff tear if weakness is present.40,102 Kelly and Speer103 found maximal activity of the supraspinatus with the arm in external rotation at 90 degrees in the POS. This position was also found to be more comfortable because it tends to avoid painful compression of the tendon–bursal complex. Another way to avoid subacromial impingement yet still isolate the supraspinatus is to place the arm at 45 degrees in the POS with either internal or external rotation.
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Figure 9-33 Supraspinatus isolation test.




External Rotation Lag Sign and Drop Sign

The external rotation lag sign (ERLS) and drop sign are tests recently published by Hertel and colleagues62 to further evaluate the integrity of the supraspinatus and infraspinatus tendons or nerve involvement. Two positions are performed. The first is to passively place the arm in full external rotation with the arm 20 degrees abducted in the POS (Fig. 9-34A, B). Care should be taken not to over-rotate, which can result in elastic recoil. The examiner instructs the patient to maintain the arm in this position and releases at the wrist but supports the elbow. A patient with an intact supraspinatus and infraspinatus can maintain the arm in this position. If the arm lags or falls toward internal rotation, the test is positive. The degree of lag is related to the size of tendon tear or severity of nerve involvement. A lag of 5 to 10 degrees was found to indicate a supraspinatus tear, and a lag of greater than 10 degrees was associated with a supraspinatus and infraspinatus complete tearing.62 Significant lagging may also occur with a severe complete suprascapular nerve palsy. This test can be extremely valuable postoperatively when assessing cuff integrity. As with all resisted motion testing, this test is most appropriately used after 6 weeks in a patient after rotator cuff repair.
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Figure 9-34 A, B, External rotation lag sign. C, D, Drop sign (external rotation lag performed in the elevated position).



The drop sign is performed in elevation. The patient’s arm is passively placed at 90 degrees of POS abduction and near full external rotation (Fig. 9-34C, D). The patient is instructed to maintain the arm in this position as the wrist is let go but the arm supported. The magnitude of drop into internal rotation is recorded. This test is designed to assess primarily infraspinatus function. A patient with a positive lag in the 90-degree position is believed to have a full-thickness tear of both the supraspinatus and infraspinatus.


Lift-Off Test

The lift-off test is performed with the patient sitting or standing.64 The patient is asked to place the dorsal aspect of the hand on the lower back and lift it away (Fig. 9-35). The test is positive if the patient cannot remove the hand from the back or only do so partially. This position places all of the internal rotators in their shortened position but primarily isolates the subscapularis.104 For this test position to be valid, the patient must have the available pain-free motion. Many individuals who have rotator cuff tears not involving the subscapularis have difficulty placing their arm in the lift-off position because of pain or contracture.
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Figure 9-35 Lift-off test.




Internal Rotation Lag Sign

This test can help to determine if the subscapularis is torn.62 If full motion is available, the internal rotation lag sign can be performed. The examiner passively places the patient’s arm into internal rotation behind the back and lifts the dorsum of the hand from the back (essentially the completed lift-off position) (Fig. 9-36A). Care must be taken not to rotate beyond available range. The elbow is supported, and the patient is asked to maintain this position as the hand is released. A positive test is when the hand falls toward or onto the back (Fig. 9-36B). In both the lift-off test and internal rotation lag sign, the examiner must watch for substitution of shoulder extension and elbow extension.
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Figure 9-36 Internal rotation lag sign (A) lift-off and (B) demonstrates positive test.




Belly Press Test

The belly press test is useful in the patient who cannot be placed into the lift-off or lag sign position because of pain or contracture.64 However, it still isolates the subscapularis. The patient is asked to place the hand flat against the stomach and to place the elbow out to the side and slightly forward (Fig. 9-37). The patient is instructed to push into the stomach while keeping the elbow out to the side. A positive test is indicated when the elbow cannot be maintained out to the side and forward (the arm adducts). To further appreciate the degree of weakness, the examiner may also attempt to pull the hand from the stomach. With rupture or insufficiency of the subscapularis, the hand is easily pulled from the stomach.
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Figure 9-37 Belly press sign positive on the right.



Miller and coworkers67 reported on patients with positive signs for subscapularis rupture following a total shoulder replacement or hemiarthroplasty. It is doubtful that these people have ruptured their subscapularis, but weakness may be caused by mechanical insufficiency of the subscapularis or tendon alterations.


Horizontal (Cross-Body) Adduction Test

The horizontal adduction test is useful in patients thought to have AC arthritis or derangement of the intra-articular disk. The test is performed by passively elevating the arm to 90 degrees in the POS. The arm is then forced into adduction by passively bringing the arm across the body. Patients with AC arthritis or derangement of the intra-articular disk complain of pain localized to the AC joint. The test may be even more painful if adduction is performed with the arm elevated slightly above shoulder height. The patient should be carefully examined for posteroinferior capsular contracture. Horizontal adduction in these patients tightens the posterior capsule prematurely and may result in a feeling of pain or stretching in the posterior aspect of the shoulder. Anterior shoulder pain may also be elicited under these circumstances because of obligate anterior translation into the coracoacromial arch (impingement). In addition, superior labral tears may also be symptomatic with this maneuver. The specificity of the horizontal adduction test for AC pathology is strengthened if the patient has localized tenderness over the AC joint. In addition, combining the test with an AC injection of local anesthetic determines the joint involvement.

A patient complaining of pain medial to the glenohumeral joint may experience a reproduction of symptoms by performing horizontal adduction. Patients with coracoid impingement experience pain with this maneuver as the coracoid bursa or subscapularis is compressed against the coracoid process. The examiner must also be aware that horizontal adduction places the glenohumeral joint into a provocative position in patients with posterior instability.


Neural Tests


Sensation and Reflexes

Sensation testing is critical to determining neurologic involvement demonstrated by cutaneous disruption. Light touch, pinprick, and thermal discrimination should be determined in all dermatomes correlated with the nerve root level or peripheral nerve. As previously stated, Spurling’s test can be useful in determining whether the cervical spine is involved. Reflexes need to be examined bilaterally at the biceps (C5), brachioradialis (C5–C6), and triceps (C7). Altered or absent reflexes are recorded and correlated with other findings. Although the vascular tests are considered positive when changing vascular flow is noted, they also provoke the adjoining structure to the vessels, the brachial plexus. As Rayan and Jensen105 demonstrated, healthy subjects can have neurologic symptoms with vascular test positioning, therefore, caution is required in interpreting the results.


Upper Limb Tension Test

The upper limb tension test can provide the clinician with information about the neural tissue extending from the cervical nerve roots to the peripheral nerves.106 The test itself is not considered positive or negative but is used to help confirm a diagnosis when coordinated with the rest of the examination. This test should be performed in stages, with careful monitoring of the patient. Testing can be biased toward the median, ulnar, or radial nerve. Elvey106 emphasizes that the examiner focus on the “feel” of tension imparted to the examiner’s hand as the patient’s extremity is moved. Symptoms should not be encouraged. The technique for this test is described fully in Chapter 118.


Tinel’s Sign

Tinel’s sign has been described as eliciting tenderness from a neuroma.107 In fact, paresthesia caused by compression of neural tissue is augmented when assessing this sign’s presence. The test can be performed anywhere along the nerve path, but the sign is best elicited over the more superficial areas of neural tissue. Areas the Tinel’s sign is best assessed are Erb’s point, the medial arm, the ulnar groove, medial to the common flexor tendon origin, the middle of the volar aspect of the wrist, and over the pisiform. The test is performed by tapping over the chosen area; if paresthesia or pain is produced at the region or, more typically, within the involved nerve sensory distribution, the sign is considered positive. This indicates involvement of the nerve at that level or somewhere proximal along the neural track. For example, a positive Tinel’s sign is commonly elicited at the ulnar groove, yet the lesion may be in the brachial plexus.


Vascular Tests


The clinical diagnosis of vascular compromise is suggested by provocation or relief of signs and symptoms by selective anatomic positioning and alteration of tissue tensions.

The examiner must attempt to evaluate changes induced in the arterial, venous, and nervous systems during each diagnostic maneuver. Three or more distinct anatomic sites in the shoulder girdle region can be involved in the production of thoracic outlet syndrome (TOS). The classic diagnostic maneuvers attempt to provoke neurovascular disturbances by introducing mechanical forces at these specific sites.

Test maneuvers and general examination for vascular compromise are performed with the patient seated and well stabilized. All tests are performed bilaterally and compared. The examiner should begin with observation of the hands, resting palms up on the thighs. Notation of color is made in the dependent position and observed for change when in the test position. Skin temperature and moisture are noted. With the palms down and forearms pronated and resting on the thighs, the radial pulse is monitored at the wrist. The pulse volume or strength is assessed bilaterally in the rest position. Bilateral brachial blood pressures can be taken and compared. A difference of more than 30 mm Hg is significant.

Symptom reproduction or intensification is one objective of the provocative testing. The patient is asked to report the location, nature, and intensity of symptoms before each diagnostic maneuver while in the rest position and provide commentary on perceived changes during and immediately following each test. Common tests are described in Chapter 54. To more accurately diagnose vascular compromise in the clinic, performance of a battery of these tests is recommended.


Difficulties in Testing

Diagnostic accuracy can prove difficult for several reasons. The list of signs and symptoms attributed to TOS is extensive, and they are typically intermittent in nature. Changes in the radial pulse volume occur in many asymptomatic individuals; the absence of change in the radial pulse suggests the lack of significant arterial compression but does not rule out venous or neurologic involvement. Inflamed nerves are sensitized to stretch or compression distal to the site of the lesion, and more than one lesion can coexist. Paresthesias can also occur with TOS testing in asymptomatic individuals; using pain or symptom attenuation reduces the incidence of false positives with this testing.


Palpation


Palpation is performed to detect temperature changes, pain, atrophy, and swelling and to identify bony landmarks and structures such as muscle bellies and tendons. Temperature change can indicate inflammation or reduced circulation. Warmth commonly exists following surgery as the healing process continues. In severe to moderate reactive rotator cuff irritation, warmth may be noticed about the greater tuberosity.

Subtle swelling or atrophy may be palpated by symmetrically “smoothing” with the fingers the areas around the deltoid and scapular fossae for contour asymmetry. Crepitus and clicking are palpated for during both AROM and PROM. Crepitus can indicate articular or rotator cuff deficits, whereas clicking about the shoulder can be quite normal. Tracing clicking to soft tissue, labral, or articular origin can be challenging because of the ability of bones to transmit vibration. Symptomatic clicking should be noted and entered into examination data. Painless clicking, such as that which occurs at the biceps tendon when throwing, can become painful with repetitive mechanical irritation.

The examiner needs to gain appreciation for normal tender areas responding to deep palpation. These include the biceps groove, coracoid process, inferior posterior deltoid fibers, and lesser tubercle. Without prior knowledge of vulnerable tenderness or if palpated without contralateral comparison, significant erroneous information can be gathered. Knowledge of referred pain zones and trigger points is invaluable in establishing a diagnosis and treatment plan. The clinician may become frustrated when palpation is performed over the reference pain area because the lesion lies elsewhere.

Last, accurate palpation can be performed only if the clinician has appropriate knowledge of anatomy and biomechanics. Anatomic visualization is essential to strip away the overlying tissue, and biomechanical principles are required to fully expose the underlying structures. For example, although the supraspinatus insertion to the greater tuberosity lies anterior to the acromion in the resting position, full exposure is gained through humeral internal rotation, extension, and adduction.27,84


Sternoclavicular Joint

The sternoclavicular joint can be found easily just lateral to the sternal notch. Movement is felt as the shoulder girdle is elevated, depressed, protracted, or retracted. Abrupt joint motion occurring as the arm is elevated could indicate subluxation.


Acromioclavicular Joint

The AC joint is found at the distal lateral clavicle junction with the acromion. Point tenderness could indicate pathology, and contralateral comparison is required. Following a grade II or grade III separation, the scapula depresses as a consequence of coracoclavicular and AC ligament tearing. This results in a noticeable prominence of the distal clavicle compared with the uninvolved side (Fig. 9-38, online).
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Figure 9-38 Palpation of the acromioclavicular joint.




Supraspinatus

Belly. The supraspinatus muscle belly can be difficult to isolate because the upper trapezius blankets it superiorly. Commonly, in a chronic condition such as a large rotator cuff tear or a suprascapular nerve injury, atrophy is appreciated by hollowing of the fossa. Atrophy may not be present in a recent injury, and palpation to determine supraspinatus contraction during active elevation is frustrating because of the trapezius obligatory activity. To better palpate the supraspinatus muscle belly, the patient is placed in a side-lying position on the uninvolved side; this places the trapezius in a relatively gravity-eliminated position for arm elevation. The examiner then passively places the patient’s involved upper extremity into abduction to approximately 60 degrees, and then, while palpating over the supraspinatus belly, the patient is asked to maintain this position. The supraspinatus belly can be felt to contract through the relatively inactive trapezius. If no contraction is felt, interruption of the muscle–tendon unit or innervation is suggested.

Musculotendinous Junction. Cyriax27 describes palpation of the supraspinatus musculotendinous junction just posterior to the distal clavicle and anterior to the suprascapular spine. Pain at this location could indicate the lesion location.

Tendon. Full exposure of the supraspinatus tendon insertion should be gained by placing the patient’s arm into functional internal rotation (Fig. 9-39, online). This position completely exposes the tenoperiosteal junction and tendon.27 Using the anterolateral acromion as a reference, the examiner moves approximately 2 cm inferiorly; this is where the tendon and tenoperiosteal junction are palpated. The subacromial bursa also can be palpated in this position. The clinician should recognize that palpation is performed to determine if these sites are painful versus differentiating the rotator cuff tendons. Because the rotator cuff tendons are flat confluent structures and because the deltoid lies over the tendon, one can rarely “feel” the tendon.
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Figure 9-39 Supraspinatus tenoperiosteal junction and tendon.




Infraspinatus

Belly. The infraspinatus muscle belly is readily palpated in the infraspinatus fossa because no overlying musculature is present (Fig. 9-40, online).
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Figure 9-40 Infraspinatus muscle belly.



Tendon. The patient can be placed prone or seated with the arm at 90 degrees of flexion, slight horizontal adduction, and external rotation. This displaces the infraspinatus insertion posteriorly and inferiorly to the acromion. The examiner must identify the posterior lateral acromion and palpate inferiorly approximately 1 cm. The tendon can be found distal to the muscle belly.


Subscapularis

Belly. The subscapularis muscle belly is difficult to palpate because its origin is on the ventral surface of the scapula. A position has been described for trigger point assessment in which the patient is placed supine with the arm abducted to 90 degrees, causing lateral rotation of the scapula.15 The examiner identifies the anterior latissimus dorsi border and palpates deep into the exposed subscapularis muscle belly. Trigger points of the subscapularis are believed to be a source of pain and potentially restrict shoulder ROM.

Tendon. The subscapularis tendon and insertion into the lesser tubercle can be a source of pain. To palpate, the patient is placed upright or supine and the lesser tubercle is located by using the anterolateral acromion as a landmark. The examiner palpates inferiorly approximately 2 cm, and the arm is rotated internally and externally beneath the thumb. Movement of the tuberosities and groove is appreciated underneath the thumb. In external rotation, the lesser tuberosity is palpated; as the arm is internally rotated, the finger falls into the groove and then onto the anterior greater tuberosity. To gain greater exposure of the insertion and tendon, the humerus should be externally rotated approximately 50 degrees.


Biceps

Tendon. This structure is intra-articular and extra-articular. Trauma to the tendon has been described as commonly occurring as it wraps laterally around the lesser tuberosity. This is an area of friction, which, over time, can cause fraying and eventual rupture. The intra-articular component also can be traumatized by impingement against the overlying coracoacromial arch.

Groove. This is a normally tender area even in the asymptomatic shoulder, and bilateral comparison is essential. The patient’s arm is placed at approximately 10 degrees of internal rotation, placing the groove anteriorly. The examiner finds the groove position relative to the tuberosities, as discussed under subscapularis tendon palpation (Fig. 9-41, online). The actual tendon cannot be appreciated because it lies tight in the groove and is covered by the anterior deltoid. Many clinicians mistakenly “palpate” the biceps tendon in the groove, but further discrimination reveals the septum between the anterior and middle deltoid heads. The intra-articular component can be identified over the humeral head as it runs an oblique course to the supraglenoid tubercle. This is best palpated in a very thin individual or in the presence of marked deltoid atrophy.
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Figure 9-41 Long head of the biceps.




Deltoid

The deltoid can harbor trigger points, particularly in a patient with a chronically painful shoulder. The deltoid heads require palpation for tenderness and comparison with the uninvolved side. Commonly, the symptomatic trigger point is found in the distal anterior portion of the middle deltoid. We have found the inferior fibers of the posterior deltoid to be normally tender, possibly due to the axillary nerve superficial location.


Evaluative Friction Massage or Acupressure

Once a tender region of the contractile element has been identified, friction massage can be performed to determine the effect on signs and symptoms. The patient is initially examined and painful ranges and resisted motions determined. Friction massage or acupressure is then performed for 3 to 5 minutes to the suspected soft tissue element. The patient is then reassessed and the percentage reduction of pain reported. In essence, this is a noninvasive equivalent to the impingement test. This is more appropriate in the less reactive patient. If an area is exquisitely tender, particularly if the examination determines a high degree of reactivity, evaluative friction massage or acupressure should be deferred.

As discussed previously, palpation should be performed last to prevent premature irritation of the involved structures as well as avoiding “diagnosis prejudging.” Palpation assessment quite literally places the “finishing touches” on the evaluation process. Results should confirm the history and previously gathered information regarding symptom etiology and diagnosis.


Summary

A thorough examination of the shoulder can be an integral part when assessing the upper extremity. In this chapter, we described shoulder examination in the authors’ preferred order. Patient characteristics can provide insight into shoulder pathology and help aid diagnosis and classify irritability. A thorough history is critical in gaining information about the patient and his or her diagnosis, including the chief complaint and the attributes of the pain. When appropriate, information about the patient’s specific surgery is essential.

The physical examination should be performed systematically, respecting the irritability of the patient and possible healing structures. Observation, postural assessment, and examination of proximal joints are invaluable for differential diagnosis and identifying possible confounding factors. An integrated examination includes testing of contractile and noncontractile tissues and, often, a myriad of special testing to confirm accurate diagnosis and create a complete picture of the patient’s present status. Again, we recommend palpation as the final stage of the examination to prevent possible irritation of involved structures. In the end, fastidious examination and attention to detail maximizes the clinician’s ability to form a diagnosis and prognosis and ultimately to treat the patient.
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CRITICAL POINTS

▪ The upper quarter screen is appropriate when the diagnosis is unclear or when there is potential for referred pain from more proximal structures.

▪ The purpose of the upper quarter screen is to determine which anatomic region of the upper quarter is contributing to the patient’s symptoms and to rule out gross sensory or motor neurologic deficits.

▪ The examiner should observe for reproduction of the patient’s chief complaint of pain or symptoms, and, when identified, a more thorough examination of that region is necessary.

▪ The screening examination is performed bilaterally. This is especially true for reflex testing since results in normals can vary widely.



Anatomically, the upper quarter includes the cervical spine, upper thoracic spine, and the upper extremity. Because the source of a patient’s symptoms is often unclear, a screening examination can be helpful in providing an efficient mechanism for determining more precisely which region(s) may be contributing to the symptoms.1 The upper quarter screening examination is designed to achieve two basic purposes: (1) determine which anatomic region of the upper quarter is contributing to the patient’s symptoms and therefore needs to be examined in greater detail, and (2) rule out gross sensory or motor neurologic deficits consistent with a cervical radiculopathy or other source.2,3

A screening examination is often unnecessary when the source of a patient’s symptoms or dysfunction is very clear from the history, such as with postsurgical problems or when some isolated traumatic injury has occurred to the upper extremity. The screening examination is most appropriate when the diagnosis is unclear or when there is a potential for referred pain, typically emanating from more proximal structures.

Referred pain can be simply defined as pain perceived in an area other than its source. A complete discussion of referred pain is beyond the scope of this chapter, but understanding some general characteristics of referred pain can be very helpful clinically. First, deeper, more proximal structures are most likely to refer pain.4,5 Therefore, the majority of the upper quarter screening examination focuses on the cervical spine and shoulder. These areas are known to be potential sources able to refer pain to multiple sites in the upper extremity.6-8 However, it is rare that distal structures in the upper extremity refer pain proximally. Referred pain is also typically described as a poorly localized, dull aching sensation.4,5 Therefore, the patient who rubs the entire lateral aspect of the arm while describing a dull aching pain is more likely to have referred pain than a patient who, for example, complains of a sharp localized pain on the lateral aspect of the elbow.

While performing the examination, the goal is to reproduce the patient’s chief complaint of pain or other symptoms. Occasionally, patients have mild restrictions in cervical range of motion (ROM) or complaints of discomfort or pulling sensations during cervical spine testing. Painless restrictions in motion or symptoms that are not part of the patient’s chief complaint should not be interpreted as positive tests but more likely represent normal variations.

What is included in the screening examination varies greatly; however, a suggested format is given in the form shown as Figure 10-1. As a general rule, the vigor and extent of the examination should be based on the patient’s history. The goal is to gain enough information to proceed intelligently without exacerbating the patient’s symptoms unnecessarily. Therefore, for patients with very severe symptoms the exam should be more limited. Also, tests or motions that are anticipated to most likely provoke symptoms should be saved for the end of the examination whenever possible so as to avoid clouding the remaining tests.


[image: images]

Figure 10-1 Upper quarter screening form. (This figure is available as a PDF at ExpertConsult.com)



The screening examination includes inspection, progressively vigorous cervical spine testing, a brief systematic scan of the peripheral joints, myotome testing for motor weakness, sensory testing for diminished light touch sensation, reflex testing, and special tests related to neural tension and palpation of common entrapment sites.


Inspection


Inspection includes observation from the side as well as anterior and posterior views. Any asymmetry should be noted as well as gross postural abnormalities. Careful attention should be given to normal soft tissue contours to observe for muscle wasting in key areas such as the supra- and infraspinous fossa (rotator cuff atrophy), and the upper trapezius and deltoid musculature (Fig. 10-2A). Anteriorly, the supraclavicular area should be inspected for any swelling (loss of normal concavity), which could represent swelling associated with brachial plexus injury as well as the potential for an upper lung tumor (Fig. 10-2B). Asymmetrical shoulder heights are somewhat common, with the dominant side being lower than the nondominant side. However, an elevated shoulder girdle could represent protective guarding associated with a cervical spine or neural tension problem, and a low shoulder may provoke neural tension problems.
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Figure 10-2 A, Normal soft tissue contours for the upper trapezius, supraspinatus, and infraspinatus muscles. B, Normal concavity in supraclavicular area.




Cervical Spine


The cervical spine is probably the most common source of referred pain to the upper extremity. If the problem is from direct compression of a nerve root or spinal nerve (cervical radiculopathy), the symptoms will include either sensory disturbances or motor weakness.3,10 More commonly, the cervical somatic tissues (ligaments, facet joints, disk, muscle) can refer pain to the upper extremity without direct neural compression.4,5,9,11-13 In either case, the goal of the examination is to reproduce the chief complaint symptoms with ROM tests or special tests. ROM testing is done in each direction, first actively, then with passive overpressure applied at the end range if the active motion was pain-free (Fig. 10-3). Generally, cervical extension is the most provocative motion and should be performed last. If standard motions do not provoke symptoms, special tests can be performed. These include cervical distraction, the Spurling test, shoulder abduction test, and the upper limb tension test (Figs. 10-4 to 10-7). For cervical distraction (see Fig. 10-4A, B), patients must be relaxed, which is best accomplished by having them supine and applying traction by pulling on the occiput and mandible.3 A positive test is diminished symptoms during distraction. Distraction may also be accomplished with the patient seated while leaning back slightly on the chair or directly on the examiner.14,15 Spurling’s maneuver16 as originally described involves passive sidebending with overpressure and axial loading (see Fig. 10-5); although, several authors have described the test to include ipsilateral rotation and extension. A positive test requires reproduction of the patient’s chief complaint symptoms, because many patients feel some local neck discomfort during the maneuver that is not part of their symptom complex. The basis for this test is that this position maximally narrows the intervertebral foramina on the side being tested.17 The shoulder abduction test is performed by the patient resting the hand on top of the head for approximately 30 seconds, and a positive test is when the chief complaint symptoms are reduced or eliminated (see Fig. 10-6). The upper limb tension test has many variations, but all utilize a combination of extremity movements performed sequentially to produce tension in the neural tissues.18 Specific tests for adverse neural tension within the upper quarter are discussed more completely in Chapter 118. A simple screening maneuver for the upper quarter is the combined active motions of full shoulder abduction in the frontal plane plus elbow, wrist, and finger extension. Generally, the elbow, wrist, and fingers are extended first, and shoulder abduction is the final motion. If the chief complaint symptoms are reproduced, or shoulder abduction is appreciably reduced when combined with elbow, wrist, and finger extension, the possibility of adverse neural tension must be more fully evaluated. Wainner and colleagues3 studied the upper limb tension test (ULTT, part A), which was performed passively with the patient supine in a sequential fashion as follows: (1) scapular depression, (2) shoulder abduction, (3) forearm supination with wrist and finger extension, (4) shoulder lateral rotation, (5) elbow extension, and (6) contralateral and ipsilateral cervical sidebending. The patient is questioned regarding reproduction of chief complaint symptoms during the entire procedure. The criteria for a positive response were any of the following: (1) reproduction of the chief complaint symptom, (2) greater than a 10-degree difference between sides with elbow extension, (3) chief complaint symptoms increased with contralateral sidebending and decreased with ipsilateral sidebending.
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Figure 10-3 Cervical range-of-motion testing. The patient first moves to the end range actively. If no symptoms are elicited, passive overpressure is added. A, Flexion. B, Sidebending. C, Rotation. D, Extension.
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Figure 10-4 Cervical distraction. A, The supine position is best for relaxation and application of force but may not be efficient during a screening examination. B, In seating, the force is applied superiorly via the occiput. The patient must be completely relaxed which is best achieved by asking her or him to lean back on the chair or against the examiner.
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Figure 10-5 Spurling’s maneuver is performed by combining cervical sidebending and axial compression to the cervical spine.
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Figure 10-6 Shoulder abduction test.
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Figure 10-7 (A–G) Upper limb tension test (version A with median nerve bias).3,17



A few studies have provided data regarding the ability of these special clinical tests to detect cervical radiculopathy.2,3,15,19-21 In these studies, cervical radiculopathy was generally confirmed using needle electromyography or imaging findings as an appropriate gold standard. However, positive electromyographic or imaging findings would not necessarily be expected with referred pain from the cervical somatic tissues (i.e., disks, ligaments, facet joints, muscles), which could occur with or without direct irritation of a cervical nerve root (radiculopathy). Therefore, these studies are relevant only to screening for cervical radiculopathy and not for any referred pain emanating from the cervical spine. The findings of these studies are summarized in Table 10-1. Of particular relevance to a screening examination are the sensitivity and specificity of these tests. For screening purposes, tests with high sensitivity are most valuable because a highly sensitive test is least likely to miss a positive case (i.e., a low rate of false negatives) and is therefore useful for “ruling out.” In contrast, tests with high specificity are useful for “ruling in” a specific condition, which is not the goal of a screening examination. Based on the available data, the ULTT is the most valuable screening test because of its high sensitivity. Although other tests may be useful in diagnosing radiculopathy, they are less useful as screening tests because of their generally low sensitivity. However, given generally acceptable specificity, when they are positive, patients should be examined in greater detail for a probable cervical spine-related problem.

Table 10-1 Sensitivity and Specificity of Special Tests to Detect Cervical Radiculopathy*

[image: images]

EMG/NCS: electromyography/nerve conduction study.

* Downloadable form available at ExpertConsult.com.


Joint Scan

Having tested the cervical spine, the joint scan is designed to quickly ascertain whether the shoulder or elbow joints may be a source of symptoms. The idea here is to take the glenohumeral and elbow joints through full passive motion and then apply overpressure. If no symptoms are produced, this is reasonable evidence that these joints are not the source of symptoms. For glenohumeral testing, the scapula must be blocked from gliding or rotating superiorly, so the stress is focused on the glenohumeral joint (Fig. 10-8). Full elbow flexion and extension are combined with pronation and supination.
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Figure 10-8 Passive stress to the glenohumeral joint is accomplished by blocking upward scapular motion with one hand while passively elevating the arm.




Myotome Scan

During the myotome scan (Fig. 10-9), muscles that correspond to particular spinal segments are tested for the presence of weakness, as listed in the form in Figure 10-1. The patient should be instructed to “hold, don’t let me move you” while the examiner slowly increases the applied force in a controlled fashion. Because the primary goal here is to detect weakness associated with neurologic compromise, strength should be judged normal or diminished relative to the uninvolved side. If both sides are symptomatic, the examiner must use judgment based on past experience. The results of manual muscle testing must be interpreted cautiously because the reliability of these tests is generally poor to moderate.3 If the strength of the muscle is questionable, some type of instrument should be used to document muscle performance more precisely. Resistance that is initially strong but then is easily broken because of pain does not represent neurologic compromise but more likely some irritation of the muscle–tendon unit itself. Painless weakness is most suggestive of neurologic compromise or a complete tear within the muscle-tendon unit.
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Figure 10-9 Myotome scan. A, Shoulder shrug (C2–4). B, Shoulder abduction (C5). C, Elbow flexion (C5–6). D, Elbow extension (C7). E, Wrist extension (C6). F, Wrist flexion (C7). G, Thumb abduction (C8). H, Finger abduction. I, Finger adduction (T1).




Sensory Scan

During the sensory scan (Fig. 10-10), dermatomes that correspond to particular spinal segments are tested for the presence of diminished sensitivity to light touch as listed in the form. A cotton ball or a brush of the examiner’s fingertip may be used bilaterally while the patient is asked “Do these feel the same or different?” If the patient responds “different,” the examiner asks “more or less?” The examiner should be careful not to lead the patient by saying something like “Does this feel less here?”
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Figure 10-10 Sensory scan shown for C5 dermatome using a cotton ball.




Palpation

If the history suggests the possibility of peripheral nerve entrapment, the more common sites of entrapment may be palpated in an effort to reproduce the symptoms (Fig. 10-11). These sites include the brachial plexus in the supraclavicular fossa, the posterior interosseous nerve in the radial tunnel as it pierces the supinator muscle, the ulnar nerve in the cubital tunnel, and the median nerve in the carpal tunnel.
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Figure 10-11 Palpation of common entrapment points. A, Brachial plexus. B, Radial tunnel. C, Cubital tunnel. D, Carpal tunnel.




Deep Tendon Reflexes

Reflex testing (Fig. 10-12) may be helpful in determining if there is neurologic compromise; however, hyporeflexia is rather common, so care must be taken to compare reflexes bilaterally.1,10 Hyporeflexia represents lower motor neuron compromise, which may be at the nerve root, spinal nerve, or at a more distal level. If hyper-reflexia is observed, upper motor neuron compromise is suggested, such as might occur with spinal stenosis in the cervical region.
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Figure 10-12 Deep tendon reflex testing. A, Biceps (C5). B, Brachioradialis (C6). C, Triceps (C7).




Summary

The upper quarter screening examination is designed to provide a quick (5–10 minute) method of (1) determining the region(s) that should be examined in greater detail and (2) ruling out serious neurologic deficits. The screen is most useful in patients whose history suggests the possibility of cervical spine involvement, referred pain, or those for whom the source of symptoms is unclear.
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To view a companion video on this topic, please access ExpertConsult.com.
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CRITICAL POINTS

▪ Accurate sensibility tests are useful for early recognition of peripheral nerve problems and allow early intervention and monitoring.

▪ Screening of touch threshold perception according to the zones and areas of peripheral nerve innervations and illustrating the results using a color-coded hand map is possible using Semmes–Weinstein-style monofilaments.

▪ Other sensibility tests, such as those for two-point discrimination, may add to the overall assessment of patient status.

▪ Assessments of sensory and motor nerve conduction velocity along with sensibility tests form a crucial basis for treatment decisions in patients with peripheral nerve problems.



Neurophysiologists are interested in “normal” sensory function.1-6 Clinicians are interested in accurately assessing abnormal sensibility and detection thresholds.7-12 The examiner of sensibility must determine how a client’s performance on the spectrum of sensibility tests compares with a normal baseline and, if abnormal, be able to quantify the degree of change in measurable increments. In this chapter, abnormal results for sensibility measured by clinicians via various tests are referenced against normal values so that degrees of loss can be accurately assessed and monitored.


Test Instrument Considerations

Sensibility measurement instruments must have instrument integrity before test results can be considered valid in clinical studies.8,13-16 Instrument accuracy can only be as good as the quality of stimulus input the instrument provides. For example, a sensibility test instrument that is not repeatable in force of application lacks the needed accuracy, does little to clarify, and can actually be misleading in results.

In any given skin area of 10 mm2 there are more than 3000 sensory end organs.3 Sensibility tests are intended to measure the physiologic function of the peripheral nerves by assessing response of their respective end-organ mechanoreceptors in the skin. All force and pressure tests used to excite sensory mechanoreceptor nerve endings in the skin (which respond to stretch or deformation) should be in repeatable force or pressure units defined by the National Institute of Standards and Technology (NIST).


Pathomechanics and Degrees of Injury

The examiner of sensibility should be aware of the normal patterns of sensory nerve innervation in the hand and upper extremity as well as the typical sensory signs and symptoms that result from different levels of lesions along nerve pathways17-20 (Figs. 11-1 and 11-2). The prognosis for recovery of function of the sensory nerves depends on which nerve structures are involved, and their degree of damage (axons, endoneurium, perineurium, or epineurium). Modes of nerve injury are mechanical, thermal, chemical, or ischemic. Swelling and inflammation can exacerbate internal and external nerve compression and compromise vital nutrition to nerve axons, particularly where the nerves must pass through tight structures. Direct injury can result in a nerve lesion in continuity (axonal conduction disruption) or in complete transection.21,22
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Figure 11-1 Cutaneous dermatomes of the upper extremity.
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Figure 11-2 Nerves of the brachial plexus. (Netter illustration from www.netterimages.com. © Elsevier Inc. All rights reserved.)



Observation and interview before testing may help to identify apprehensive patients, those with exaggerated symptoms, and those whose intention is secondary gain from an injury. Often, patients provide clues as to their condition by how they hold their arms, sign papers, manipulate objects, and present themselves. If patients have a history of symptoms suggestive of peripheral nerve involvement, but test within normal limits, the examiner may use certain provocative positions, or otherwise stress the nerve in question in order to provoke symptoms that can then be measured. Stress testing can be static (e.g., sustained wrist flexion or extension at end range for 1 minute), or dynamic (e.g., putty squeezed for 5 minutes, or provocative work and activity), with sensibility measurement before and after stress.15,21,23-25


Nerve Conduction Velocity: A Companion Assessment

The objective of nerve conduction velocity (NCV) assessment is to determine the speed of neural conduction and, if slowed or abnormal, to determine whether more than one nerve or site is involved.25-27 NCV does not determine if and how much a patient can and cannot actually “feel.” In order to determine a subject’s touch threshold detection and discrimination, tests of sensibility need to be done along with NCV.28,29 It is important for clinicians to understand how NCV test results fit in with sensibility test results to enable an overall interpretation of peripheral nerve status.

A common peripheral nerve condition in the upper extremity is median nerve compression at the level of the wrist, thus the median nerve is frequently initially targeted for NCV testing when numbness or tingling occur in a patient’s fingers. But the astute clinician is aware that other peripheral nerves can be involved and more than one level of involvement, referred to as a “double-crush” syndrome. Furthermore, there can be, and frequently is, bilateral involvement. Patients can have nerve lesions in continuity at all segments of upper extremity nerves, including brachial plexus and thoracic outlet.30-32 Sensory involvement usually precedes motor. Hunter and others maintain that high-level traction neuropathies commonly result from high-speed vehicular trauma, falls on the outstretched arm, repetitive assembly work (lateral abduction or overhead lifting), overuse (when heavy work exceeds physical capacity), and poor posture.18,33,34 NCV testing from the neck to the fingers bilaterally is recommended when the initial history and physical do not readily suggest the level, type, and degree of involvement. Although valuable, NCV testing is known to vary according to the time of day, temperature of the extremity, size of the electrodes, placement of the electrodes, and instrument. In skilled hands using correctly calibrated machines, NCV testing can be accurate and repeatable.26,33 Results of NCV and sensibility tests do loosely correlate but do not always directly correlate as evidence of peripheral nerve involvement.14,27 “Slowing” of sensory NCV, or abnormal amplitude, along with abnormal sensibility testing, help confirm abnormal nerve function.

When NCV examination results show a “slowed” nerve conduction response, and light touch threshold tests such as the Semmes–Weinstein monofilament test demonstrate results that are “within normal limits,” the clinician can assume that there is not yet a detectable change in sensory threshold detection. NCV can be reported as “absent,” while the heaviest monofilaments, or a pinprick, can still be detected in some instances, signaling the nerve does have residual viable function that could potentially improve if treated. These differences in the test results do not mean that one is more sensitive or objective, but that they are different tests and measurements of neural physiologic function.7,35 See Chapter 15 for a detailed discussion of nerve conduction studies.


Hierarchy and Categories of Sensibility Tests

Five hierarchal levels of sensibility testing have been described by Fess15 and LaMotte.2 They include the following: autonomic/sympathetic response, detection of touch, touch discrimination, quantification, and identification.

Callahan15 divides sensibility tests into four categories: threshold tests, functional tests, objective tests and provocative or stress tests. Selected tests from these categories are discussed in the following sections. For another perspective and more details, the reader is referred to Callahan’s archived chapter on sensibility assessment on the companion Web site of this text.


Touch–Pressure Threshold Testing (Semmes–Weinstein-Style Monofilaments)

Touch–pressure threshold testing involves the use of nylon monofilaments of standard length and increasing diameters that provide controlled gradients of force to the mechanoreceptors in the skin to determine light-touch to deep-pressure detection thresholds (Fig. 11-3). The advantage of monofilament testing is that it provides clear, quantified, and repeatable information about the patient’s detection of touch. The pattern of sensibility loss reflected by the monofilament testing helps to identify pathology.
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Figure 11-3 Semmes–Weinstein-style monofilaments: Hand/body screen monofilament set (5 of 20 available in full set). Critical monofilaments for monitoring in the reduced set needed for most evaluations—marking numbers 2.83, 3.61, 4.31, 4.56, and 6.65.



It is important to note any changes in touch–pressure detection thresholds with repeated testing, but this requires the clinician’s interpretation to guide the course of further treatment. Improvement in light-touch to deep-pressure thresholds may be seen even in chronic conditions, episodes of worsening may occur, and the course of recovery following nerve release or suture can be predictable or complicated by scar and fibrosis. All of these occurrences can be reflected with repeat testing of touch–pressure thresholds.

The monofilament form of testing is used in patients with neuropathies, entrapment or compression syndromes, lacerations, and other abnormalities, including patients with diabetes.36-38 The test can reveal sensibility losses in patients with Hansen’s disease (HD), in which early changes are often superficial, and with worsening of the disease process, changes can mimic other peripheral nerve lesions or compression. Early testing in this situation can lead to prevention, reversal, or improvement of neural damage with timely use of steroids and other anti-inflammatory medications.39-41

Monofilament testing is easy to perform yet profound in the information it provides. Results are understood by the examiner, physician, insurance provider, health care gatekeeper, the patient, and others involved in treatment and employment. The versatile monofilament form of testing can be used in a 10-minute screen or for a full map showing clearly and completely in detail the area and degree of abnormality. Screening examinations are used to evaluate the autonomous areas of cutaneous innervation of the median, ulnar, or radial nerves or other sites of potential or suggested involvement.

Monofilament test results are mapped to identify the area and degree of abnormality, and repeat testing reflects changes over time. For normative studies, it is critical to include a lighter, above-threshold monofilament from the set of 20 so the study includes above-threshold sensitivities. Szabo7,42 and others use all of the lighter monofilaments in the within-normal-limits functional level, along with the hand screen monofilament sizes when testing patients with possible compression or entrapment, considering it important to use the most sensitive possible. This is an accepted variation of the test when time allows, which adds additional data to the hand screen. See studies by Szabo,43 Gelberman,44 and Lundborg45 for their protocols.

Examiners sometime include additional monofilaments in the heavy range with the hand screen monofilaments. The 5.07, 10-g level monofilament is most frequently added, specifically for testing of the diabetic foot for measuring gross protective sensation of the plantar surface.46,47 Some prefer 4.56, 4-g level monofilament (already included in the hand screen kit) for screening protective sensation of the foot.7,13

It is important to consider that the patient’s activities immediately prior to testing can influence the testing results. For example, if the patient has had a relatively stress-free morning, after sleeping late, having a good breakfast, and a more quietly paced and lighter-duty work schedule than is normal routine, the results of testing may be better than after heavy-duty work of a few hours’ duration. Hunter terms this condition transient stress neuropathy and recommends monofilament testing after activities and positions that reproduce their symptoms.33


Sensitivity

Monofilament testing can detect abnormal sensory threshold responses all over the body, even on the face, where sensitivities exceed that of the hand, and on the plantar contact area of the foot, where slightly heavier detection thresholds allow for callus.7,48,49 The force range of the monofilaments in available diameter sizes is 4.5 mg, for the lightest, to over 300 g for the heaviest. Semmes and Weinstein50 and Weinstein51,52 found that within normal subjects, differences can be found between men and women, the left- and right-handed, and among age groups. For most clinical testing, however, it is not as important to use the very lightest above-threshold monofilaments as it is to determine if the patient is normal or not. The 2.83 marking number (50-mg level monofilament) is then the most important of the monofilaments available. It is the last of the lightest monofilaments falling within normal limits for screening of men and women and right and left hands.50-53

Nylon monofilament force of application was examined by Bell-Krotoski and Buford at the Paul W. Brand Research Laboratory.7,13,54-56 Nylon material was obtained, tested, and used for sets researched and produced at the former Gillis W. Long Hansen’s Disease Center (GWLHDC), Carville, Louisiana, in 1989. All sets were made to Weinstein’s original specifications for diameter size and length of 38 mm. Bell-Krotoski provided these original specifications for sets first produced by North Coast Medical (NCM). Both the GWLHDC sets and NCM sets were then used in a normative study by six examiners who tested 131 subjects (262 hands, 520 tests; 182 feet, total 364 tests).48 In this study, which used the standard protocol detailed in this chapter and included all of the lighter monofilaments, the 2.83 (marking number) 50-mg level monofilament was confirmed as the optimal size for within-normal-limits screening for males and females, right and left hands, and all over the body, except the plantar contact area of the foot where the 3.61 (marking number) 200-mg level was found to be a better predictor of normal57 (Fig. 11-4, online).
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Figure 11-4 Threshold detection for normal monofilament 2.83 marking number, 50-mg level.



A normal person is not expected to detect the 2.83, 50-mg level monofilament 100% of the time, but a normal person can detect this level of monofilament force of application most of the times it is applied. The correlation of monofilament sizes with functional levels of detection was developed by von Prince and Butler, Werner and Omer, and as used today by Bell (Bell Krotoski).7,58,59 Those who detect a 3.61-size monofilament (but not lighter) also have difficulty in discerning textures and symbols drawn on the fingertips (“diminished light touch”) (Table 11-1).

Table 11-1 Interpretation Scale for Monofilaments
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*Minikit monofilaments are in bold. Descriptive levels based on other scales of interpretation and collapse of data from 200 patient tests.

Force data, used with permission, from Semmes J, Weinstein S: Somatosensory Changes After Penetrating Brain Wounds in Man, Cambridge, Mass.: Harvard University Press, 1960.

In repeated measurements over time using standard specifications for this size monofilament (7 mil diameter, and 38-mm length) the 3.61 monofilament size was found to measure a more sensitive 200-mg level, not actually reaching the 400-mg level shown in Weinstein’s original calculated forces13,57,60-62 (Table 11-2). Both 200- and 400-mg forces fall in the diminished-light-touch functional level of detection. It is important that manufacturers of the monofilaments appreciate the fact that if the length or diameter of a monofilament is changed from that used in the normative and clinical studies according to Weinstein’s original specifications, these studies no longer apply for interpretation of test results with the changed monofilaments for accuracy and reliability. It is recommended that the force of application for each monofilament should remain that of the original design with the standard 38-mm length and specified diameters.13,63

Table 11-2 Monofilament Marking Numbers, Force Comparisons, and Diameters
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One tester, seven complete testing kits.

The range of forces for all filaments can be read as the mean plus or minus the SD value. Note in offset the comparison of means of filaments in the minikits and minikit filaments tested in the long kits.

ASD, average standard deviation; B-TMMAF, Bell-Tomancik measured mean application force; CF, calculated force based on buckling equation; LMF, Levin Pearsall, and Ruderman measured force; MN, marking number derived from log scale; S-WF, Semmes–Weinstein force.

Reprinted, with permission, from Table V, Bell JA, Tomancik E. Repeatability of testing with Semmes–Weinstein monofilaments. J Hand Surg. 1987;12A:155.

Touch–pressure detection thresholds increase to gram levels with more severe degrees of nerve loss.63-65 Hand screening determines magnitude of response in established functional sensibility levels, beginning with within-normal limits and progressing to diminished light touch, “diminished protective sensation,” “loss of protective sensation,” “deep pressure sensation,” or unresponsive.


Instrument Integrity

The monofilaments clearly have been shown to be accurate and their results repeatable if the instrument is calibrated correctly.65 The monofilaments bend when the predetermined threshold for that size is applied to the patient and cannot go beyond if applied correctly.13 The elastic properties of the nylon monofilament material provides the instrument with the unique ability to dampen the vibration of the examiner’s hand that occurs with hand-applied devices that do not control for this vibration.63 In extensive materials testing, characteristics of the nylon used to manufacture the monofilaments was found to be important.35 Additives during manufacture can change nylon’s physical properties, that is, the force of application. Nylon fishing line is beginning to be used by some manufacturers of the filaments, but it is extruded on rolls instead of in straight lengths. Any rolled nylon when extruded does not hold repeatable calibration, even if artificially heat-straightened and, thus, cannot be recommended. Clinicians should recognize and replace any nylon monofilament that is bent and stays bent.

Straight-length, extruded nylon holds calibration, even if curved slightly, until damaged, because nylon has an indefinite shelf life.57 The elasticity of straight-length nylon monofilament and its bending and recovery at a specific force means the force it can apply is limited and controlled, thus the monofilament form of testing with pure straight nylon is force-controlled.

Some of the monofilaments in the full set of 20 have been found to be so close in force of application that they occasionally overlap and represent the same force62 (see Table 11-2). Those examiners concerned with losing test sensitivity because they are not using all 20 monofilaments need to consider that sensitivity is better using the hand screen set where the forces never overlap, rather than the full set, where some overlap is possible.

Sidney Weinstein and his physicist son Curt Weinstein developed the Weinstein Enhanced Sensory Test (WEST) following review and discussion with Bell Krotoski and Fess regarding abnormal functional levels, and the Hand Screen set.57,66 The Weinsteins improved on Bell Krotoski’s “pocket filament” prototype of the Hand Screen monofilaments in one handle, by rounding monofilament tips, and designing a less fragile handle35,57,66 (Fig. 11-5). The Weinsteins certify the WEST monofilament force of application, and do slightly adjust the lengths toward Weinstein’s original calculated forces. The WEST monofilament set is recommended for research (available through Connecticut Bioinstruments, Connecticut) but the difference in stimulus needs to be considered when attempting to compare the WEST with threshold and functional scales of interpretation developed from Weinstein’s standard style monofilaments. The tip geometry has changed, and force of application differs slightly from standard sets used. Although the instruments are very close in stimuli, additional clinical testing is needed to determine how the WEST compares with the original standard monofilament design in test stimuli and if the interpretation scales are applicable for the WEST.
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Figure 11-5 Weinstein Enhanced Sensory Test (WEST). Hand screen/body screening monofilaments in one handle, and rounded application tips.



Instrument handle variations may not affect the specified monofilament force of application if the nylon is maintained at a 90-degree angle to the handle, and force of the monofilament applied to the skin is correct and at a distance from the examiner’s hand. These two criticisms of Semmes–Weinstein-style monofilaments have been addressed in a new handle design: the examiner’s difficulty in seeing the tip of the lightest monofilaments on application, and the monofilaments’ breaking at the point it leaves the handle. The new handle design extends over the monofilament where it exits from the handle and includes a light to illuminate the skin being tested, while keeping the 90-degree orientation of the monofilament to the rod handle. This new handle design prevents the monofilament from being sheared off by a neighboring monofilament, from being laid down upon itself, and from damage when inadvertently dropped55 (available at timelyneuropathytesting.com) (Fig. 11-6).
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Figure 11-6 BK CLEAR Lighted Monofilaments. Bell-Krotoski JA. Device for evaluating cutaneous sensory detection, notice of publication of application, United States Patent and Trademark Office, US-2009-0105606-A1, 2009.




Calibration

If made of pure nylon, and the diameter size and length are correct, the standard Semmes–Weinstein-style monofilament instrument stimulus has been found to be repeatable within a small specified standard deviation.13,65 The monofilament length can be checked to be 38 mm with a millimeter ruler. Diameters can be checked with a micrometer. Because the monofilaments are not always perfectly round, diameters are taken three times and averaged. (See diameters in Table 11-2).

Clinicians either need to request actual monofilament calibration measurements on test sets they use or measure their sets to confirm calibration. Monofilaments are applied 10 times and averaged for application force measurement. Nevertheless, it is most accurate to use the same set for retesting.57 It is not enough just to state in studies that a calibrated instrument was used, or say sets used are made to specifications based on a published calculated table of application force.50

A known problem in measurement of monofilament application force is the use of top-loading balance scales in an attempt to measure monofilament force of application. For most who attempt monofilament calibration, these scales are inaccurate in measuring the monofilament “dynamic” force of application because the instruments are intended for measuring static weight, and depend on an internal spring mechanism that works against the elasticity of the nylon.13

Bell and Buford specifically engineered an instrument measurement system to be sensitive enough to measure dynamic force application and range of the monofilaments, in addition to any other hand-held sensory testing instruments (Fig. 11-7). The signature of a monofilament repeatedly applied was accurately displayed in real time on an oscilloscope, measured, and examined for spikes in force, vibration of the tester’s hand, or subthreshold application.13,65 The lightest monofilaments were applied to a calibrated strain gauge accurate to less than 1 g. If applied too quickly (less than 1.5 seconds) and “bounced” against the skin, the monofilament force of application will spike, overshoot, and exceed intended force of application, thus technique of application is important.65 A spectrum analyzer (not shown) was used in the measurement system to detect the force frequency of application. Frequency signal outputs from the lightest to the heaviest monofilament were detected throughout the available frequency spectrum, negating claims that the monofilaments only test low- or high-frequency (slowly or quickly adapting) end-organ response.13,63
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Figure 11-7 A, Oscilloscope screen showing force on repeated application of the 2.83 (marking number) within normal limits Semmes–Weinstein monofilament (250 mg/division). The instrument application force is highly repeatable within a very small range if the lengths and diameters of the monofilaments are correct. B, Sensory Instrument Measurement System used to measure any hand-held instrument “dynamic” force of application.



In recent years, mechanical engineer researchers James Foto and Dave Giurintano have reproduced the earlier strain-gauge transducer design and engineered the force output to be read directly on a computer. This system, like the original, can measure any hand-held sensibility testing device, but allows former analog measurements to be digital in real time. Computer calculations of force of application and standard deviation help eliminate potential examiner error in calculations of average force (developed in Labview scientific program, National Instruments, Austin, Texas). A still more recent development adds a motorized attachment to apply the monofilament to the measurement system (Fig. 11-8). All variations in hand-held application are thus eliminated for measurement. Foto and Giurintano initiated this automation in a project between Louisiana State University and the Paul W. Brand Research Laboratory, National Hansen’s Disease, Programs (NHDP) now in Baton Rouge, Louisiana.
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Figure 11-8 Automated application to Sensory Instrument Measurement System for elimination of any hand-held variable in force measurement.




Clinical Validity

Three applications of the lightest monofilaments are used in clinical testing even though the patient usually responds to the first application. It was found in instrument testing that one touch of these extremely light monofilaments may not reach the required threshold, but one out of three always reaches intended threshold.13,66,68 Clinical studies and papers that require two out of three, three out of five, or one out of five, and so forth for a correct response are incorrect, as this is not the test protocol used in normative studies and clinical studies for functional levels (which requires one correct response out of three trials).50,52,57,61

When calibrated and applied correctly, the monofilaments are a valid test for determining sensibility detection thresholds. Studies have clearly demonstrated their ability to accurately detect intended clinical conditions.15,21,27,44,69 Used in standard consistent protocols, the monofilament test is able to compare patient data in individual and multicenter studies and is providing information regarding peripheral nerve changes with treatment not previously available with less sensitive and uncontrolled instruments.9,40,41,70 When calibrated correctly, it is one of the few, if not the only, sensibility measurement instrument that approaches requirements for an objective test.


Comparison with Other Tests of Sensibility

Weinstein found that the normal detection threshold for touch pressure does not vary widely over the entire body.51 The relative consistency is what makes light-touch/deep-pressure threshold mapping of the cutaneous innervation of the peripheral nervous system possible. This is in contrast to point localization and two-point discrimination thresholds.

Depending on the question, one may need more than one test of sensibility to obtain an adequate picture of neural abnormality. The monofilaments do not measure end-organ innervation density. Once monofilament threshold is screened or mapped to establish areas of abnormality, other tests such as two-point discrimination and point localization can be focused in abnormal areas to help further qualify and quantify abnormal sensibility as to innervation density and localization of touch.

It is known that monofilament testing can sometimes reveal peripheral nerve compression before conventional two-point discrimination tests and reveal return of innervation long before two-point discrimination is measurable at the fingertips.57 Authors and clinicians have traditionally championed one or more methods of sensibility testing, and clinicians should understand that to determine the relative control and validity of another instrument versus the monofilaments, a comparison study requires a valid protocol with direct comparison of instrument stimulus and results, not just opinion.

The first sign of nerve return after laceration and repair is not the heaviest monofilament but a positive Tinel’s test distal to the site of repair.71 A positive Tinel’s test—in which there is perception of shocking and shooting electrical sensations—is a valuable, albeit subjective, indicator of returning nerve physiologic response after laceration concurrent with or before the heaviest touch–pressure threshold can be measured. Since peripheral nerve return occurs from proximal to distal, Tinel’s test, like the monofilament test, shows improvement proximally to distally over time.


Background Needed for Understanding

Von Frey72 was the inventor of the monofilament form of testing using horsehairs only capable of producing light thresholds. Weinstein first invented the 20 nylon monofilaments, added heavier levels of detection, and did normative studies.50 The range of forces of the monofilaments occur simply from available diameter sizes of nylon. In studies, they cannot be treated as occurring at equal mathematical increments as some researchers have done. Today the monofilament log numbers are primarily used as marking numbers for ordering and specifying diameter size35,63-65 (see Table 11-1).

Von Prince58 was greatly influenced by Moberg’s emphasis on sensibility and hand function.73 She began investigating the residual function of patients who had sustained a variety of peripheral nerve injuries from war wounds. She observed that of two patients who could not tell a difference in testing between one and two points, one could feel a match that would burn his finger, and the other could not. She thus described the all important “level of protective sensation” that was not being measured by the Weber74 two-point discrimination test frequently used in practice. She also noticed that of two patients who responded to a pinprick, one would have the ability to discriminate textures and one would not. Thus she first described a “level of light touch sensation” that could be equated with the patient’s ability to discriminate textures. As she searched for tests that would be able to discern these differences in patients, she found the answer in Weinstein’s monofilament test. Von Prince published her findings but was transferred overseas before fully completing her investigation. Omer realized the value of the monofilament test and insisted it be continued by Werner.59

James M. Hunter, originator of the Hand Rehabilitation Center, Ltd., in Philadelphia, realized the value of monofilament testing in producing information on patient neural status that was not forthcoming from other examinations. He insisted on this form of testing for his patients, many of whom came to him with previously longstanding unresolved peripheral nerve problems. But the test originally took 2 hours when included with other sensory tests and was confounded by inconsistent coding and the inclusion of other tests for interpretation.

Working with Hunter in 1976, Bell (later Bell-Krotoski) made changes to the test to make consistent peripheral nerve mappings and eliminate variables. Changes included (1) a constant scale of interpretation for the entire upper extremity rather than the interpretation scale changed for thumb, fingers, and palm, (2) eliminating two-point discrimination as a requirement for light touch, (3) eliminating point localization as a requirement for a “yes” response,” and (4) adding consistent colors from cool to warm for quick recognition of increase in force required for detection of touch–pressure. Results of mappings serially compared for changes in neural status could then be easily recognized in seconds numerically and visually for extent and severity of peripheral nerve abnormality. The mappings were found to predict the rate of neural return or diminution, as well as of the quality of neural return or severity of diminution (Figs. 11-9 to 11-11).
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Figure 11-9 A, Monofilament mapping showing a median nerve compression as measured in a woman with a history of numbness for 2 years and no corrective intervention. B, Same patient as measured 4 months later. Touch–pressure recognition has become worse from diminished light touch to untestable with monofilaments in fingertips.
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Figure 11-10 A, Monofilament mapping showing a median nerve laceration before surgery. Two-point untestable. B, Same patient 3 months after surgery. Two-point untestable. C, Same patient 7 months after surgery. Two-point untestable, fingertips now testable with monofilaments.
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Figure 11-11 A, Two years after incomplete amputation of right thumb. Digital nerves were not resutured. Small centimeter pedicle of dorsal skin was intact. B, Same patient after injection of lidocaine around median nerve to determine whether innervation was radial nerve or median. Notice that although the volar thumb sensation was downgraded, it and the palmar area of the median nerve did not become asensory. This finding brings into question the blocking of the contralateral nerve in testing. Such blocks may be incomplete and lead to false conclusions.



After 2 years of testing with the revised test in a battery of other sensibility tests, it was found that not all of the monofilaments were needed to obtain results in functional levels of sensibility7 (Fig. 11-12). This work was based on over 200 tests of patients with nerve compressions and lacerations at the Hand Rehabilitation Center, Ltd, Philadelphia, PA. The interpretation scale and test protocol were later used in still other studies, becoming the standard in monofilament testing.7
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Figure 11-12 Comparison of monofilament touch–pressure detection testing with other sensibility tests.



At the time this work was published in the first edition of this text, the scale of interpretation was found to largely agree with threshold studies of von Prince and colleagues, and that of Omer and Werner in levels of “functional discrimination and recognition.” These independent works are significant in their similar agreement corroborating the relative relationship of monofilament threshold detection with functional discrimination. The hand screen monofilaments evolved from the standard scale of interpretation by selecting the heaviest monofilament falling within normal limits, and one monofilament corresponding with each functional discrimination level.7


Test Protocol


Quiet Room

All sensibility testing is best performed in a quiet room that has good light and normal room temperature. A quiet testing area is mandatory. The hand/extremity being tested is extended by the patient and comfortably relaxed resting on a rolled towel. A folder or screen is used to block the patient’s line of vision from the site tested. (Theraputty as an anchor and blindfolds are not recommended.)


History

A thorough patient history helps focus testing where most needed. Unless a higher lesion is suggested, it is often necessary to examine only the hands with the monofilaments, although it is possible to test the entire body when indicated.


Reference Area

Using the 2.83 monofilament it is important to establish a reference area that is within normal limits that the patient always responds to. This can be done while demonstrating the monofilaments and reassuring the patient that they do not hurt. An area more proximal on the extremity or alternate extremity usually suffices, but the back, or face, can also be used. This reference area helps the clinician to eliminate guessing and ensure attention. If the patient does not respond in a test area, then the reference area is revisited in order to ensure there is still a response in the reference area used as a control. Then the test area can be rechecked to confirm that what the patient does not detect in the test area can be detected in the reference area.


Consistent Colors

On the hand map, colors from cool to warm are used to document the monofilament level detected for each area tested. Each color corresponds with force of application detected and its corresponding functional sensibility level.


Application

Monofilament testing begins with filaments in the normal threshold level and progresses to filaments of increasing force/pressure until the patient can identify touch. The filaments 1.65 to 4.08 are applied three times to the same test spot, with one response out of three considered an affirmative response.

All the filaments are applied in a perpendicular fashion to the skin surface in 1 to 1.5 seconds, continued in pressure in 1 to 1.5 seconds, and lifted in 1 to 1.5 seconds. The filaments 1.65 to 6.45 should bend to exert the specific pressure. The 6.65 filament is relatively stiff and found most repeatable if applied just to bending.

On initial patient testing, the patient’s baseline detection level is established. On subsequent testing, the previous test serves as a comparison to establish the direction of change and improvement or worsening, if any. It is most accurate for the same examiner to repeat successive evaluation, if possible. But if instrument specification, protocol, and technique are kept standard, testing can be repeatable among examiners, whether in Japan or California. Testing by other examiners is often used in a double-blind design for studies.


Hand Screen

A hand screen examination facilitates more frequent testing and monitoring of patients over time with treatment. The hand screen monofilament sizes include normal, 2.83 (marking number) 50-mg level; diminished light touch, 3.61 (marking number) 200-mg level; diminished protective sensation 4.31 (marking number) 2-g level; and loss of protective sensation. Two filaments are included for the loss of protective sensation level, the lightest of these is 4.56 (marking number) 4-g level, important to define loss of protective sensation versus lighter diminished protective sensation, and the heaviest 6.65 (marking number) over 300-g level, needed for determining residual sensation or returning nerve function.

Test sites specific to the median nerve are the tip of the thumb, index, and proximal index. (The radial base of the palm is avoided to eliminate innervation from the recurrent branch of the median nerve.) Test sites specific to the ulnar nerve are the distal little finger, proximal phalanx, and ulnar base of the palm. The test site specific for the radial nerve is the dorsal aspect of the thumb webspace. These represent the minimum critical consistent data points for monitoring the peripheral nerves (Fig. 11-13A, B).
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Figure 11-13 A, Hand screen record. B, Peripheral nerve monitoring.



The test protocol for the hand screen (can also screen any area of the body) is the same as for mapping, except that fewer test sites are used. Usually monofilaments always used are the five most critical, although sets of six monofilaments are becoming available [including the 5.07 (marking number) 10-g level]. Predetermined, consistent sites are recorded for monofilament response for that site. Because there are limited test sites in a screen test versus a mapping, an examiner revisits a nonresponsive test site at least three times to ensure a monofilament is not detected at that site.


Mapping

Note and draw on a recording form any unusual appearances on the hands, including sweat patterns, blisters, dry or shiny skin, calluses, cuts, blanching of the skin, and so on.

1. Draw a probe across the area to be tested in a radial-to-ulnar and proximal-to-distal manner. Ask the patient to describe where and if his or her feeling changes. Do not ask for numbness because the patient’s interpretation of numbness varies. Draw the area described as “different” with an ink pen (Fig. 11-14). The examination is easier if the patient can identify the gross area of involvement as a reference; if the patient cannot, proceed the same way on testing but allow more testing time.

2. Establish an area of normal sensibility as a reference. Familiarize the patient with the filament to be used and demonstrate it in a proximal control reference area. Then, with the patient’s eyes occluded, apply the filament in the reference area until the patient can easily identify the 2.83 (marking number) 50-mg level monofilament. Test the involved hand (volar surface) by applying the same filament (2.83) to the fingertips first and working proximally. Dot the spots correctly identified with a green felt-tip pen. (Explain to the patient that one touch is a marking of the pen.) In general, the patient is tested distally to proximally, but a consistent pattern is not used to avoid patient anticipation of the area to be touched. When all the area on the volar surface of the hand that can be identified as within normal limits is marked in green, proceed to the dorsum of the hand and test in the same fashion. Because the sensibility on the dorsum of the hand is not always as well defined as the volar surface, it is easier to establish areas of decreased sensibility on the volar surface first. Now the gross areas of normal and decreased sensibility have been defined.

3. Return to the volar surface of the hand. Proceed to the filaments within the level of diminished light touch (see Tables 11-1 and 11-2, and color maps Figs. 11-9 to 11-11), but change the color of the marking pen for this level to blue. Test as discussed earlier in the unidentified areas remaining, working again first on the volar surface and then on the dorsum.

4. If areas remain unidentified, proceed to the filaments in the diminished protective sensation level (purple) and then loss of protective sensation level (red) and continue testing until all the areas have been identified.

5. Record the colors and filament numbers on the report form to produce a sensory mapping. (Color and mark hands on the form.) Note any variations and unusual responses, especially delayed responses. Delayed responses (more than 3 seconds) are considered abnormal and should be noted. Note the presence and direction of referred touch with arrows.


[image: images]

Figure 11-14 Peripheral nerve mapping.




Interpretation and Levels of Function

Within normal limits is the level of normal recognition of light touch and therefore deep pressure.64

Diminished light touch is diminished recognition of light touch. If a patient has diminished light touch, provided that the patient’s motor status and cognitive abilities are intact, he or she has fair use of the hand; graphesthesia and stereognosis are both close to normal and adaptable; he or she has good temperature appreciation and definitely has good protective sensation; he or she most often has fair to good two-point discrimination; and the patient may not even realize he or she has had a sensory loss.

Diminished protective sensation is diminished use of the hands, difficulty manipulating some objects, and a tendency to drop some objects; in addition, the patient may complain of weakness of the hand, but still have an appreciation of the pain and temperature that should help keep him or her from injury, and the patient has some manipulative skill. Sensory reeducation can begin at this level. It is possible for a patient to have a gross appreciation of two-point discrimination at this level (7–10 mm).

Loss of protective sensation is compromised use of the hand; a diminished, if not absent, temperature appreciation; an inability to manipulate objects outside line of vision; a tendency to be injured easily; and potential danger for the patient with sharp objects and around machinery. Instructions on protective care are needed to prevent injury.

Deep-pressure sensation is a rudimentary deep pressure detected with the heaviest monofilament. Patients describe this as a sensation of heavy weight, but without any other tactile discrimination. The patient still has deep pressure recognition, which does not make the affected area totally asensory. Instructions on protective care are critical to prevent injury.

Untestable is no response to monofilament threshold testing. A patient may or may not feel a pinprick but has no other discrimination of levels of feeling. If a patient feels a pinprick in an area otherwise untestable, it is important to note that some potential nerve response is still present. Instructions on protective care are critical to prevent the normally occurring problems associated with the asensory hand.

Further interpretation of the effect that a decrease or loss of sensibility has on patient function depends on the area and extent of loss and whether musculature is diminished. Light-touch/deep-pressure threshold measurements can be used to consider the need for treatment, changes in treatment, and the success of treatment.


Protective Sensation

Maintenance of protective sensation is a major goal for preventing injury from loss of sensory feedback. Patients with loss of protective sensation are injured easily and experience repetitive injuries, which can lead to lifelong psychological stress, as well as deformity and disability48,56,68,75,76 Certainly, when it comes to sensory abnormality and functional discrimination or recognition, whether or not protective sensation is present is a defining factor in patient treatment because it determines if the patient is still relatively safe with sharp or hot objects, or conversely, in danger of wounds and amputations from complications of burns and injuries that could be incurred through use of everyday objects.


Hand Screen Coding

A computer coding method was developed in 1984, for monitoring large numbers of HD patients in the United States and for overseas projects.61 This relatively simple method is available for coding patient peripheral nerve status. Data can be digitized for computer analysis by giving each filament a weighted score similar to muscle testing, where 5 = normal, 4 = fair, 3 = good, 2 = poor, and 1 = trace. In sensibility coding, green, 2.83 (marking number) = 5; blue, 3.61 (marking number) = 4; purple, 4.31 (marking number) = 3; red, 4.56 (marking number) = 2; red-orange, 6.65 (marking number) = 1; no response equals zero. Scores can be totaled for each nerve and overall. A normal hand then would have a score of 15 for the median nerve, 15 for the radial nerve, and 5 for the radial, for a total of 35 points.39 Computer entry and grading can be done in Microsoft Excel or Access programs to record and analyze hand screen site response.


Computerized Touch–Pressure Instruments

The optimally designed computerized instrument automatically applies and controls the stimulus with a built-in limit on how much force is applied.9,15,69,77,78 Computerized instruments reported to be accurate and sold for clinical testing of patients—just as hand-held instruments—need to have their forces of application measured and these measurements made available along with other instrument specifications.63

If the instrument still depends on a hand-held application of the stimulus, it is still subject to the same limitations of any hand-held instrument.13,79-81 Computer averaging of force stimuli can hide peaks of higher force and examiner hand vibration79,80,82 (Fig. 11-15).
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Figure 11-15 Variable force versus time application—significantly variable force which results from holding a probe from any hand-held instrument without force control.




Two-Point Discrimination


Application

Two-point discrimination is a classic test of sensibility used by hand surgeons over several decades.83-85 The test is believed by many to be a test of innervation density. Some think two-point discrimination a good predictor of patient function and manipulation. It does follow that once normal two-point discrimination has returned to the fingertips after nerve repair, the quality of sensibility is good. The test overall has yet to be related to the presence or absence of protective sensation.

At one time it was popular to use a paper clip to test two-point discrimination, but this is not recommended. The probe tips should be blunt, of the same geometry, and not so sharp that pain is elicited. Commonly available hand-held two-point discrimination test instruments range from the relatively light Disk-Criminator (P.O. Box 16392, Baltimore, Maryland),14 to a heavy Boley Gauge (Boley Gauge, Research Designs, Inc., Houston, Texas) (Fig. 11-16).
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Figure 11-16 Disk-Criminator. The weight of the instrument improves control on force of application but does not totally eliminate variable force from hand-held application.




Sensitivity

In addition to touch–pressure thresholds, Weinstein published a table for two-point discrimination thresholds all over the body (Fig. 11-17). The widely variable pattern for two-point discrimination does not correlate with touch detection threshold (0.17), but does correlate and is almost identical to that for localization of touch (0.92).51 With common scoring methods, two-point discrimination testing is most accurate at the fingertips. The clinician should know that studies have found subjects with entrapments and compressions in which two-point discrimination is normal, but monofilament and nerve conduction testing are abnormal.27,70
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Figure 11-17 Weinstein’s two-point discrimination body thresholds. (Reprinted, with permission, from Bell-Krotoski JA. Advances in sensibility evaluation. Hand Clin. 1991;7:534, Figure 11-3; and Weinstein S. Intensive and extensive aspects of tactile sensitivity as a function of body part, sex, and laterality. In: Kenshalo DR, ed. The Skin Senses. Springfield, Ill, Charles C Thomas. 1968; pp 195–222.)




Instrument Integrity

The known uncontrolled variable in two-point discrimination testing is the unspecified force at which all of the hand-held two-point discrimination instruments are applied. Unless the instruments are force-controlled for hand-held application, they are relatively incapable of producing repeatable application force. Different instruments vary in weight and configuration, and the test probes vary. For this reason the examiner should always use the same instrument for repeated testing.


Calibration

Many think the two-point discrimination test is objective and calibrated because it can be numerically adjusted to repeatable distances at its probe tips for measurement.63 Two-point discrimination may be a very good test if force-controlled, but most hand-held instruments do not provide the opportunity to produce consistent repeatable data13,63 (Fig. 11-18). Specifying the stimulus in pressure (pressure being force/unit area) is no more accurate than force calculation. The “moving” two-point discrimination test is more uncontrolled in force of application (or pressure) because of the varying topography of the finger as the test probes are moved across the joints and fingertip. Both “static” and moving forms of testing need limits on the force applied, or at a minimum to show that clinical results from testing are not different when applied with various force/pressures and instruments.
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Figure 11-18 Variable force from conventional two-point discrimination instruments. Six applications to Sensory Instrument Measurement System.



A prototype controlled two-point discrimination instrument has been designed using heavier monofilaments that hold their distance when on a sliding scale (available at timelyneuropathytesting.org; patent pending) (Fig. 11-19). This is a force-controlled two-point discrimination design which can apply 5 g, 10 g, or 30 g of force.
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Figure 11-19 Design for controlled monofilament two-point discrimination instrument, showing that force control design for two-point discrimination is possible and could potentially improve the test. (Bell-Krotoski JA: Device for evaluating cutaneous sensory detection, notice of publication of application, United States Patent and Trademark Office, US-2009-0105606-A1, 2009.)




Clinical Validity

Two-point discrimination testing has been clinically useful despite the lack of control of the application force. The potential for greater usefulness depends on the development of instruments that are designed with the force of application controlled.71,86


Background Needed for Understanding

Weber invented the two-point discrimination test.74 Moberg and others have advocated that the test is closely related to “tactile gnosis” and functional ability of the patient to use the hand for fine motor and skilled tasks.73,87 Dellon introduced the moving two-point discrimination test.83 His objective and rationale is that fingertip sensibility is highly dependent on motion.

Moberg agreed with the need for force control of two-point discrimination instruments after hearing a critique of the force-control weaknesses in two-point discrimination instruments, suggesting a design for a prototype instrument that would use 5- and 10-g weights.71,86


Test Protocol

Static Two-Point

Usually only the fingertips are assessed in static two-point discrimination testing, as norms vary widely farther up the extremity. The patient’s hand should be fully supported on a towel. The examiner should take care not to touch the patient’s hand with anything except the instrument, as touch by the examiner adds extraneous touch stimuli and may confuse the patient. A very light application of two versus one point of the instrument is used. Vision is occluded—usually by obscuring the line of vision with a folder rather than a blindfold. Results can be recorded on a hand screen form or hand drawing.

Testing begins with 5 mm of distance between the two points in a random sequence with one point applied in a longitudinal orientation to avoid overlapping the innervation zones of the digital nerves. The point of blanching has been suggested as a control for force of application, but this is problematic as blanching has been found to occur at different forces on different fingers and tissue areas, somewhat dependent on condition of the skin.13 Seven of 10 responses is necessary to be considered accurate. If there is no response or an inaccurate response, the distance between the ends is increased by increments of 1 mm, until 7 of 10 responses are accurate. Testing is stopped at 15 mm.


Interpretation

Normal two-point discrimination is considered less than 6 mm, fair is 6 to 10 mm, and poor is 11 to 15 mm (see guidelines of the American Society for Surgery of the Hand,7 and International Federation of Hand Surgery Societies).75,88


Dellon Moving Two Point

In the moving two-point discrimination test, testing is begun with an 8-mm distance between the two instrument tip points.83 The instrument is moved parallel to the long axis of the finger (testing ends side by side). Testing begins proximal to distal toward the fingertip. For a correct response, the patient has to respond accurately to 7 of 10 stimuli of one or two points, before the distance is narrowed for testing with a smaller distance. Testing is stopped at 2 mm, which is considered normal.


Interpretation

The moving two-point stimulus is more easily detected than the static two-point. Several authors have reported correlation between moving two-point discrimination and object recognition.11,83


Computerized Two-Point Discrimination Instruments

Dellon recommends the pressure-specified sensory device (PSSD) as optimal for two-point and moving two-point discrimination testing (PSSD, Post Office Box 16392, Baltimore, MD).79,80,89 For the specific testing technique for the PSSD, the reader is referred to literature available with the instrument.80,89 Dellon, based on two-point discrimination research with the PSSD, reports finding that clinical results can be quite different at various thresholds of pressure (force) of application.80,89 Other computerized force and pressure-controlled devices have been tried experimentally.69,90 Used for research, these may help determine optimum target thresholds for two-point discrimination testing.13,81,91-93


Point or Area Localization


Application

The objective of using a point localization test after nerve injury or repair is to determine the accuracy of localization of a touch stimulus and when inaccurate to determine and record the direction and distance in centimeters to another point, area, or finger to which the touch is referred. The regenerating peripheral nerve after laceration or suture does not always find and innervate the same mechanoreceptor end organs in the skin, and until a certain density of endings has returned, insufficient data is available for a patient to accurately determine localization. Localization generally improves over time as nerve healing and regeneration progresses, but localization also requires an integrated level of perception and cortical interpretation by the patient (Fig. 11-20).
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Figure 11-20 Mapping of touch localization.




Sensitivity

Weinstein tested normal subjects and published a table for localization of touch sensitivities all over the body. The variable pattern for localization in normal subjects is quite different from that found for touch detection threshold, but very similar to that found for two-point discrimination. The ability to localize in 48 normal adults was found to have a high correlation with two-point discrimination thresholds (0.92), but did not have high correlation with light-touch threshold (0.28).51


Instrument Integrity/Calibration

Types of test instruments used have varied from dowels, used by Werner and Omer, to monofilaments. The monofilaments do provide a repeatable force of application and therefore are recommended for a stimulus probe. Whatever instrument is used, it should be reported and used consistently for the same and subsequent patients in order to be the most meaningful.


Clinical Validity

Localization early after nerve repair is poor and generally improves with time and use of the affected part. Poor localization after nerve repair can seriously limit function. Localization may vary with the cognitive ability of a patient to adapt to new sensory pathways more than as a result of the actual level of return of the nerve and its response to touch stimuli.

Shortly after a lacerated nerve begins to show a Tinel’s94 sign distal to the suture line, a touch with a probe or heaviest monofilament may be detected by the patient (pressure recognition), but is not usually correctly localized. When asked, a patient may refer to another finger or area. Some patients never regain normal point localization, but most regain area localization.59 Few would contest that improvement in point localization is faster and better if the affected area is used for grasp and manipulation, and in the reverse, is slower, and of poor quality if not frequently used after repair.

Errors in localization can frequently be reduced in one treatment session with reeducation, indicating that the change is in part relearning, rather than a physiologic change in the nerve. The research of Rosen and Lundborg regarding the plasticity of the brain supports this concept.95


Comparison with Other Tests of Sensibility

Localization can easily be tested and recorded on a hand screen form after other sensibility tests such as monofilament testing to help further determine the quality of sensibility for patients who have had nerve lacerations.96 Localization should be tested separately and not used as a requirement with other tests of sensibility. This was once the procedure with monofilament testing but it confounded the results of testing and their interpretation.7,16

As the repair matures, that skin area initially reinnervated subsequently tends to improve toward lighter touch threshold detection. As touch–pressure recognition improves, the distance the touch is referred tends to lessen and can be recorded in millimeters.


Background Needed for Understanding

Werner and Omer described differences in both area and point localization, with area localization being the first to return. In area localization, after being touched, the patient responds by indicating the area that was touched. In point localization, the patient responds by covering the point touched with a wooden dowel within a centimeter.


Test Protocol

In a recommended test protocol by Callahan, the lightest Semmes–Weinstein monofilament perceived is used for testing localization over the involved area.15 A grid divided into zones is used for recording the results of this test on standard hand or arm recording forms.16,97 With the patient’s vision occluded, the monofilament is applied. Patients are instructed to open their eyes and point to the exact spot touched. If inaccurate, the distance from the correct spot is measured in millimeters. Arrows are drawn on the recording form from the correct stimulus point to the incorrect point indicated by the patient. If the stimulus is correctly localized, a dot is marked on the recording form. Nakada96 provides a method to more objectively document and score errors by using a 4.17 (marking number) Semmes–Weinstein monofilament and measuring errors in localization with a vernier caliper.


Vibration Testing

The objective of a test for vibration is to determine frequency response of mechanoreceptor end organs. Some neurologists believe that vibration as a separate sense does not exist, but is rather the perception of variable changes in stimuli.82 Dellon has advocated 30- and 256-Hz tuning forks for measuring patient response to vibration.63 However, the vibratory stimulus with the tuning forks is not controlled and the stimulus varies with the examiner’s technique and force of application.


Computerized Instruments

Szabo,98 and Gelberman,27 have investigated vibratory sensory testing with computerized instruments, but these are not sufficiently controlled in force of application and vibration to be recommend for clinical use. Horch developed a computerized instrument with control of applied force of its probe that has been used by Hardy and coworkers, and Lundborg has reported results with a force-controlled computerized instrument, but these are not yet commercially available9,69,90,99


Functional Tests


Application

Monofilament threshold detection levels can predict patient function and thus are a first-order functional assessment. Results of testing can help focus reeducation on what is realistic relative to the degree of physiologic nerve return.7,54,55,58,59,100 For example, light touch is necessary for the epicritic quality of sensibility. In addition, protective sensation, at a minimum, is especially important to prevent injury to hands during use. Instruction in protective techniques to prevent injury to the skin is needed until protective sensation has returned to the fingertips in the affected area. But touch–pressure threshold testing does not include measurement of secondary skill and adaptation.12,70 Human brains adapt very quickly after injury, and even without nerve return patients exhibit varying adaptations and use of extremities.


Sensitivity, Instrument Integrity, and Calibration

The classic Moberg pickup test87 is an observational object recognition test requiring motor participation and is most appropriate for median or combined median and ulnar nerve lesions. The Functional Performance Sensory Test (FPST) is standardized, but is not specific for nerve change.56 A still relatively untapped frontier for clinicians is the development of standardized functional skill assessments.


Clinical Validity

Functional skill tests are particularly indicated when the objective of testing is to determine an injured individuals’ potential for return to life activity and work.101,102 These can indicate the need for sensory reeducation and training or retraining (as long as the test used for reeducation is not also used for the primary assessment in the same patient).83,92,93,103


Comparison with Other Tests of Sensibility

Disagreement among clinical investigators about which instrument best tests patient function frequently results from the fact that they are considering both patient physiologic function (which needs to be measured without cortical reasoning and accommodation) and patient adaptation (which includes coping and learned skill). Whereas a patient’s level of physiologic function can often predict tactile gnostic function, which correlates in general with patient functional performance, his or her ability to cope with change and the degree of adaptation cannot be used as direct measurement of neural status.56 Both physiologic function and adaptive function are important, but they need to be clearly defined and considered separately.


Background Needed for Understanding

Moberg highlighted the need for the hand to be used after injury, referring to the hand without median and ulnar nerve sensibility as “blind.”84,87,104 He considered a loss in sensibility to be greatly underestimated and argued to rate the total loss of sensibility in the palm of the hand as 100% disability. He spoke of sensibility as a tactile “gnosis,” with the hand being the “eye” for the body and touch.


Test Protocols

Moberg’s Pickup Test

The now classic Moberg pickup test uses an assortment of common office objects placed on a table (paper clip, piece of cotton, etc.). The patient is instructed to quickly pick up the objects and place them into a box, first with the involved hand, then with the uninvolved, while the examiner times and observes. This process is repeated with the patient’s eyes closed. With eyes closed, the patient tends not to use the fingers or other sensory surfaces with poor sensibility. Ng and colleagues105 and others have proposed a standard protocol using standard objects for administering the test. Dellon86 modified the pickup test by standardizing the items used and requiring object identification (Fig. 11-21). No more than 30 seconds is permitted to identify the object, which is presented twice. King correlated the results of Semmes–Weinstein-style monofilament testing in carpal tunnel syndrome patients with their response times for texture and object recognition and found a significant association between level of touch perceived and time required to identify the test items.106
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Figure 11-21 Dellon modification of Moberg’s pickup test.




Waylett and the Flinn Functional Performance Sensory Test

Waylett designed a standard tactile discrimination test.107 The Flinn Functional Performance Sensory Test (FPST) is a standard and objective test of functional performance that is sensitive but not specific for sensory abnormality.56,75,101


Other Useful Tests


Sudomotor Function

Onne108 and Richards109 describe vasomotor and nutritional aspects of peripheral nerve function. Sudomotor function is important for hydrating and lubricating the skin and maintaining its normal pliability. When examined, the skin in an area with abnormal sensibility also often has changes in sweat and vascularity. Affected skin that does not receive specific care is dry to the touch and can crack easily, leading to infection. Soaking of the skin and applying an oil before drying is an effective way of maintaining suppleness and skin condition.68


Ninhydrin Sweat Test

The objective of using Moberg’s ninhydrin sweat test is to help document sweat and indicate change in sensibility in early injury.50,110,111 Moberg scored ninhydrin test results on a scale of 0 to 3, with 0 representing absent sweating and 3 representing normal sweating.21 Perry112 and Phelps97 describe a commercially available ninhydrin developer and fixer. The patient’s hand is cleaned, rinsed, and wiped with ether, alcohol, or acetone with a minimum of a 5-minute waiting period during which nothing contacts the fingers. Then the fingertips are placed against the bond paper for 15 seconds and traced with a pencil. The paper is sprayed with ninhydrin spray reagent (N-0507) (Sigma Chemical Company, St. Louis, Missouri) and dried for 24 hours or heated in an oven for 5 to 10 minutes at 200°F (93°C). After development, the prints are sprayed with the ninhydrin fixer reagent (N-0757). In a normal print, dots representing sweat glands can be clearly seen, and the lack of dots indicates a lack of sweating.


Wrinkle Test

The objective of O’Riain’s wrinkle test is to demonstrate a lack of wrinkling.113 It was observed that a denervated hand placed in warm water (40°C; 104°F) for 30 minutes does not wrinkle. This test is rated using a 0 to 3 scoring system. It is most useful for determining areas of denervation from lacerations in adults who cannot be responsive and in young children. Phelps noted that wrinkling can return without return of sensibility, so this should be used early after injury.97


Temperature Recognition

The objective of thermal testing is to demonstrate temperature recognition. Temperature sensibility, like pain, is difficult to quantify precisely.114 Normal discrimination between hot and cold temperatures has been reported to be within 5°C, but hot and cold test tubes as used by clinicians greatly exceed this range. Diminished temperature recognition can be shown to occur when touch–pressure detection thresholds are at the diminished and loss of protective sensation levels.115 Most forms of temperature testing are relatively gross, however, and not capable of revealing small changes, which may better correlate with lighter levels of touch–pressure change. Controlled and sensitive laboratory instruments that can measure temperature and pain are available to neurophysiologists and other researchers, but these are expensive and primarily used experimentally. Instrument reliability in these would need to be improved before clinical use, as some have been found to change in stimulus with various electrical voltages or change with the charge of their battery.66


Test Battery Recommendations

Early detection of developing nerve problems offers the best opportunity for improvement.48,58,116,117 At a minimum, Semmes–Weinstein-style monofilament testing using hand screen size monofilaments (for hand and body) is recommended. The following battery is recommended after obtaining a thorough patient history. The tests should be administered in a manner designed to minimize variables, and they should be knowledgeably interpreted. Optimally, testing is done both before and after treatment intervention, including surgery, in order to clearly show the direction of change, whether improvement, the same, or worsening. Testing is repeated using a standard protocol at intervals specific to the individual case.

For Nerve Lesions in Continuity

• NCV to help define site of involvement and severity of slowed or absent conduction

• Semmes–Weinstein-style monofilament hand screen or mapping to determine the touch–pressure threshold in the involved areas

• Static and moving two-point discrimination (optional for comparison)

• For patients with intermittent symptoms, stress testing with provocative activity or positioning (in coordination with referring physician) followed with repeat NCV or Semmes–Weinstein-style touch–pressure threshold tests

• Functional and other tests as indicated by need

For Nerve Lacerations

• Examination of the hand for evidence of sympathetic dysfunction

• Tinel’s test distal to the repair to determine distal progression of regenerating axons

• Semmes–Weinstein-style monofilament hand screen or mapping to assess level and area of touch–pressure return and to reveal changes over time

• Pinprick test if tested areas are unresponsive to the thickest diameter (6.65 marking number), 300-g+ level Semmes–Weinstein-style monofilament

• Static and moving two-point discrimination tests on the fingertips (if indicated)

• Touch localization testing distal to nerve repair

• Dellon modification of the Moberg pickup test for median or median and ulnar nerve dysfunction

• Functional tests and use assessment of the hand in activities of daily living (FPST where available) 101

Note: For a child younger than 4, the wrinkle test, possibly the ninhydrin sweat test, and the Moberg pickup test may provide the best information.


Summary

The clinician needs to be a peripheral nerve detective and begin an evaluation with screening of all of the peripheral nerves of the upper extremity, even when a referral has been made to test a specific nerve and level. Accurate testing and common understanding of the need for thorough evaluation among the surgeons, therapists, and others involved in the peripheral nerve assessment facilitates early diagnosis and accurate resolution of developing nerve problems. Data from consistent tests can be numerically quantified and compared among measurements, following treatment, and among patient groups. Semmes–Weinstein-style monofilament screening or mapping of detection thresholds enables the examiner to “see” what is otherwise invisible. Hand-held instruments without sufficient control on their application do not produce repeatable results and are therefore invalid in clinical testing. Many of our traditional hand-held tests need to have a means of control developed for their test stimulus. Computerized test instruments could help to eliminate the uncontrolled variables of hand-held tests. But computerized instruments must also meet sensitivity and repeatability requirements for objective testing. NCV and sensibility tests together hold the potential to improve patient outcome by enabling earlier recognition of developing problems and intervention at a point before nerve damage is irreversible.
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“Rule #1: When you get a bizarre finding, first question the test.”†




INSTRUMENTATION CRITERIA

FUNCTIONAL ASSESSMENT INSTRUMENTS

SUMMARY







CRITICAL POINTS

▪ Standardized functional tests are statistically proven to measure accurately and appropriately when proper equipment and procedures are used.

▪ In order for a test to be an acceptable measurement instrument, it must include all of the following elements: reliability, validity, statement of purpose, equipment criteria and administration, and scoring and interpretation instructions.

▪ Hand and upper extremity assessment tools fall at varying levels along the reliability and validity continuum and therefore must be selected based on satisfying as many of the required elements as possible.



Objective measurements of function provide a foundation for hand rehabilitation efforts by delineating baseline pathology against which patient progress and treatment methods may be assessed. A thorough and unbiased assessment procedure furnishes information that helps match patients to interventions, predicts rehabilitation potential, provides data from which subsequent measurements may be compared, and allows medical specialists to plan and evaluate treatment programs and techniques. Conclusions gained from functional evaluation procedures guide treatment priorities, motivate staff and patients, and define functional capacity at the termination of treatment. Assessment of function through analysis and integration of data also serves as the vehicle for professional communication, eventually influencing the body of knowledge of the profession.

The quality of assessment information depends on the accuracy, authority, objectivity, sophistication, predictability, sensitivity, and selectivity of the tools used to gather data. It is of utmost importance to choose functional assessment instruments wisely. Dependable, precise tools allow clinicians to reach conclusions that are minimally skewed by extraneous factors or biases, thus diminishing the chances of subjective error and facilitating more accurate understanding. Functional instruments that measure diffusely produce nonspecific results. Conversely, instruments with proven accuracy of measurement yield precise and selective data.

Communication is the underlying rationale for requiring good assessment procedures. The acquisition and transmission of knowledge, both of which are fundamental to patient treatment and professional growth, are enhanced through development and use of a common professional language based on strict criteria for functional assessment instrument selection. The use of “home-brewed,” functional evaluation tools that are inaccurate or not validated is never appropriate since their baseless data may misdirect or delay therapy intervention. The purpose of this chapter is twofold: (1) to define functional measurement terminology and criteria and (2) to review current upper extremity functional assessment instruments in relation to accepted measurement criteria. It is not within the scope of this chapter to recommend specific test instruments. Instead, readers are encouraged to evaluate the instruments used in their practices according to accepted instrument selection criteria,1 keeping those that best meet the criteria and discarding those that do not.


Instrumentation Criteria

Standardized functional tests, the most sophisticated of assessment tools, are statistically proven to measure accurately and appropriately when proper equipment and procedures are used. The few truly standardized tests available in hand/upper extremity rehabilitation are limited to instruments that evaluate hand coordination, dexterity, and work tolerance. Unfortunately, not all functional tests meet all of the requirements of standardization.


Primary Requisites

For a test to be an acceptable measurement instrument, it must include all of the following crucial, non-negotiable elements:

Reliability defines the accuracy or repeatability of a functional test. In other words, does the test measure consistently between like instruments; within and between trials; and within and between examiners? Statistical proof of reliability is defined through correlation coefficients. Describing the “parallelness” between two sets of data, correlation coefficients may range from +1.0 to −1.0. Devices that follow National Institute of Standards and Technology (NIST) standards, for example, a dynamometer, usually have higher reliability correlation coefficients than do tests for which there are no governing standards. When prevailing standards such as those from NIST exist for a test, use of human performance to establish reliability is unacceptable. For example, you would not check the accuracy of your watch by timing how long it takes five people to run a mile and then computing the average of their times. Yet, in the rehabilitation arena, this is essentially how reliability of many test instruments has been documented.2

Once a test’s instrument reliability is established, inter-rater and intrarater reliability are the next steps that must be confirmed. Although instrument reliability is a non-negotiable prerequisite to defining rater reliability, researchers and commercial developers often ignore this critical step, opting instead to move straight to establishing rater reliability with its less stringent, human performance-based paradigms.3 The fallacy of this fatal error seems obvious, but if a test instrument measures consistently in its inaccuracy, it can produce misleadingly high rater reliability scores that are completely meaningless. For example, if four researchers independently measure the length of the same table using the same grossly inaccurate yardstick, their resultant scores will have high inter-rater and intrarater reliability so long as the yardstick consistently maintains its inherent inaccuracies and does not change (Fig. 12-1). Unfortunately, this scenario has occurred repeatedly with clinical and research assessment tools, involving mechanical devices and paper-and-pencil tests alike.
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Figure 12-1 If an inaccurate assessment tool measures consistently and does not change over time, its intrarater and inter-rater reliabilities can be misleadingly high. Despite these deceptively high rater correlations, data collected from using the inaccurate test instrument are meaningless. (Courtesy of Dr. Elaine Ewing Fess.)



Validity defines a test’s ability to measure the thing it was designed to measure. Proof of test validity is described through correlation coefficients ranging from +1.0 to −1.0. Reliability is a prerequisite to validity. It makes no sense to have a test that measures authentically (valid) but inaccurately (unreliable). Validity correlation coefficients usually are not as high as are reliability correlation coefficients. Like reliability, validity is established through comparison to a standard that possesses similar properties. When no standard exists, and the test measures something new and unique, the test may be said to have “face validity.” An example of an instrument that has face validity is the volumeter that is based on Archimedes’ principle of water displacement. It is important to remember that volumeters must first be reliable before they may be considered to have face validity. A new functional test may be compared with another similar functional test whose validity was previously established. However, establishing validity through comparison of two new, unknown, tests produces fatally flawed results. In other words, “Two times zero is still zero.” Unfortunately, it is not unusual to find this type of error in functional tests employed in the rehabilitation arena.

Statement of purpose defines the conceptual rationale, principles, and intended use of a test. Occasionally test limitations are also included in a purpose statement. Purpose statements may range from one or two sentences to multiple paragraphs in length depending on the complexity of a test.

Equipment criteria are essential to the reliability and validity of a functional assessment test instrument. Unless absolutely identical in every way, the paraphernalia constituting a standardized test must not be substituted for or altered, no matter how similar the substituted pieces may be. Reliability and validity of a test are determined using explicit equipment. When equipment original to the test is changed, the test’s reliability and validity are rendered meaningless and must be reestablished all over again. An example, if the wooden checkers in the Jebsen Taylor Hand Function Test are replaced with plastic checkers, the test is invalidated.4

Administration, scoring, and interpretation instructions provide procedural rules and guidelines to ensure that testing processes are exactingly conducted and that grading methods are fair and accurate. The manner in which functional assessment tools are employed is crucial to accurate and honest assessment outcomes. Test procedure and sequence must not vary from that described in the administration instructions. Deviations in recommended equipment procedure or sequence invalidate test results. A cardinal rule is that assessment instruments must not be used as therapy practice tools for patients. Information obtained from tools that have been used in patient training is radically skewed, rendering it invalid and meaningless. Patient fatigue, physiologic adaptation, test difficulty, and length of test time may also influence results. Clinically this means that sensory testing is done before assessing grip or pinch; rest periods are provided appropriately; and if possible, more difficult procedures are not scheduled early in testing sessions. Good assessment technique should reflect both test protocol and instrumentation requirements. Additionally, directions for test interpretation are essential. Functional tests have specific application boundaries. Straying beyond these clearly defined limits leads to exaggeration or minimization of inherent capacities of tests, generating misguided expectations for staff and patients alike. For example, goniometric measurements pertain to joint angles and arcs of motion. They, however, are not measures of joint flexibility or strength.

Although, not a primary instrumentation requisite, a bibliography of associated literature is often included in standardized test manuals. These references contribute to clinicians’ better appreciation and understanding of test development, purpose, and usage.


Secondary Requisites

Once all of the above criteria are met, data collection may be initiated to further substantiate a test’s application and usefulness.

Normative data are drawn from large population samples that are divided, with statistically suitable numbers of subjects in each category, according to appropriate variables such as hand dominance, age, sex, occupation, and so on. Many currently available tests have associated so-called normative data, but they lack some or, more often, all of the primary instrumentation requisites, including reliability; validity; purpose statement; equipment criteria; and administration, scoring, and interpretation instructions. Regardless of how extensive a test’s associated normative information may be, if the test does not meet the primary instrumentation requisites, it is useless as a measurement instrument.5


Tertiary Options

Assuming a test meets the primary instrumentation requisites, other statistical measures may be applied to the data gleaned from using the test. The optional measures of sensitivity and specificity assist clinicians in deciding whether evidence for applying the test is appropriate for an individual patient’s diagnosis.

Sensitivity, a statistical measure, defines the proportion of correctly identified positive responses in a subject population. In other words, sensitivity tells, in terms of percentages, how good a test is at properly identifying those who actually have the diagnosis (Fig. 12-2).6 The mnemonic “SnNout” is often associated with Sensitivity, indicating that a Negative test result rules out the diagnosis.7 As an example, out of a population of 50, if a test correctly identifies 15 of the 20 people who have the diagnosis and who test positive (TP), the sensitivity of the instrument is 75.0% (TP/[TP + FN] = sensitivity %).*
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Figure 12-2 Hypothetical population (n = 50) used to compute sensitivity, specificity, and predictive values. (Adapted from Loong TW. Understanding sensitivity and specificity with the right side of the brain. BMJ. 2003;327[7417]:716–719.)



Specificity, also a statistical measure, defines the proportion of negative results that are correctly identified in a subject population. Specificity, in the form of a percentage, tells how good a test is at correctly identifying those who do not have the diagnosis (see Fig. 12-2).6 “SpPin,” the mnemonic associated with Specificity, designates that a Positive test result rules in the diagnosis.7 If out of the same example population of 50 subjects, the test correctly identifies 12 of 30 people who do not have the diagnosis who test negative (TN), the specificity of the test is 40.0% (TN/[TN + FP] = specificity %).†

Predictive values define the chances of whether positive or negative test results will be correct. A positive predictive value looks at the true positives and false positives a test generates and defines the odds of a positive test being correct in terms of a percentage.6 Using the examples previously mentioned, 18 of 33 positive test results were true positives (pink), resulting in a positive predictive value of 54.5%. Conversely, a negative predictive value specifies, in terms of percentage, the chances of a negative test result being correct by looking at the true negatives and false negatives it generates. In the previous example, 12 of 17 negative test results were true negatives (blue), for a 70.6% negative predictive value. The advantage of predictive values is that they change as the prevalence of the diagnosis changes. Loong’s 2003 article, “Understanding sensitivity and specificity with the right side of the brain” is an excellent reference for students and those who are new to these concepts.6

It is important to remember that sensitivity, specificity, and predictive values have higher accuracy when test instruments meet the primary instrumentation requisites addressed earlier in this section. If a test measures inconsistently or inappropriately, or if instrumentation equipment or procedural guides are disregarded, the test’s respective sensitivity, specificity, and predictive value percentages are compromised.


Additional Considerations

Scale and range of test instruments are also important when choosing measurement tools.

Scale refers to the basic measurement unit of an instrument. Scale should be suitably matched to the intended clinical application. For example, if a dynamometer measures in 10-pound increments and a patient’s grip strength increases by a half a pound per week, it would take 20 weeks before the dynamometer would register the patient’s improvement. The dynamometer in this example is an inappropriate measurement tool for this particular clinical circumstance because its scale is too gross to measure the patient’s progress adequately.

Range involves the scope or breadth of a measurement tool, in other words, the distance between the instrument’s beginning and end values. The range of an instrument must be appropriate to the clinical circumstance in which it will be used. For example, the majority of dynamometers used in clinical practice have a range from 0 to 200 pounds and yet, grip scores of many patients in rehabilitation settings routinely measure less than 30 pounds. Furthermore, the accuracy of most test instruments is diminished in the lowest and highest value ranges. This means that clinicians are assessing clients grip strength using the least accurate, lower 15% of available dynamometer range. With 85% of their potential ranges infrequently used, current dynamometers are ill suited to acute rehabilitation clinic needs. However, these same dynamometers are well matched to work-hardening situations where grip strengths more closely approximate the more accurate, midrange values of commercially available dynamometers.


Standardized Tests Versus Observational Tests

Through interpretation, standardized tests provide information that may be used to predict how a patient may perform in normal daily tasks. For example, if a patient achieves x score on a standardized test, he may be predicted to perform at an equivalent of the “75th percentile of normal assembly line workers.” Standardized tests allow deduction of anticipated achievement based on narrower performance parameters as defined by the test.

In contrast, observational tests assess performance through comparison of subsequent test trials and are limited to like-item-to-like-item comparisons. Observational tests are often scored according to how patients perform specific test items; that is, independently, independently with equipment, needs assistance, and so forth. “The patient is able to pick up a full 12-ounce beer can with his injured hand without assistance.” Progress is based on the fact that he could not accomplish this task 3 weeks ago. Observational information, however, cannot be used to predict whether the patient will be able to dress himself or run a given machine at work. Assumptions beyond the test item trial-to-trial performance comparisons are invalid and irrelevant. Observational tests may be included in an upper extremity assessment battery so long as they are used appropriately.


Computerized Assessment Instruments

Computerized assessment tools must meet the same primary measurement requisites as noncomputerized instruments. Unfortunately, both patients and medical personnel tend to assume that computer-based equipment is more trustworthy than noncomputerized counterparts. This naive assumption is erroneous and predisposed to producing misleading information. In hand rehabilitation, some of the most commonly used noncomputerized evaluation tools have been or are being studied for instrument reliability and validity (the two most fundamental instrumentation criteria). However, at the time of this writing, none of the computerized hand evaluation instruments have been statistically proven to have intrainstrument and interinstrument reliability compared with NIST criteria. Some have “human performance” reliability statements, but these are based on the fatally flawed premise that human normative performance is equivalent to gold-standard NIST calibration criteria.2-3,5 Who would accept the accuracy of a weight set that had been “calibrated” by averaging 20 “normal” individuals’ abilities to lift the weights? Human performance is not an acceptable criterion for defining the reliability (calibration) of mechanical devices, including those used in upper extremity rehabilitation clinics.

Furthermore, one cannot assume that a computerized version of an instrument is reliable and valid because its noncomputerized counterpart has established reliability. For example, although some computerized dynamometers have identical external components to those of their manual counterparts, internally they have been “gutted” and no longer function on hydraulic systems. Reliability and validity statements for the manual hydraulic dynamometer are not applicable to the “gutted” computer version. Even if both dynamometers were hydraulic, separate reliability and validity data would be required for the computerized instrument.

The inherent complexity of computerized assessment equipment makes it difficult to determine instrument reliability without the assistance of qualified engineers, computer experts, and statisticians. Compounding the problem, stringent federal regulation often does not apply to “therapy devices.” Without sophisticated technical assistance, medical specialists and their patients have no way of knowing the true accuracy of the data produced by computerized therapy equipment.


Instrumentation Summary

Although many measurement instruments are touted as being “standardized,” most lack even the rudimentary elements of statistical reliability and validity,8,9 relying instead on normative statements such as means or averages. These norm-based tests lack even the barest of instrumentation requisites, meaning they cannot substantiate their consistency of measurement nor their ability to measure the entity for which they were designed. Because relatively few evaluation tools fully meet standardization criteria, instrument selection must be predicated on satisfying as many of the previously mentioned requisites as possible.10 Hand/upper extremity assessment tools vary in their levels of reliability and validity according to how closely their inherent properties match the primary instrumentation requisites.

As consumers, medical specialists must require that all assessment tools have appropriate documentation of reliability and validity at the very least. Furthermore, “data regarding reliability [and validity]‡ should be available and should not be taken at face value alone; just because a manufacturer states reliability studies have been done, or a paper concludes an instrument is reliable, does not mean the instrument or testing protocol meets the requirements for scientific design.”11 Purchasing and using assessment tools that do not meet fundamental measurement requisites limits potential at all levels, from individual patients to the scope of the profession.




Functional Assessment Instruments


Handedness

Handedness is an essential component of upper extremity function. Traditionally, the patient self-report is the most common method of defining hand preference in the upper extremity rehabilitation arena. Although hand preference tests with established reliability and validity have been used by psychologists to delineate cortical dominance for several decades,12,13 knowledge of these tests by surgeons and therapists is relatively limited. Recent studies show that the Waterloo Handedness Questionnaire (WHQ),13-15 a 32-item function-based survey with high reliability and validity, more accurately and more extensively defines hand dominance (Fig. 12-3) than does the patient self-report.16-17 The WHQ is inexpensive, simple and fast to administer, easy to score, and patients respond positively to it, welcoming its user-friendly format and explicitness of individualized results. Better definition of handedness is important to clinicians and researchers alike, in that it improves treatment focus and outcomes on a day-to-day basis, and, through more precise research studies, it eventually enhances the professional body of knowledge. (Also see the Grip Assessment section of this chapter.)
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Figure 12-3 The Waterloo Handedness Questionnaire (WHQ) provides a more accurate definition of handedness than does the traditionally used self-report.




Hand Strength


Grip Assessment

Grip strength is most often measured with a commercially available hydraulic Jamar dynamometer (Fig. 12-4), although other dynamometer designs are available.18-22 Developed by Bechtol23 and recommended by professional societies,24-26 the Jamar dynamometer has been shown to be a reliable test instrument,27 provided calibration is maintained and standard positioning of test subjects is followed.28-34
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Figure 12-4 A, The hydraulic Jamar dynamometer has excellent reliability when calibrated correctly. B, A calibration testing station is easy to set up and will pay for itself over time. The most expensive components of the testing station are the F-tolerance test weights. The hook-weight combination is drill-calibrated to match the other weights, eliminating the need to subtract the weight of the hook.



In an ongoing instrument reliability study, of over 200 used Jamar and Jamar design dynamometers evaluated by the author, 51% passed the requisite +0.9994 correlation criterion compared with NIST F-tolerance test weights (government certified high-caliber test weights). Of these (0.9994 and above), 27% needed minor faceplate adjustments to align their read-out means with the mean readings of the standardized test weights. Of 30 brand new dynamometers, 80% met the correlation criterion of +0.9994. Interestingly, two Jamar dynamometers were tested multiple times over more than 12 years with less than a 0.0004 change in correlation, indicating that these instruments do maintain their calibration if carefully used and stored.35

Test procedure is important. In 1978 and 1983, the American Society for Surgery of the Hand recommended that the second handle position be used in determining grip strength and that the average of three trials be recorded.24,36 In contrast to the recommended mean of three grip trials, one maximal grip is reported to be equally reliable in a small cohort study.37 Deviation from recommended protocol should be undertaken with caution in regard to the mean-of-three-trials criterion, which is commonly utilized in research studies. More information is needed before adopting the one-trial method.

Of importance is the concept that grip changes according to size of object grasped. Normal adult grip values for the five consecutive handle positions consistently create a bell-shaped curve, with the first position (smallest) being the least advantageous for strong grip, followed by the fifth and fourth positions; strongest grip values occur at the third and second handle positions.23,38 If inconsistent handle positions are used to assess patient progress, normal alterations in grip scores may be erroneously interpreted as advances or declines in progress. Fatigue is not an issue for the three-trial test procedure, but may become a factor when recording grip strengths using all five handle positions (total of 15 trials with 3 trials at each position).39 A 4-minute rest period between handle positions helps control potential fatigue effect.40 Although a 1-minute rest between sets was reported to be sufficient to avoid fatigue, this study was conducted using a dynamometer design instrument whose configuration is different from that of the Jamar dynamometer.41 Percent of maximal voluntary contraction (MVC) required is also important in understanding normal grip strength and fatigue.42 For example it is possible to sustain isometric contraction at 10% MVC for 65 minutes without signs of muscle fatigue.43 Although Young40 reported no significant difference in grip scores between morning and night, his data collection times were shorter compared to those of other investigators who recommend that time of day should be consistent from trial to trial.23,44

Better definition of handedness directly influences grip strength. Using the WHQ, Lui and Fess found a consistent polarization pattern with greater differences between dominant and nondominant grip strengths in normal subjects with WHQ classifications of predominantly left or right preference versus those who were ambidextrous or with slight left or right preferences. This polarization pattern was especially apparent in the second Jamar handle position.45

Norms for grip strength are available,46-49 but several of these studies involve altered Jamar dynamometers or other types of dynamometers.50-54 Independent studies refute the often cited 10% rule for normal subjects,55 with reports finding that the minor hand has a range of equal to or stronger than the major hand in up to 31% of the normal population.54,56,57 The “10% rule” also is not substantiated when the WHQ is used to define handedness.45 Grip has been reported to correlate with height, weight, and age,23,54,56,58 and socioeconomic variables such as participation in specific sports or occupations also influence normal grip.59,60 Grip strength values lower than normal are predictive of deterioration and disability in elderly populations.61-67 It is important to note that the Mathiowetz normative data reported for older adults48 may be “up to 10 pounds lower than they should be.”68 A 2005 meta-analysis by Bohannon and colleagues that combined normative values from 12 studies that used Jamar dynamometers and followed American Society of Hand Therapists (ASHT) recommended testing protocols may be the most useful reference for normative data to date.69 In a 2006 study, Bohannon and coworkers also conducted a meta-analysis for normative grip values of adults 20 to 49 years of age.70

Although grip strength is often used clinically to determine sincerity of voluntary effort, validity of its use in identifying submaximal effort is controversial, with studies both supporting71-76 and refuting its appropriateness.77-82 Niebuhr83 recommends use of surface electromyography in conjunction with grip testing to more accurately determine sincerity of effort. The rapid exchange grip test,84,85 a popular test for insincere effort, has been shown to have problems with procedure and reliability;86,87 and even with a carefully standardized administration protocol, its validity is disputed due to low sensitivity and specificity.86,88,89

Hand grip strength is often an indicator of poor nutritional status. Unfortunately, the majority of these studies have been conducted using grip instruments other than the Jamar or Jamar-like dynamometers.90-93 Furthermore, very few of these studies address calibration methods, rendering their results uncertain.

Bowman and associates reported that the presence or absence of the fifth finger flexor digitorum superficialis (FDS) significantly altered grip strength in normal subjects, with grip strength of the FDS-absent group being nearly 7 pounds less than the FDS-common group, and slightly more than 8 pounds less than the FDS-independent group.94

The Jamar’s capacity as an evaluation instrument, the effects of protocol, and the ramification of its use have been analyzed by many investigators over the years with mixed, and sometimes conflicting, results. Confusion is due in large part to the fact that the vast majority of studies reported have relied on nonexistent, incomplete, or inappropriate methods for checking instrument accuracy of the dynamometers used in data collection. A second and more recent development is the ability to better define handedness using the WHQ. Scientific inquiry is both ongoing and progressive as new information is available. Although past studies provide springboards and directions, it is important to understand that all grip strength studies need to be reevaluated using carefully calibrated instruments and in the context of the more accurate definition of handedness provided by the WHQ.

Other grip strength assessment tools need to be ranked according to stringent instrumentation criteria, including longitudinal effects of use and time. Although spring-load instruments or rubber bulb/bladder instruments (Fig. 12-5) may demonstrate good instrument reliability when compared with corresponding NIST criteria, both these categories of instruments exhibit deterioration with time and use, rendering them inaccurate as assessment tools.
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Figure 12-5 Rubber or spring dynamometer components deteriorate with use and over time, rendering the dynamometers useless as measurement devices.




Pinch Assessment

Reliability of commercially available pinchometers needs thorough investigation. Generally speaking, hydraulic pinch instruments are more accurate than spring-loaded pinchometers (Fig. 12-6). A frequently used pinchometer in the shape of an elongated C with a plunger dial on top is, mechanically speaking, a single large spring, in that its two ends are compressed toward each other against the counter force of the single center C spring. This design has inherent problems in terms of instrument reliability.95
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Figure 12-6 A hydraulic pinchometer (right) is consistently more reliable than the commonly used, elongated-C-spring design pinchometer (left). This is because the C-spring design pinchometer (left) is actually one large spring that is compressed as a patient pinches its two open ends together.



Three types of pinch are usually assessed: (1) prehension of the thumb pulp to the lateral aspect of the index middle phalanx (key, lateral, or pulp to side); (2) pulp of the thumb to pulps of the index and long fingers (three-jaw chuck, three-point chuck); and (3) thumb tip to the tip of the index finger (tip to tip). Lateral is the strongest of the three types of pinch, followed by three-jaw chuck. Tip to tip is a positioning pinch used in activities requiring fine coordination rather than power. As with grip measurements, the mean of three trials is recorded, and comparisons are made with the opposite hand. Better definition of handedness via the WHQ improves understanding of the relative value of dominant and nondominant pinch strength. Cassanova and Grunert96 describe an excellent method of classifying pinch patterns based on anatomic areas of contact. In an extensive literature review, they found more than 300 distinct terms for prehension. Their method of classification avoids colloquial usage and eliminates confusion when describing pinch function.


Sensibility Function

Of the five hierarchical levels of sensibility testing ([1] autonomic/sympathetic response, [2] detection, [3] discrimination, [4] quantification, and [5] identification),97,98 only the final two levels include functional assessments. (See Chapter 11 for details regarding testing in the initial three levels.) At this time no standardized tests are available for these two categories although their concepts are used frequently in sensory reeducation treatment programs. However, several observation-based assessments are used clinically.

Quantification is the fourth hierarchical level of sensory capacity. This level involves organizing tactile stimuli according to degree. A patient may be asked to rank several object variations according to tactile properties, including, but not limited to, roughness, irregularity, thickness, weight, or temperature. An example of a quantification level functional sensibility assessment, Barber’s series of dowel rods covered with increasingly rougher sandpapers requires patients to rank the dowel rods from smoothest to roughest with vision occluded. For more detail, the reader is referred to Barber’s archived chapter on the companion Web site of this text.

Identification, the final and most complicated sensibility level, involves the ability to recognize objects through touch alone.

The Moberg Picking-Up Test is useful both as an observational test of gross median nerve function and as an identification test. Individuals with median nerve sensory impairment tend to ignore or avoid using their impaired radial digits, switching instead to the ulnar innervated digits with intact or less impaired sensory input, as they pick up and place small objects in a can. This test is frequently adapted to assess sensibility identification capacity by asking patients, without using visual cues, to identify the small objects as they are picked up. A commercially available version of the Moberg Picking-Up Test is available. Currently, the Moberg is an observational test only. It meets none of the primary instrumentation requisites, including proof of reliability and validity; and for most of the noncommercial versions that are put together with a random assortment of commonly found small objects, it lacks even the simplest of equipment standards.


Daily Life Skills

Traditionally, the extent to which daily life skills (DLS) are assessed has depended on the type of clientele treated by various rehabilitation centers. For example, facilities oriented toward treatment of trauma injury patients required less extensive DLS evaluation and training than centers specializing in treatment of arthritis patients. However, with current emphasis on patient satisfaction reporting, it is apparent that more extensive DLS evaluation is needed to identify specific factors that are individual and distinct to each patient and patient population.

The Flinn Performance Screening Tool (FPST)99 is important because of its excellent test–retest reliability (92% of the items: Kendall’s τ > 0.8 and 97% agreement); and because it continues to be tested and upgraded over time (Fig. 12-7). The FPST allows patients to work independently of the evaluator in deciding what tasks they can and cannot perform. The fact that this test is not influenced by the immediate presence of an administrator is both important and unusual. Busy clinicians may prejudge or assume patient abilities based on previous experience with similar diagnoses; and some patients hesitate to disclose personal issues. With the FPST, the potential for therapist bias is eliminated and issues such as patient lack of disclosure due to social unease is reduced. Patients peruse and rank the cards on their own without extraneous influence. The FPST consists of three volumes of over 300 laminated daily activity photographs that have been tested and retested for specificity and sensitivity of task. Volume 1 assesses self-care tasks; volume 2 evaluates home and outside activities; volume 3 relates to work activities. This test represents a major step toward defining function in a scientific manner.
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Figure 12-7 With a high reliability rating, the Flinn Performance Screening Tool (FPST) consists of a series of laminated photographs of activities of daily living and instrumental activities of daily living tasks from which patients identify activities that are problematic. Patients work independently, thereby avoiding potential evaluator bias or inhibiting societal influence. A, Volumes 1 and 2. B, One of more than 300 laminated photo cards contained in volumes 1–3.




Manual Dexterity and Coordination

Tests that assess dexterity and coordination are available in several levels of difficulty, allowing selection of instruments that best suit the needs and abilities of individual patients. As noted earlier, when using a standardized test instrument, it is imperative not to deviate from the method, equipment, and sequencing described in the test instructions. Test calibration, reliability, and validity are determined using very specific items and techniques, and any change in the stipulated pattern renders resultant data invalid and meaningless. Using a standardized test as a teaching or training device in therapy also excludes its use as an assessment instrument, due to skewing of data.


Jebsen Taylor Hand Function Test

Of the tests available, the Jebsen Taylor Hand Function Test100 requires the least amount of extremity coordination, is inexpensive to assemble, and is easy to administer and score. The Jebsen consists of seven subtests: (1) writing, (2) card turning, (3) picking up small objects, (4) simulated feeding, (5) stacking, (6) picking up large lightweight objects, and (7) picking up large heavy objects. Originally developed for use with patients with rheumatoid arthritis,100,101 the Jebsen has been used to assess aging adults,102 hemiplegic persons,103 children,104 and patients with wrist immobilization,105 among others. Jebsen norms are categorized according to maximum time, hand dominance, age, and gender.106 Rider and Lindon4 report a statistically significant difference in times with substitution of plastic checkers for the original wooden ones, and a trend of faster times with use of larger paper clips than originally described, invalidating the test. Equipment for standardized tests cannot be substituted or altered from that of the original test unless the test is restandardized completely with the new equipment. Capacity to measure gross coordination makes the Jebsen test an excellent instrument for assessing individuals whose severity of impairment precludes use of many other coordination tests, which often require very fine prehension patterns. The Jebsen is commercially available, but, before being used, this commercial format must be assessed thoroughly to ensure that it meets the original equipment standards and procedures.


Minnesota Rate of Manipulation Tests

Based on placing blocks into spaces on a board, the Minnesota Rate of Manipulation Tests (MRMT) include five activities: (1) placing, (2) turning, (3) displacing, (4) one-hand turning and placing, and (5) two-hand turning and placing. Originally designed for testing personnel for jobs requiring arm–hand dexterity, the MRMT is another excellent example of a test that measures gross coordination and dexterity, making it applicable to many of the needs encountered in hand/upper extremity rehabilitation. Norms for this instrument are based on more than 11,000 subjects. Unfortunately, some of the commercially available versions of the MRMT are made of plastic. Reliability, validity, and normative data were established on the original wooden version of the test and are not applicable to the newer plastic design. Essentially, the plastic MRMT is an unknown whose reliability, validity, and normative investigation must be established before it may be used as a testing instrument.


Purdue Pegboard Test

Requiring prehension of small pins, washers, and collars, the Purdue Pegboard Test107 evaluates finer coordination than the two previous dexterity tests. Subcategories for the Purdue are (1) right hand, (2) left hand, (3) both hands, (4) right, left, and both, and (5) assembly. Normative data are presented in categories based on gender and job type: male and female applicants for general factory work, female applicants for electronics production work, male utility service workers, among others. Normative data are also available for 14- to 19-year-olds108 and for ages 60 and over.109 Reddon and colleagues110 found a learning curve for some subtests when the Purdue was given five times at weekly intervals, reinforcing the concept that standardized tests should not be used as training devices for patients.

In terms of psychomotor taxonomy, all of the previously described tests assess activities that are classified as skilled movements, with the exception of the Jebsen’s task of picking up small objects with a spoon. Skilled movements involve picking up and manipulation of objects using finger–thumb interaction. At this level, tool usage is not involved in the testing process. In contrast, compound adaptive skills, the next higher psychomotor level, incorporates tool use, a more difficult proficiency.


Crawford Small Parts Dexterity Test

Evaluating compound adaptive skills, the Crawford Small Parts Dexterity Test adds another dimension to hand function assessment by introducing tools into the test protocol. Increasing the level of difficulty, this test requires patients to control implements in addition to their hands and fingers. The Crawford involves use of tweezers and a screwdriver to assemble pins, collars, and small screws on the test board. It relates to activities requiring very fine coordination, such as engraving, watch repair and clock making, office machine assembly, and other intricate skills.


O’Connor Peg Board Test

The O’Connor Peg Board111 test also requires use of tool manipulation to place small pegs on a board.


Nine-Hole Peg Test

Although frequently used in clinics, the Nine-Hole Peg Test lacks all the primary instrumentation requisites, including the critical elements of proof of reliability and validity. This “test” does have reported normative values but without the presence of primary instrumentation criteria, it is therefore useless as a measurement tool.

With the exception of the Nine-Hole Peg Test, all of the previously mentioned dexterity and coordination tests meet all of the primary and secondary instrumentation requisites. Other hand-coordination and dexterity tests are available. Before being used to assess patients, these tests should be carefully evaluated in terms of the primary, secondary, and optional instrumentation requisites discussed earlier in this chapter to ensure they have been proved to measure appropriately and accurately.


Work Hardening

Work-hardening tests span a wide range in terms of meeting instrumentation criteria, with many falling into the category of specific item or task longitudinal tests designed specifically to meet the needs of an individual patient.


Valpar Component Work Samples

On the sophisticated end of the continuum, the Valpar Work Sample consists of 19 work samples, each of which meets all the criteria for a standardized test. The individual tests may be used alone or in multiple groupings depending on patient requirements. The work samples may also be administered in any order. With the exception of the Valpar Work Samples, many work-hardening tests are not standardized.


Baltimore Therapeutic Equipment Work Simulator

The Baltimore Therapeutic Equipment Work Simulator (BTEWS) employs static and dynamic modes to produce resistance to an array of tools and handles that are inserted into a common exercise head. Although the basic concept of this machine is innovative and the static mode has been shown to be accurate with high reliability correlation coefficients, the dynamic mode has problems producing consistent resistance. Coleman and coworkers found the dynamic mode resistance to vary widely both within machines and between machines, making the Work Simulator inappropriate for assessment when consistent resistance is required (Fig. 12-8).112-114 Because of the fluctuating and unpredictable dynamic mode resistance changes, which are not accurately reflected by the computer printout (Figs. 12-9 and 12-10), caution should be used in allowing patients with acute injuries, geriatric patients, pediatric patients, patients with inflammatory problems such as rheumatoid arthritis, patients with unstable vascular systems, or patients with impaired sensibility to exercise on this machine. Longitudinal pre-BTEWS and post-BTEWS volumetric measurements may be helpful in identifying patients whose inflammatory response to working in the Work Simulator dynamic mode may be progressively increasing.
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Figure 12-8 Designed by engineers, this method of testing the consistency of resistance of the Baltimore Therapeutic Equipment Work Simulator dynamic mode is more appropriate and more accurate than static weight suspension or human performance data. With the Work Simulator dynamic mode resistance set at 92% of the applied weights, when the pin is pulled, the wheel begins to rotate one revolution against the preset Simulator resistance and the weights are lowered to the floor in a controlled descent. If the resistance remains constant, the timed descent of the weights remains constant both within and between weight drop trials. If, however, the resistance fluctuates, the timed descent of the weights is inconsistent within and between trials. In many of the Work Simulators, resistance surges produced by the Simulator were sufficiently strong to halt the descent of 20 to 40 pounds of weight in midair. Other times the weights crashed unexpectedly to the floor when Simulator resistance suddenly decreased. (Coleman EF, Renfro RR, Cetinok EM, et al. Reliability of the manual dynamic mode of the Baltimore Therapeutic Equipment Work Simulator. J Hand Ther. 1996;9[3]:223–237.)
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Figure 12-9 A composite of the Work Simulators tested, these are the reports generated by the Work Simulator dynamic mode printouts of the resistance (torque) produced by Simulator dynamic modes. The Simulator printouts reported output data that closely mirrored the input resistance set by the engineer researchers. (Coleman EF, Renfro RR, Cetinok EM, et al. Reliability of the manual dynamic mode of the Baltimore Therapeutic Equipment Work Simulator. J Hand Ther. 1996;9[3]:223–237.)
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Figure 12-10 In contrast to the printout reports in Figure 12-9, the timed weight drops against Simulator-produced resistance indicate large inconsistencies in resistances created by the various dynamic modes of the Work Simulators. Furthermore, Simulator-generated printout reports did not accurately reflect the actual resistances produced by the Simulator dynamic modes. (Coleman EF, Renfro RR, Cetinok EM, et al. Reliability of the manual dynamic mode of the Baltimore Therapeutic Equipment Work Simulator. J Hand Ther. 1996;9[3]:223–237.)



Interestingly, a review of reliability studies involving the Work Simulator identifies a pattern that is all too often found with mechanical rehabilitation devices, in that multiple studies were conducted and reported using human performance to establish its reliability as an assessment instrument.115-121 Human performance is not an appropriate indicator of accuracy or calibration for mechanical devices using NIST criteria. Furthermore, the recommended method for “calibrating” Work Simulators involves a static process of weight suspension that is incongruous with assessing dynamic mode resistance. Later, when a team of engineers evaluated the consistency of resistance of the dynamic mode according to NIST standards and employing an appropriate dynamic measurement method, reliability and accuracy of the dynamic mode were found to be seriously lacking.113

A second-generation “work simulator,” the BTE Primus, is currently on the market, along with similar machines from other companies. The Primus drops the terminology of “static” and “dynamic” modes, opting instead for isometric, isotonic, and isokinetic resistance and continuous passive motion modes. No NIST-based reliability information for the modes in which patients work against preset resistances is available for any of these second-generation machines including the Primus.122-125 Before the Primus may be used as an assessment instrument, or for that matter, a treatment tool, the Coleman and associates113 engineering methods used to evaluate the BTEWS should be employed to fully identify the consistency of resistance produced by its resistance modes. Unfortunately, the Coleman and associates NIST-based engineering study of the BTEWS is not included in the Primus operator’s manual bibliography.

Assessment of a patient’s potential to return to work is based on a combination of standardized and observational tests, knowledge of the specific work situation, insight into the patient’s motivational and psychological resources, and understanding of the complexities of normal and disabled hands and upper extremities in general. Although its importance has been acknowledged in the past, vocational assessment of the patient with an upper extremity injury is now given a higher priority in most of the major hand rehabilitation centers throughout the country. Treatment no longer ends with achievement of skeletal stability, wound healing, and a plateau of motion and sensibility. This shift in emphasis has been the result, in large part, of the contributions of the Philadelphia Hand Center.


Patient Satisfaction

Testing patient satisfaction has become an integral part of rehabilitation endeavors.126,127 Just as other test instruments must meet primary instrumentation requisites, so too must patient satisfaction assessment tools,128-130 which are often in the format of patient self-report questionnaires.

Current symptom or satisfaction tools used in evaluating patients with upper extremity injury or dysfunction include the Medical Outcomes Study 36-Item Health Survey (SF-36), the Upper Extremities Disabilities of Arm, Shoulder, and Hand (DASH),131-150 the Quick DASH, and the Michigan Hand Outcomes Questionnaire (MHQ).151,152 In contrast to the DASH instruments, the MHQ takes into consideration the important factors of hand dominance and hand/upper extremity cosmesis.151-160 These assessment tools have been extensively tested and meet all the primary instrumentation requisites. They are also available in many languages.


Diagnosis-Specific Tests of Function


Rheumatoid Arthritis

Arthritis literature is replete with dexterity and coordination tests, due in no small part to the numerous research studies involving outcomes of pharmacologic interventions. Some of the more frequently used assessments include the Sequential Occupational Dexterity Assessment (SODA), the Sollerman Test of Hand Grip, the Arthritis Hand Function Test, the Grip Ability Test, the Keitel Function Test, and the previously mentioned Jebsen Taylor Hand Function Test.

In contrast to these sophisticated coordination tests is the ubiquitous use of sphygmomanometers to assess grip strength. Despite a 1999 engineering report by Unsworth and colleagues161 that found “bags of different diameter and volume were seen to give statistically different pressure readings when squeezed by the same subjects,” the blood pressure cuff remains a common tool for evaluating grip strength in contemporary rheumatoid arthritis literature.


Stroke

The Wolf Motor Function Test (WMFT)162-171 assesses motor function in adults with hemiplegia due to stroke or traumatic brain injury. Although the original WMFT had 21 tasks, the adapted WMFT is shortened to 15 functional tasks and “includes items that cover a range of movements that can be evaluated within a realistic time period for both clinical and research purposes.” Ranging from 0.86 to 0.99, the WMFT-15 has good inter-rater, intrarater agreement, internal consistency, and test–retest reliability. A video demonstration of the WMFT may be found at www.youtube.com/watch?y=SIJK88NdZM.

Used in constraint-induced movement therapy, the original Motor Activity Log (MAL)172-176 was designed as a structured interview to assess how hemiparetic poststroke individuals use their more involved upper extremity in real-world activities. The MAL is divided into two components: amount of use (AOU) and quality of movement (QOM), during activities of daily living. The MAL is “internally consistent and relatively stable in chronic stroke patients not undergoing intervention.” However, its longitudinal construct validity is in doubt. The Motor Activity Log-14, a shortened version of the MAL, corrects many of the inconsistencies of the original MAL.174


Carpal Tunnel Syndrome

The Severity of Symptoms and Functional Status in Carpal Tunnel Syndrome questionnaire is an outcomes tool that was developed specifically to assess carpal tunnel syndrome symptoms177-183 using a combination of impairment assessment tools, patients’ self-reports of their symptoms, and their abilities to accomplish a few specific functional tasks that are problematic for those suffering from median nerve compression at the wrist.


Summary

Evaluation with instruments that measure accurately and truthfully allows physicians and therapists to correctly identify hand/upper extremity pathology and dysfunction, assess the effects of treatment, and realistically apprise patients of their progress. Accurate assessment data also permit analysis of treatment modalities for effectiveness, provide a foundation for professional communication through research, and eventually influence the scope and direction of the profession as a whole. Because of their relationship to the kind of information obtained, assessment tools should be chosen carefully. The choice of tools directly influences the quality of individual treatment and the degree of understanding between hand specialists. Criteria exist for identifying dependable instruments for accurate measurement when used by different evaluators and from session to session. Unless the results of a “home-brewed” test are statistically analyzed, the test is tried on large numbers of normal subjects, and the results are analyzed again, it is naïve to assume that such a test provides meaningful information. In the future, currently utilized tools may be better understood through checking their reliability and validity levels with bioengineering technology,176 and statisticians may be of assistance in devising protocols that will lead to more refined and accurate information. We as hand specialists have a responsibility to our patients and our colleagues to continue to critique the instruments we use in terms of their capacities as measurement tools. Without assessment, we cannot treat, we cannot communicate, and we cannot progress.
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CRITICAL POINTS

▪ Plain radiography is the standard imaging technique. It provides the vast majority of information needed in many hand and wrist disorders.

▪ Advanced imaging is necessary when disorders cannot be adequately assessed through routine measures.

▪ A bone scan is a minimally invasive technique that provides information about blood flow, soft tissue elements and bone pathology. Anatomic resolution is poor, yet bone scanning is an important adjunct to other imaging modalities. Bone scanning is useful especially when the diagnosis is enigmatic.

▪ Arteriography is a minimally invasive technique to accurately visualize arterial anatomy and integrity and may be necessary when considering vascular surgery or to view the vascularity of musculoskeletal lesions.

▪ Ultrasound is a noninvasive modality for viewing and differentiating masses within the musculoskeletal system, especially between solid and cystic masses. Ultrasound can provide a dynamic account of tendon excursion as well, and look for tendon injury.

▪ Computed Tomography (CT) is a noninvasive modality, but exposes patients to ionizing radiation. Benefits include the ability to observe occult fractures within the carpus, identify displacement of fracture fragments, and evaluate for bone healing and nonunion. CT is especially useful for looking at the distal radioulnar joint for subluxation or dislocation.

▪ Magnetic Resonance Imaging (MRI) is a noninvasive imaging technique that has become the gold standard in viewing and differentiating soft tissue lesions, identifying lesions of the carpal ligaments, triangular fibrocartilage, and occult fractures of the hand and wrist. Flexor tendon injuries and tenosynovitis is easily identified. MRI is contraindicated in patients with pacemakers and cochlear implants.



The diagnosis of upper extremity disorders relies on information obtained in the history, physical examination, and views of the region acquired through one or more imaging techniques. Plain radiography provides adequate visualization of most problems and, for that reason, is a standard part of the initial evaluation. Excellent depiction of fractures, fracture alignment, fracture healing site, dislocation, soft tissue calcification, foreign bodies, and bony detail can be obtained by this readily available, cost-effective, and noninvasive means. In certain cases, however, the problem cannot be properly assessed by routine measures; thus, other imaging modalities are needed to provide further diagnostic information. In this chapter, radiography and advanced imaging techniques are discussed in relation to the diagnosis of hand and wrist disorders.


Radiography


Routine Studies

Routine studies of the hand consist of posteroanterior (PA), lateral, and oblique views, which are evaluated for bone density, bony lesions, fractures and dislocations, integrity of the articular surfaces and joint spaces, and irregularities of the soft tissue (Fig. 13-1).1
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Figure 13-1 Routine views of the hand. A, Posteroanterior. B, Oblique. C, Lateral.



Bone density, which is evaluated grossly, may be normal, less than normal (osteopenia), or greater than normal (osteosclerosis). Osteopenia is most often encountered in the elderly and is known as senile osteoporosis when associated with advanced age. Osteosclerosis occurs in conditions such as avascular necrosis (AVN) (Fig. 13-2), fracture healing, and metabolic bone disease.2 Plain films may reveal discrete or diffuse bone lesions, including primary or metastatic bone tumors, infection, and metabolic bone disease (Fig. 13-3). The cortical integrity is carefully inspected for evidence of acute fracture (Fig. 13-4) and the joint alignment evaluated for subluxation or dislocation.3 Abnormalities of the articular surface and cartilage joint space also are documented. Narrowing of the cartilage space may indicate arthritis, resulting from degeneration, inflammation, infection, or trauma (Figs. 13-5 and 13-6).4 Finally, the soft tissue shadows are evaluated for irregularities. Any evidence of calcification (Fig. 13-7), foreign bodies (Fig. 13-8, online),5 or soft tissue masses must be correlated with the clinical findings.
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Figure 13-2 Avascular necrosis (AVN) of the lunate, or Kienböck’s disease. Coned-down posteroanterior views of the wrist demonstrate two manifestations of AVN: bony sclerosis, seen in the ulnar aspect of the lunate, and osteopenia, seen in the radial side of the lunate (arrow). The latter is due to increased blood flow as the bone attempts to heal.
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Figure 13-3 An enchondroma is demonstrated in this posteroanterior view. Note the decreased bone density of the fourth metacarpal head and shaft, which also are increased in size. Within the area of decreased bone density are stippled calcifications—a classic finding in this type of lesion.
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Figure 13-4 This posteroanterior view of the wrist shows a fracture of the proximal third of the scaphoid (arrow) with an associated cyst.
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Figure 13-5 Posteroanterior views of the wrist demonstrating the hallmarks of rheumatoid arthritis: osteopenia, which may be the earliest sign of the disease (compare with normal bone density in Fig. 13-1, A), loss of articular cartilage, and erosions. In this patient, erosion is evident at the ulnar styloid (arrow).
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Figure 13-6 Osteoarthritis. Oblique view of the wrist showing decreased height of the articular cartilage at the first metacarpal joint (arrow). The disease also has resulted in increased bone density on both sides of the joint.
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Figure 13-7 Oblique view of the hand demonstrating extensive calcification in the soft tissues of the digits.
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Figure 13-8 Posteroanterior (A) and lateral (B) views of the wrist and distal forearm showing multiple shotgun pellets. Note the air in the soft tissues (areas of lucency [arrow]) caused by the penetrating trauma.




Special Views

If the history and physical examination indicate a localized problem, a coned-down view of the area can be obtained. This magnified spot film focuses on a specific area of the wrist, which is especially useful for isolated disease of the carpal bones because fractures and abnormalities in this region often cannot be seen on plain views (Fig. 13-9, online). Special positioning and maneuvers also are used to allow more complete visualization of a possible pathologic condition. For example, stress views may demonstrate joint malalignments that are not evident on routine films. Tears of the ulnar collateral ligament of the thumb metacarpophalangeal (MCP) joint are a case in point because these can become apparent by applying a force to this joint in radial deviation (Fig. 13-10).5 A special maneuver is often needed to demonstrate damage to the scapholunate ligament complex. This complex is important in stabilizing the scaphoid and preventing rotatory subluxation. When it is injured, the scapholunate interval may appear completely normal on a routine view, but it widens when a compression load is applied by clenching the fist in supination (Fig. 13-11). Recently, a modified clenched-fist view, called the “clenched-pencil” view, was described.6 This view allows the appropriate amount of pronation of the wrist to view the scapholunate interval most favorably. Special views, such as those of the trapezial ridge (Fig. 13-12) and hook of the hamate (Fig. 13-13), also are useful in demonstrating the bony anatomy of the carpal tunnel and certain fractures.
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Figure 13-9 Coned-down posteroanterior views of the wrist provide greater bony detail and are useful when wrist pathology is suggested.
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Figure 13-10 Thumb dislocation. A, This patient’s left thumb appears normal under radial stress. B, The right thumb, which had a disruption of the ulnar collateral ligament, shows subluxation of the first metacarpophalangeal joint when subjected to the same stress.
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Figure 13-11 When this patient clenched the fist in supination, subluxation of the scaphoid (arrow) occurred.
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Figure 13-12 Fracture of the trapezial ridge. A, This routine posteroanterior view of the wrist is normal. B, A supinated oblique view shows a fracture of the trapezial ridge (arrow). C, A carpal tunnel view in the same patient also demonstrates this type of fracture (arrow).
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Figure 13-13 Carpal tunnel view showing a fracture of the hook of the hamate (arrow).




Advanced Imaging Techniques

When a diagnosis cannot be made on the basis of the routine clinical examination and plain radiographs, more advanced imaging techniques can be used to visualize the bone and soft tissue anatomy more completely. The decision to use another technique must consider the invasiveness and cost of the procedure (Table 13-1, online) as well as its specificity.

Table 13-1 Imaging Techniques Used in Diagnosing Hand Disorders: Invasiveness and Cost

[image: images]

+, $50–300; ++, $400–900; +++, >$1000.


Tomography

Plain tomography is capable of visualizing healing bone and fracture nonunion better than routine radiographs, especially in cases involving the scaphoid and hook of the hamate. This examination is noninvasive and relatively inexpensive. Computed tomography has largely replaced plain tomography in most centers. CT is more clinically useful than conventional tomography because it can obtain multiple contiguous sections with high resolution in a short time, multiplanar image reconstruction is possible, and additional information about adjacent soft tissues can be obtained. 3D reconstructions are now also available to help in planning surgery.7 CT remains the best modality for demonstrating bony architecture.8

CT is useful in evaluating complex fractures and bony lesions, providing superior detail of cortical invasion, marrow abnormalities, and matrix calcification.5,9,10 It is also an excellent means of depicting subluxations and dislocations of the distal radioulnar joint.11 In patients with metallic hardware, significant scatter often overlays the image of the bony segment. Image techniques can be manipulated to minimize this beam-hardening artifact to fine-tune visualization of the bony anatomy. The advantage of CT over conventional radiography lies in its ability to obtain transaxial images and provide excellent contrast resolution for evaluating soft tissues. This modality is also noninvasive, unless used in conjunction with contrast agents. CT exposes patients to potentially harmful ionizing radiation. With the advent of fast CT scanners, availability has led to increased radiation doses to patients.


Bone Scintigraphy

Bone scintigraphy involves the intravenous (IV) injection of 99mTc-labeled monodiphosphonate (MDP), which is preferentially taken up by bone. Flow images are generated after 60 seconds, and a nuclear medicine angiogram is obtained. Delayed images are generated after 3 hours. Areas of abnormal blood flow and bone turnover can be detected on the scan, making it useful in the evaluation of infection, AVN of the lunate, tumors, and reflex sympathetic dystrophy. It also is used to screen patients who have unexplained wrist pain (Fig. 13-14).12
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Figure 13-14 This bone scan demonstrates increased uptake in the right lunate, the right pisiform/triquetral area, and the first carpal metacarpal joint (arrow). Such findings are nonspecific. Avascular necrosis of the lunate was demonstrated on other imaging studies.



The examination is minimally invasive and moderately expensive. The poor anatomic resolution of the scan is its primary drawback. The test also is nonspecific, making it impossible to distinguish various processes that can cause increased uptake.13 The results must be carefully correlated with the clinical findings to be properly interpreted. Today, MRI has largely replaced scintigraphy in most centers in musculoskeletal imaging.14


Arteriography

Arteriography is the most specific means of evaluating vascular anatomy and pathology; it is used to evaluate aneurysms, arteriovenous malformations, tumors of vascular origin, traumatic vessel injuries, and solid tumor vascularity (Fig. 13-15).8,15 The examination is performed by threading a catheter into the brachial artery using a femoral approach, injecting contrast material, and then taking multiple radiographs. The procedure is often painful, even with the use of new nonionic contrast material. Complications include bleeding hematoma, pseudoaneurysm formation, dissection, and thrombosis. The contrast medium may cause arterial spasm, although this can be controlled with the use of vasodilators. Anaphylaxis is another potential complication when iodinated contrast material is used, but severe episodes are rare, occurring in only 1 of 40,000 cases.
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Figure 13-15 Contrast arteriogram of the wrist showing a hemangioma (arrow) in the ulnar aspect of the palm.



In the diagnosis of bone and soft tissue tumors, conventional angiography has largely been replaced with MRI and magnetic resonance angiography (MRA) to avoid potential complications.8


Arthrography

Arthrography is used to evaluate the integrity of the carpal ligaments and triangular fibrocartilage (TFC) (Fig. 13-16, online). The examination involves injecting dye into the radiocarpal, radioulnar, and midcarpal compartments, so it must be performed carefully.1 The injection of contrast material into the joint can highlight intra-articular soft tissue structures such as ligaments and fibrocartilaginous structures.16 Communication of dye between the compartments of the wrist can be caused by a clinically unimportant perforation and does not necessarily indicate pathology.17 Thus, the test results must be correlated with the clinical examination and interpreted with a great deal of caution. The examination is invasive but can be administered with minimal discomfort to the patient.
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Figure 13-16 Arthrography of the wrist. A, This normal arthrogram was obtained after injecting dye into the radiocarpal joint. No leakage into the midcarpal joint or radioulnar joint is seen. B, Leakage into the distal radioulnar joint (arrow) is evident in this patient. Clinical correlation is needed to accurately interpret this finding.



The role of arthrography had declined because of the excellent visualization of intra-articular structures by MRI.18,19 Arthrography has also been found to be only 60% accurate in detecting tears in the triangular fibrocartilage complex (TFCC), scapholunate ligament, or lunotriquetral ligament.20 Arthrography is currently used as a complement to MRI and CT to enhance the diagnostic accuracy.21


Cineradiography

Continuous radiographic imaging has many applications such as arthrography, tenography, bursography, arteriography, and percutaneous bone and soft tissue biopsy.21 Evaluation of the wrist in motion is a useful method for detecting the rigidity of a freshly fixed fracture or for dynamic carpal instability. This noninvasive and inexpensive technique is the diagnostic imaging procedure of choice for determining and documenting the presence of dynamic rotatory subluxation of the scaphoid.22 The role of MRI in this capacity is evolving but remains problematic. Dynamic MRI is a newer technique that may yield more comprehensive clinically relevant information with regard to wrist kinematics than conventional MRI.23,24


Magnetic Resonance Imaging

MRI visualizes tissue by applying a strong magnetic field with radiofrequency pulses to record differences in tissue signal intensity. A variety of magnet strengths are available from 0.2 to 3 T, with higher strengths providing greater contrast resolution.13,25 MRI provides high resolution and high-contrast tissue segmented information about the integrity of joint and soft tissue structures. It also is completely noninvasive, involves no ionizing radiation, and is able to obtain images through cast and fiberglass materials that limit the resolution of conventional radiography and CT.8 Among its minor drawbacks are its contraindications in patients with pacemakers, cochlear implants, or ferromagnetic aneurysm clips. Implanted metallic objects create “holes” and distort the images of tissues hoped to be visualized.8,21 In addition, the examination is performed with the patient lying in a narrow cylinder within the bore of a magnet, a closed space that may cause some individuals to become claustrophobic. In the event of such anxiety, IV benzodiazepam may be administered to the patient, provided that the patient can be monitored properly during sedation. Open MRIs have evolved and are advantageous in this setting. The diagnostic accuracy of low-field open scanners has been found to be comparable to that of high-field scanners.26 Evaluating a suggested pathology with MRI involves the use of multiple sequences, including T1, T2, short tau inversion recovery (STIR), and spin echo; for this reason, close communication between the orthopedist and radiologist is essential.

MRI is of great value in defining soft tissue abnormalities (Figs. 13-17 to 13-19, all online). In the evaluation of tumors, it cannot provide a specific diagnosis, but it can define the size of the lesion and the extent of involvement of marrow and neurovascular structures (Fig. 13-20, online).27 Other soft tissue abnormalities diagnosed more easily by MRI include ganglions, ligament tears, and cartilage abnormalities (Fig. 13-21).28,29 Dorsal wrist pain can be attributed to hypertrophy of the dorsal capsule as well as ganglions that may be occult and not palpable. Patients with dorsal wrist pain of unknown origin are therefore candidates for MRI evaluation. MRI is especially helpful in diagnosing tears of the scapholunate and lunotriquetral ligaments, particularly when dissociation of the scapholunate is not evident on plain films.30 Excellent depiction of the TFC can be achieved with MRI, but the image must be interpreted carefully; thinning of the disk occurs in many patients, but a tear of this structure is not diagnosed unless an avulsion from the ulnar or radial insertion can be observed.31-33
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Figure 13-17 Synovial sarcoma. A, Sagittal magnetic resonance image showing a soft tissue mass (arrow). The white object (curved arrow) is a marker (raw almond) placed over the palpable mass (straight arrow). B, Axial magnetic resonance image obtained after contrast enhancement demonstrates the mass again (arrows) and shows that the neurovascular bundle is encased by tumor.
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Figure 13-18 Infiltrating lipoma of the palm. Magnetic resonance images of the sagittal (A), coronal (B), and axial (C) planes show the extent of the lesion (arrows).
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Figure 13-19 Hemangioma. Axial magnetic resonance images through the palm show a mass between the third and fourth metacarpals (arrow). MRI is capable of depicting the extent of a soft tissue mass but cannot provide a specific pathologic diagnosis. A contrast arteriogram of this hand is shown in Figure 13-15.
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Figure 13-20 Aneurysmal bone cyst. This magnetic resonance image reveals an abnormality at the base of the second metacarpal. The fluid-filled level (arrow) is a typical finding in such cases.
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Figure 13-21 Ganglion. A, This axial magnetic resonance image demonstrates a dorsal mass (arrow) that was not palpable on clinical examination. B, Coronal magnetic resonance image in another patient showing a mass in the abductor canal (arrow).



MRA is another tool that can easily demonstrate vascular abnormalities. MRA provides detailed information about the anatomy of the small vessels that constitute the carpal arches.23 MRA is noninvasive because it does not require the use of IV contrast material (Figs. 13-22 and 13-23, both online). Rather, it relies on the property of blood flow, and special pulsed sequences are used to enhance the fluid within the vessels.21
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Figure 13-22 Magnetic resonance angiogram of a normal radial (curved arrow) and ulnar (straight arrow) artery.
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Figure 13-23 Magnetic resonance (MR) angiogram demonstrating ulnar artery thrombosis (left). (Compare with normal MR angiogram in Figure 13-22.)



Conventional radiography is still considered the first-line means of examining the wrist. More recently, CT has been used, especially for examining fractures. However, MRI has revolutionized the manner in which the orthopedic surgeon approaches diagnosis and decision making,23 although the gold standard for assessment of the wrist for pathology is arthroscopy.


Ultrasound

Ultrasound (US) uses high-frequency sound waves to produce images. The images produced are a reflection of the echogenicity of a structure, which determines its brightness on the ultrasound. Cysts and tendons have low echogenicity, whereas solid masses have high echogenicity and appear white on ultrasound. Doppler US can image motion and has been used routinely for imaging blood vessels.13,25

US is noninvasive, does not emit ionizing radiation, is readily available, and has high patient acceptance.18 The two major indications for US are muscle injuries and tendon lesions. Joint effusions, ganglia, and ruptures of larger ligaments (not interosseous carpal ligaments) can be observed. Dynamic US can be used to view tendon movements. Nonorthogonal scanning, however, can produce hyperechoic zones mimicking partial tendon tears or tendinitis.7

The use of US has been limited mainly because of the inability to penetrate bone and view osseous pathology. US is also operator-dependent, involves long examination times, and produces static images that may be incomprehensible when viewed at a later time.18,25 The accuracy and reliability of US for detecting ganglions, solid lesions, tenosynovitis, and tendon lesions are limited.34,35


Clinical Applications


Extensor Tendons

The extensor tendons are contained in six dorsal compartments numbered from the radial (I) to ulnar (VI) sides of the wrist. Lister’s tubercle separates compartments II and III. Extensor disorders outside of compartments I or VI are rare; thus, fluid in multiple compartments usually represents synovitis and is often a marker for an inflammatory arthritis such as rheumatoid arthritis.

More commonly, the tendons of compartment I (abductor pollicis longus and extensor pollicis brevis tendons) are affected with stenosing tenosynovitis. This disorder is termed de Quervain’s disease and is related to overuse. It is more common in women and also may occur as a complication of pregnancy. Patients typically present with pain radiating from the radial styloid to the thumb and proximally into the forearm. Pain is increased with passive movement of the thumb and swelling or tenderness over the first dorsal compartment of the wrist. This disorder usually is diagnosed clinically. On MRI, fluid within the tendon sheath is increased, and the tendons themselves, which may show increased intrasubstance signal, are enlarged. On coronal images, there is focal obliteration of the adjacent subcutaneous fat and intense synovial enhancement following gadolinium administration. This stenosing tenosynovitis is analogous to adhesive capsulitis in the shoulder.

Compartment VI contains the extensor carpi ulnaris (ECU) tendon, which is another common site for disorders such as synovitis or tenosynovitis. ECU subluxation may occur, which can lead to synovitis or intrasubstance tears; thus, dynamic imaging may be performed to confirm the diagnosis. It should be recognized that artifactual increased signal within the ECU is commonly seen, which may represent subclinical degeneration or normal fascicular anatomy.


Ligament Injuries and Carpal Instability

The ligamentous anatomy of the wrist is complex because of the stabilization required for the numerous carpal bones and extensive range and axes of motion in this joint. The intrinsic carpal ligaments connect the carpal bones to each other, and the extrinsic ligaments connect the carpus to both the radius and ulna and to the metacarpals. The extrinsic ligaments are more important for overall carpal stability and have a complex nomenclature. In general, tears of the extrinsic ligaments are less common and more difficult to diagnose than intrinsic ligament tears. Ligaments can be injured by trauma or by inflammatory processes such as rheumatoid arthritis (RA).

The two main intrinsic ligaments of the wrist are the scapholunate (SL) and lunatotriquetral (LT) ligaments. SL ligament tears may be spontaneous, secondary to a fall on an outstretched hand, or associated with the subtypes of carpal instability. LT ligament tears also can be spontaneous or posttraumatic. LT tears are not uncommonly associated with instability patterns of the wrist and also have a high association with TFC tears.

Mechanically, both the SL and LT ligaments are divided into three portions: dorsal, volar, and central. The central or membranous portion is thin, whereas the dorsal and volar portions are thicker with individual fascicles usually visible. Membranous tears can cause pain but are biomechanically unimportant. The dorsal and volar aspects of these ligaments are more important to the mechanical stability of the carpus. The dorsal SL ligament is the more significant portion that helps prevent dorsal intercalated segment instability (DISI), whereas the volar portion of the LT ligament is vital to prevent volar intercalated segment instability (VISI).

The carpal ligaments are best visualized on thin-section 3D gradient recalled echo (GRE) MR sequences in the coronal and axial planes. They appear as signal voids bridging the carpal bones. Ligament strains can be diagnosed if the signal is abnormal or the structure is attenuated. Discontinuity, complete absence, and increased intercarpal distances are findings compatible with ligament tears. The best finding for an intrinsic tear is fluid violating the space extending from the radiocarpal to the midcarpal joints. Normally, the ends of the lunate, scaphoid, and triquetrum should appear smoothly rounded. The presence of osteophytes is abnormal and often is caused by biomechanically incompetent ligaments, usually resulting from partial dorsal or volar aspect tears. The presence of marrow edema, subchondral sclerosis, or other signs of focal articular disease should suggest ligament dysfunction. Focal offset of two adjacent carpal bones and the lack of the normal articular parallelism also are signs suggestive of ligament dysfunction. Remember that perforation of the SL or LT ligament occurs with aging; thus, in a patient older than 35 to 40 years, a tear should be diagnosed only if the ligament is morphologically abnormal.

The diagnosis of many patterns of carpal instability can be established by routine radiographic findings. The lateral projection is useful in evaluating both DISI and VISI. In DISI, the lunate is tilted dorsally, with the scaphoid displaced vertically. The angle of intersection between the main longitudinal axis (along the radius, lunate, capitate, and third metacarpal) and the long axis of the scaphoid is greater than 60 degrees where it should normally be 30 to 60 degrees. The radioscapholunate ligament should be evaluated for tears. This injury is typically degenerative in origin and is thought to be the sequela of trauma to the outstretched hand in a young adult. In VISI, the lunate is flexed toward the palm, and the angle between the two longitudinal axes is less than 30 degrees. Note that this finding may be normal if bilateral and in a young female patient. VISI is less common than DISI overall. Most cases are thought to be degenerative in origin, although there is an association with RA. These patterns must also be carefully interpreted on sagittal MRI as the lunate may appear more dorsally tilted, mimicking a DISI pattern in otherwise normal wrists.36

The evaluation of these ligaments for abnormalities has been challenging. In the past, evaluation was limited to conventional arthrography. Proponents state that wrist arthrography has the potential to provide an equivalent diagnostic evaluation to arthroscopy, provided the technique is meticulously followed and the operator possesses fundamental knowledge regarding anatomy and age-related changes of the wrist.16 With advanced imaging techniques, such as MRA, the extrinsic and intrinsic ligaments can easily be seen.37

Advanced cases of carpal instability are obvious on routine radiographic studies. Subtle instability may require advanced imaging. Yet there has been a discrepancy in the literature about the sensitivity and specificity of MRI in detecting intrinsic ligament tears.19,38,39 Recently, CT arthrography was found to have high sensitivity and specificity in detecting interosseous ligament injuries.40,41 Schmid and colleagues41 compared CT arthrography with MRI and found the sensitivity, specificity, and accuracy of MRI to detect palmar and central tears of the SL and LT ligaments to be less than 80%. The volar portion of the ligament had a sensitivity and specificity of 0 and 100, respectively. CT arthrography was better at detecting these ligament injuries. Accurate visualization of the interosseous ligaments has also been established with MR arthrography.37,42 Haims and coworkers43 discovered improved sensitivity in detecting SL ligament tears with indirect MR arthrography over unenhanced MRI.


Carpal Fusion

Carpal fusion or coalition is clinically important because it places the patient at a somewhat higher risk for carpal instability and secondary SL ligament tears. There are three types of carpal fusion:

1. Congenital: Isolated fusions involve bones of the same carpal row, whereas syndrome-related fusions may affect bones in different rows (both proximal and distal). LT and capitate–hamate are the most common types of isolated fusion, although fusion may occur in almost any combination. LT fusion may be asymptomatic, but widening of the scapholunate interosseous space may be seen radiographically. Partial fusions may be associated with pain and cystic changes in the adjacent bones. Massive carpal fusion, which affects both carpal rows, is associated with congenital syndromes and chromosomal anomalies (e.g., Turner’s, Holt–Oram, Ellis–van Creveld).

2. Surgical or post-traumatic.

3. Inflammatory: Pericapitate fusions are seen in adult Still’s disease.


Triangular Fibrocartilage Complex

The most common internal derangement of the wrist involves the TFCC, which consists of the triangular fibrocartilage, the meniscal homologue, the ulnolunate and ulnotriquetral (volar ulnocarpal) ligaments, and the extensor carpi ulnaris tendon. The TFC is a biconcave fibrocartilage band that normally appears dark on all MRI sequences and is surrounded by higher-signal synovial fluid or hyaline cartilage. Its function is similar to that of the menisci in the knee. The TFC arises from the ulnar aspect of the distal radius and extends to the junction between the ulnar head and styloid process, adjacent to the meniscal homologue. The meniscal homologue at the ulnar edge of the TFC is made up of fibrofatty tissue that appears as high signal on T1-weighted and proton-density images in contrast to the low-signal TFC. Many authorities currently believe that the homologue is not a fibrofatty structure, but rather fat interposed between the extrinsic ligaments at the ulnar aspect of the wrist. The meniscal homologue should never appear similar to fluid on T2-weighted images.

The TFC is best demonstrated on coronal images, especially on thin-section 3D-GRE sequences. A suggested tear of the TFC is a common indication for MRI examination of the wrist. These tears are divided into degenerative and traumatic types.44

Degenerative tears are much more common and are often termed central tears. These occur in the thinnest portion of the TFC, which is central but slightly eccentric toward the radial aspect of this structure. Traumatic tears occur after a discrete injury and usually are located at the ulnar or radial side of the TFC. Traumatic tears tend to be perpendicular to the long axis of the TFC and are associated with fluid in the distal radioulnar joint (DRUJ) and, to a lesser degree, with excessive fluid in the radiocarpal joint. TFCC tears can be partial or full thickness. Ulnar-sided tears may be in the region of the meniscal homologue. It is these traumatic TFC tears that are most easily missed on MRI. High-signal intensity in this region on T2-weighted sequences is the most reliable finding (Fig. 13-24, online). Any fluid at the periphery of the TFCC on T2-weighted images that is not in the prestyloid recess or ECU tendon sheath should be described as a peripheral tear. TFCC tears are typically associated with LT, and less frequently, SL ligament tears.
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Figure 13-24 Coronal magnetic resonance image showing an avulsion of the triangular fibrocartilage complex from its attachment to the ulna (arrow).



Although the TFC is usually low in signal on all pulse sequences, increased internal signal may sometimes be seen on GRE or T1-weighted images. This represents degeneration of the TFC and not a true tear. This degenerative signal is globular, is hypointense to cartilage, and does not extend to both sides of the TFC. Another diagnostic pitfall is the line of high-signal hyaline cartilage seen at the insertion of the TFC onto the radius, which can be mistaken for a tear. True radial-sided tears are rare. They usually are caused by acute trauma and consist of a radial avulsion of the TFC with increased signal intensity on T2 images. Furthermore, TFC slit-like communicating lesions can be found in asymptomatic wrists.45 Tears should be seen on at least two pulse sequences.

Multiple reports have emerged on the accuracy of current modalities in imaging the TFCC. MRI has been found in one report to have limited utility in imaging the peripheral attachment of the TFCC, with sensitivity and specificity of 17% and 79%, respectively.43 A high signal intensity at the ulnar insertion was found to have low sensitivity and specificity as a marker for a peripheral tear. Blazar and associates46 discussed the fact that MRIs coming in to most hand surgeons’ practices are heterogeneous and not obtained in a standardized fashion, having been done at various locations. Less experienced radiologists also were found to have lower sensitivity, specificity, and accuracy in predicting a tear and its location. Potter and colleagues47 found higher accuracy rates, but images were obtained using a standardized protocol. MR arthrography has also been evaluated as a potential modality to increase the prediction of TFCC injury. Haimes and coworkers48 compared indirect MR arthrography with unenhanced MRI and found no improvement in the ability to evaluate central tears of the TFCC. Direct MR arthrography, on the other hand, found improved sensitivities, specificities, and accuracy over unenhanced MRI and conventional arthrography, and the highest rates when combining MR arthrography with conventional arthrography.49 In another study, CT arthrography was highly accurate in detecting central TFC tears but not peripheral tears.40


Distal Radioulnar Joint: Instability, Ulnar Variance, and Impaction Syndrome

There are four types of problems affecting the DRUJ: incongruity, instability, impaction, and isolated tears of the TFC.50 The presence or absence of each can be confirmed by using the various imaging techniques in a logical sequence.

Joint incongruity is evaluated on plain PA radiographs, which can demonstrate irregularity, sclerosis, spurs, and erosions of the articular surface of the sigmoid notch of the radius and ulnar head (Fig. 13-25). Instability is caused by a deficiency of the fibrocartilaginous support structure of the DRUJ, which can be determined on the basis of the clinical examination. Plain radiographs taken with the patient properly positioned will confirm the diagnosis if subluxation or dislocation of the ulnar head within the sigmoid notch of the radius is shown (Fig. 13-26). CT or MRI also can confirm the subluxation or dislocation by demonstrating the orientation of the DRUJ in the axial plane.11,51
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Figure 13-25 Incongruity of the distal radioulnar joint. Narrowing of the normal cartilage space (arrow) demonstrates loss of the articular cartilage.
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Figure 13-26 Lateral view of the wrist showing dorsal subluxation of the ulna after trauma.



Ulnar variance refers to the relationship between the distal ulna and radius, excluding their respective styloid processes. Normally, the articular surfaces of these bones are aligned. Changes in the length of the ulna relative to that of the radius alter the compressive forces across the wrist. In positive ulnar variance, the ulna is longer than the adjacent articular aspect of the radius, and with negative variance the ulna is shorter. Any variance greater than 2.5 mm is biomechanically significant. Ulnar variance can be viewed with conventional radiography using both neutral rotation and pronated grip PA radiographs.52 Ulnar variance may be difficult to accurately assess on MRI, other than to describe the relationship between the ulna and the sigmoid sulcus of the radius. Negative ulnar variance is weakly associated with Kienböck’s disease. Positive ulnar variance is associated with degenerative type TFC tears due to mechanical erosion.

Positive ulna variance can eventually lead to impaction of the lunate by the ulna with or without a degenerative TFC tear (Fig. 13-27). This is known as ulnalunato abutment syndrome, or ulnar impaction syndrome. This also may affect the triquetral bone of the carpus. On MRI, abutment is manifested by cartilage loss of the lunate with resultant marrow edema, subchondral cysts and eventual subchondral sclerosis. Cartilage defects are best seen on high-resolution images, whereas the sclerosis is seen as low signal on T1- and T2-weighted sequences. GRE sequences often accentuate this dark signal. Characteristic focal signal changes are seen at the proximal ulnar aspect of the lunate, and often the triquetrum.53
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Figure 13-27 Positive ulnar variance of the distal radioulnar joint seen in this posteroanterior view has resulted in impaction of the ulna into the lunate. The sclerosis indicates a chronic bone reaction to this trauma. Loss of the articular cartilage also is evident.




Avascular Necrosis

AVN is common in the wrist. It may be the result of overuse, occur spontaneously, or be secondary to local trauma or systemic disease. Examples of systemic processes that can lead to AVN include steroid usage and systemic lupus erythematosus (SLE).

An example of AVN related to overuse occurs in the lunate and is termed Kienböck’s disease. Repetitive microtrauma is thought to be the major cause, although it may occur after a single major traumatic event. The dominant extremity is usually affected, and young males are more commonly affected than females. The blood supply to the lunate is tenuous because most of this bone is covered with hyaline cartilage. The proximal aspect of the lunate is most vulnerable to injury, and if AVN involves only one part of the bone, it affects the radial side. Kienböck’s disease also is associated with negative ulnar variance. The MR staging of Kienböck’s disease (modified from plain film staging) is as follows:

Stage 1: Normal contour of the lunate, with a radiolucent or radiodense line representing the compression fracture; fracture is seen as a zone of decreased T1 signal

Stage 2: Resorption of bone along the fracture line

Stage 3: All of the changes of stages 1 and 2, plus sclerosis of the bone; necrotic bone has variably decreased T1 signal

Stage 4: Fragmentation or flattening of the lunate

Stage 5: Secondary osteoarthritis of the radiocarpal and intercarpal joints; fragmentation and decreased T1 signal of the lunate combined with osteophyte formation, subchondral sclerosis, or edema involving the adjacent articular surfaces; often an associated joint effusion

Because of its anatomic specificity, MRI is capable of demonstrating marrow abnormalities caused by AVN, and it can reveal these changes earlier than is possible with bone scintigraphy (Fig. 13-28).29,54-57 Bone islands have a similar appearance on MR images, so the results must be correlated with plain films. The imaging findings of Kienböck disease show marrow replacement, best assessed on the T1-weighted images as decreased signal.29,54-57 The T2 appearance varies somewhat but usually shows increased signal. As with all cases of AVN in the wrist, the classic “double-line” sign is rarely seen. The surrounding soft tissues are usually normal, and a joint effusion is variably present.
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Figure 13-28 Magnetic resonance image demonstrating a scaphoid fracture (disruption in the black cortical line at the thin arrow). The marrow of the scaphoid is relatively darker (thick arrow), indicating edema from the fracture.



Post-traumatic AVN may be seen in any carpal bone; however, it is most common in the scaphoid. The proximal pole of the scaphoid is affected by AVN secondary to a disruption in the blood supply. The proximal pole is fed from the terminal branches of the artery entering the distal pole and passing through the middle segment of the scaphoid. A scaphoid waist fracture may disrupt this supply, and AVN may result in up to 60% of cases. The risk of AVN increases as the fracture becomes more proximal. Fractures that have a visible step-off also have a higher risk of AVN. On MRI, the proximal pole of the fractured scaphoid may show decreased bone marrow signal on T1 images. The contour of the cortex may become indistinct and irregular subsequent to collapse. MRI also can show reactive changes in the distal fracture fragment, with AVN rarely occurring here. Again, the double-line sign on T2 images is rarely seen. An acutely “negative” MR for scaphoid AVN is unreliable because false-negative results can occur up to 1 to 2 months. Gadolinium-enhanced MRI may better assess the proximal pole vascularity and is currently considered the best technique.58 The proximal pole can appear hypointense on a T1-weighted image and hyperintense on a proton-density–weighted fat-suppressed image, resembling a necrotic proximal pole; but a gadolinium-enhanced T1-weighted fat-suppressed MRI can show some vascularized tissue within the fragment. This could represent spontaneous revascularization, or may be some unspecific reactive inflammatory tissue originating from the nonunion site. Also, if the fatty content of the proximal pole appears normal, then the absence of enhancement with gadolinium does not indicate AVN.

Spontaneous or idiopathic AVN occurring in the scaphoid is termed Preiser disease. Preiser disease demonstrates complete marrow replacement on T1-weighted images, with typical edema on T2-weighted images. Associated ligamentous injury is uncommon, as is collapse. The capitate bone is the third most common carpal bone to undergo AVN, but this occurs rarely, and when it does, is usually spontaneous in origin.


Carpal Tunnel Syndrome

The carpal tunnel is bounded by the concave volar surface of the carpus in continuity with the flexor retinaculum, which extends from the trapezium to the hook of the hamate. It consists of the eight flexor digitorum tendons [flexor digitorum superficialis (FDS) and flexor digitorum profundus (FDP)], the flexor pollicis longus tendon, and the median nerve.

Carpal tunnel syndrome (CTS) is a common syndrome characterized by pain, paresthesias, and weakness in the distribution of the median nerve. It is bilateral in 50% of cases and may be associated with repetitive mechanical activity, such as typing. Other causes of CTS include tenosynovitis, RA, amyloidosis, infection, mass (intrinsic or extrinsic), pregnancy, or developmental anomalies. Diagnosis is usually made clinically and confirmed with electromyography (EMG) examinations.

MRI plays a limited role in the examination of patients with possible carpal tunnel disease. By and large, the diagnosis of this problem should be reached clinically, but MRI may be used occasionally if the symptoms derive from a soft tissue mass or an infection within the carpal tunnel.59,60 Indications for wrist MRI include atypical symptoms, a lack of EMG findings, high clinical suspicion for a mass, young patient age (possible congenital anomalies), and recurrent symptoms in postoperative patients.

On MRI, the flexor retinaculum is normally taut to minimally convex, the median nerve is of uniform size (4 × 2 mm) and ovoid in shape with signal isointense to muscle, and the flexor tendons are not distinguishable from one another on T2-weighted sequences. MRI findings of CTS include volar bowing of the flexor retinaculum, synovitis of the tendon sheaths within the carpal tunnel, focal enlargement of the median nerve at the level of the pisiform, and increased signal of the nerve itself. The median nerve may alternatively appear flattened. Note that these findings are nonspecific in the absence of symptoms. High signal within the median nerve is the least reliable sign and is often seen in asymptomatic individuals. Mild bowing of the flexor retinaculum may be physiologic; thus, CTS should not be suggested unless this finding is marked. Masses rarely cause CTS, but the search for masses must be diligent. Ganglion cysts, lipomas extending from the thenar or hypothenar eminences, or focal amyloid deposition may be causative lesions. A dedicated extremity MRI may be a cost-effective way to make this diagnosis.

In postoperative patients, it is important to check for incomplete lysis of the flexor retinaculum. Although the retinaculum may have been completely incised at surgery, it may regrow and appear intact. Assessment for recurrent or residual masses or recurrent synovitis also should be performed. Postoperatively, the flexor tendons migrate volarly, and the median nerve usually regains normal size and signal.


Ulnar Nerve Compression (Guyon’s Canal)

Compression of the ulnar nerve also may occur at the wrist, resulting in tingling and pain along the hypothenar region and ulnar side of the fourth and fifth fingers. The ulnar nerve, along with the ulnar artery and vein, travels within Guyon’s canal. This space lies superficial to the retinaculum of the carpal tunnel, adjacent to the hook of the hamate. Processes that affect or extend into this space may cause the characteristic symptoms.

Guyon’s canal is formed on the medial side by the pisiform and flexor carpi ulnaris muscle and on the lateral side by the hook of the hamate. The splitting of the flexor retinaculum forms the roof of Guyon’s canal. Within the canal lies the ulnar nerve, ulnar artery, and vena comitans.61 Pain in the ulnar aspect of the palm may be caused by a pathologic condition in the canal and may involve the hook of the hamate, pisiform, ulnar artery or vein, or ulnar nerve. A tumor such as a lipoma or ganglion that extends into or arises within the canal also may cause symptoms by compressing any of these structures.

Fractures involving the hamate or pisiform may be difficult to visualize on plain films and are best evaluated on a carpal tunnel view or CT scan. An anteroposterior oblique view also should be obtained to assess the possibility of pisotriquetral arthritis. Pisotriquetral arthritis may be idiopathic or the result of a fracture. MRI is the best option for examining vascular and other soft tissue structures. Routine MRI and MRA can definitively establish vessel patency noninvasively.

As with CTS, MRI may reveal masses, most commonly ganglion cysts or inflammatory changes within Guyon’s canal. Compression of the ulnar nerve most commonly results from fibrous bands, which may not be visualized on MRI. Beware of looped ulnar vessels, which may mimic ganglia in this region.


Arthritis

Several types of arthritis affect the wrist, including osteoarthritis (OA), RA, crystal deposition diseases (most notably gout and calcium pyrophosphate deposition disease), and hemochromatosis. The presence of cysts and the specific distribution of disease can be helpful in differentiating the various types of arthritis.

Because the wrist is a non-weight-bearing joint, OA is usually secondary to other processes, such as prior trauma, inflammatory arthridites (RA), or infection. The radial distribution of OA is well recognized, with changes usually confined to the first carpometacarpal joint and the trapezioscaphoid space of the midcarpal joint. Clinical symptoms include pain, restricted movement, and instability. Increasing radial subluxation of the metacarpal base, narrowing of the interosseous space, sclerosis and cystic change of the subchondral bone, and osteophytosis is seen radiographically. Changes of OA on MRI are characterized by joint space loss, subchondral cyst or geode formation, and bony production manifested by subchondral sclerosis and osteophyte formation.

Focal arthritis also may occur secondary to a type II lunate or in the scapholunate advanced collapse (SLAC) wrist. OA at the base of the first metacarpal often demonstrates marked proliferative change, with large osteophyte production and synovial cysts that can sometimes mimic masses on MRI. This form of OA also can mimic a subluxation because the osteophytes may appear to displace the base of the first metacarpal radially. OA about the scaphoid is common and is not usually related to instability; however, this type of OA can be the sequela of a ligament tear or instability, particularly if the arthritis is focal. Usually, this focal type of arthritis occurs as the result of an SL or LT ligament tear.

The SLAC wrist may occur as a complication in patients with long-standing SL ligament tears and secondary widening of the SL interval. Proximal migration of the capitate is present, leading to focal arthritis at the capitoscaphoid and capitolunate joints. On MRI, the SLAC wrist demonstrates cartilage loss and subtle marrow edema at the distal central SL joint and the proximal capitate. The SLAC wrist may lead to CTS because of the shortening of the carpal tunnel with an infolding of the median nerve.

The last subtype of OA occurs in patients with a type II lunate. In this variant, an extra facet of the lunate articulates with the hamate. This is a common finding, occurring in approximately half of affected individuals. Accelerated cartilage loss with underlying marrow edema may be seen as the sequelae of the type II lunate. Frank OA may appear at the lunatohamate junction. The edema from the cartilage loss in this entity may mimic AVN or stress fractures of the hamate.

The next most common type of arthritis to affect the wrist is RA. RA has certain characteristic sites of involvement in the wrist, including the ulnar styloid (secondary to extensor carpi ulnaris synovitis) and the first and second MP joints. The cartilage loss in RA presents as diffuse, symmetrical joint space loss in contrast to the focal changes seen in OA. Joint effusions are common, with marked synovial proliferation (pannus) often seen. This pannus mimics fluid on T2-weighted images but may also demonstrate low signal secondary to ferritin deposition. The number and size of erosions, as well as the volume of pannus, are good markers for rheumatoid activity. These findings may be used to assess the effectiveness of medical intervention in this disease.

Calcium pyrophosphate deposition disease (CPPD) often affects the wrist. Usually, calcification is seen in the TFC, but it also may affect the SL and LT ligaments. Capsular calcification also can occur, but this type of calcification is usually senile or related to hyperparathyroidism caused by renal failure. On MRI, it may be difficult to see the calcifications of CPPD. This is because the TFC is normally low in signal intensity; therefore the signal void of calcification does not show up against it. Occasionally, the calcifications may appear bright, particularly on intermediate-weighted images. Calcifications may mimic a TFC, SL, or LT ligament tear because of the artifactual junction between the low signal calcification and the higher signal of a degenerated, but not torn, ligament.

The urate crystal deposition of gout tends to be low in signal on T1- and T2-weighted images. Sharply marginated erosions usually are seen, and pancarpal involvement often occurs, with variably sized lesions of high signal on T2-weighted images. Diseases with similar signal characteristics include amyloidosis, synovial chondromatosis, and pigmented villonodular synovitis (PVNS). All of these entities also show variable, but often significant, susceptibility artifact. Of note, some types of productive OA can occasionally have a peculiar appearance, which may mimic gout or PVNS. Last, the arthritis resulting from silicone implants also can have a similar appearance to this group of disorders.


Fracture

Most displaced wrist fractures can be adequately assessed by plain film. Frontal and lateral views are routine projections, with radiographs obtained during radial and ulnar deviation helpful in the evaluation of the carpal bones. In addition to evaluation for carpal fracture, the orientation of the carpal rows and the intercarpal relationships are important in the assessment of carpal instability. Fractures of the scaphoid are most common, with classification and prognosis for healing or complications based on the location of the fracture line and displacement of the fracture. Isolated fractures of the triquetrum (dorsal surface), lunate, and hamate are less common but also are seen.

The most commonly suggested occult fracture of the wrist involves the scaphoid. In the clinical setting, advanced imaging is often required because scaphoid fractures are difficult to visualize on routine radiographs. Proper radiographic evaluation of the scaphoid has been proposed as requiring four views: a PA in ulnar deviation with fist position, a lateral view, and oblique views with 60 degrees of pronation and supination.62 In the past, scintigraphy, routine tomography, and CT had been used to examine occult fractures, but even in cases with negative CT or tomographs, patients often were treated as if a true fracture were present, if the clinical suspicion was high enough. Treatment was withdrawn if follow-up radiographs remained negative.

More recently, MRI has become the test of choice to assess for the presence of a scaphoid fracture, having been found to have sensitivity and specificity of 95% to 100%, with 100% interobserver agreement.63 In patients in whom scaphoid fractures are clinically suggested, MRI can clearly demonstrate the abnormality, which appears as a dark, linear fracture line on T1-weighted images. It also has the advantage of showing other associated occult fractures, usually involving the triquetrum or distal radius. The MRI protocol should include coronal T1 and STIR images. If the STIR images are negative, a fracture can be confidently excluded. Many patients with suggested scaphoid fractures have only soft tissue injuries, including collateral ligament tears, peripheral TFCC tears, radial TFCC avulsions, and SL or LT ligament tears.

Other imaging modalities used to detect scaphoid fractures, such as scintigraphy and CT, are also used and may be necessary in patients who are unable to have an MRI. CT and conventional radiography have been compared in detecting displacement of scaphoid fractures greater than 1 mm.64 Radiography had low sensitivity (52%) because of its inability to detect volar/dorsal displacement. Likewise, CT had difficulty detecting radial/ulnar displacement (sensitivity 49%). Scintigraphy was found to detect bony abnormalities more frequently than CT, although patients preferred CT since there is less of a time requirement.65 The sensitivities and specificities of MRI compared with scintigraphy in detecting occult scaphoid fractures at 19 days from injury have been found to be 100% and 100% for MRI, respectively, and 83% and 95%, respectively, for scintigraphy.66 Finally, when MRI is compared with CT, MRI is better able to detect trabecular involvement, whereas CT more reliably detected cortical involvement.67

Occult fractures may occur elsewhere in the wrist, but they are much less common and have infrequent complications. Triquetral fractures are the second most common carpal fracture, but they rarely require advanced imaging for diagnosis. The third most common carpal bone fracture involves the hamate. Hamate fractures usually occur either dorsally or involve the hook, with both areas often difficult to visualize radiographically. Thin-section axial CT images through this area may be required to diagnose a fracture. On MRI, hook of the hamate fractures are best evaluated on axial images, and they are clinically important because of the proximity to Guyon’s canal and the possibility of ulnar nerve impingement. Even though lunate fractures are rare, AVN is a common complication (similar to the scaphoid). Some cases of Kienböck’s disease likely result from this post-traumatic scenario. Occasionally, cysts in the lunate may mimic fractures.

Bone bruises are intimately related to occult fractures, and differentiating the two by MRI alone can be difficult. Bone bruises should be diffuse, have little articular or cortical extension, and show no obvious fracture line. In the wrist, however, occult fractures may be present with these findings alone. Bone bruises, although they may be symptomatic, heal spontaneously in 8 to 10 weeks without treatment and have no known sequelae. Occult fractures, on the other hand, are true fractures and may go on to nonunion and the other typical complications. It is our philosophy that in the hand and wrist, abnormalities seen on both T1 and STIR (or fat-suppressed T2 images) represent true fractures. Those injuries with abnormalities on STIR sequences only should be termed bone bruises.

Lunate fractures, proximal capitate fractures, and hook of hamate fractures may occur because of stress injuries; however, stress fractures are much less common in the upper extremity than the lower extremity. The differentiation of an acute traumatic fracture from a stress fracture is made on the basis of time. An acute traumatic fracture occurs at one specific episode of time, but a stress fracture has no discrete episode leading to it. In general, stress fractures are more common in the lower extremities, but they can occur in the wrist, especially in active sports participants. Before a stress fracture occurs, there is the normal physiologic response of the bone to attempt to remodel (Wolff’s law). This remodeling might be visible on MRI as subtle areas of marrow edema. The stress response may be painful and can show uptake of moderate intensity on bone scintigraphy. The stress response can be thought of as a bone bruise, which can be a self-limited condition that heals spontaneously once the causative activity is stopped. If this activity continues, a fatigue-type stress fracture may result. This occurs in normal bones undergoing abnormal stresses. In older individuals, insufficiency-type fractures may occur when injury is due to normal stresses applied to abnormal underlying bone (usually as a result of osteoporosis).


Nonunion

Nonunion or delayed union occurs when a fracture does not heal within the first 6 months following the injury. Delayed union refers to complete healing occurring after a significant time interval, but healing never occurs in nonunion. Systemic diseases such as alcoholism, pancreatitis, cirrhosis, and malnutrition all contribute to delayed union. Nonunion is usually related to the type and location of the fracture and whether it was immobilized adequately or not. In particular, scaphoid fractures have a relatively high incidence of nonunion. Scaphoid nonunion may be fibrous, cartilaginous, or synovial (pseudoarthrosis).

Untreated occult fractures of the scaphoid that become nonunions can develop cystlike defects seen on conventional radiographs, often misreported as plain cysts.68 Advanced imaging is appropriate for patients with persistent wrist pain and negative plain radiographs in whom an occult scaphoid fracture is suggested. On MRI, a fibrous nonunion demonstrates low signal on T1- and T2-weighted images. Because this appearance is similar to the MRI characteristics of some united fractures, only the presence of motion on physical examination can definitely define nonunion. Evaluation with thin-section CT may be a helpful adjunct in evaluating for subtle bony bridging. Motion at a site of nonunion is indirectly visible on MRI as high T2 signal about the fracture. This perifractural edema is either a sign of healing or abnormal motion, and distinguishing between the two can be difficult. In small bones, this edema is more likely secondary to pathologic motion. Cartilaginous nonunion shows intermediate T1- and T2-weighted signal and also can demonstrate motion or edema around the fracture line. The presence of synovial fluid in the fracture line after 6 months indicates a pseudoarthrosis or synovial nonunion. To diagnose a pseudoarthrosis on MRI, the fluid at the fracture site should be differentiated from the perifractural edema of healing by using heavily T2-weighted images. The granulation tissue of normal fracture healing fades on these long TE (time to echo) images.


Masses

The most common mass in the wrist is a ganglion. Occasionally, these can extend intraosseously, typically into the lunate. Ganglia are often signs of an internal derangement and may be a cause of pain if occult. The second most common wrist mass is a lipoma, characteristically located in the thenar or hypothenar eminence. Within the hand, tendon sheath fibromas and giant-cell tumors of the tendon sheath may occur. Distally, masses may occur in the tuft of the digits. These include glomus tumors, foreign body granulomas, paronychia, or felons. MRI is the preferred modality for imaging soft tissue masses in the extremities.69


Dorsal Wrist Pain

Dorsal wrist pain may be caused by pathology in the extensor tendon compartment, dorsal wrist capsule, or bony structures.


Bony Structures

Evaluation of the bony structures begins with routine plain views. If the bone density is increased, advanced Kienböck’s disease is a possibility; otherwise, early AVN of the lunate must be ruled out. Bone scintigraphy is then performed and, in Kienböck’s disease, may show decreased uptake within the first 48 hours and then increased uptake as the bone repairs. Bone scintigraphy is nonspecific, however, and demonstrates increased uptake wherever bone turnover is increased, such as in joints with synovitis. It also provides poor anatomic resolution and does not effectively distinguish between the joint space and the bone. MRI provides far greater resolution than bone scintigraphy in the evaluation of AVN. It also can reveal pathology of the bone vascularity earlier than any other imaging techniques (Fig. 13-29).
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Figure 13-29 Avascular necrosis of the lunate (arrow). Coronal magnetic resonance image shows a dark area in the marrow. The corresponding nuclear medicine scan is seen in Figure 13-14.




Dorsal Capsule

Hypertrophy of the synovium of the dorsal capsule may be clinically indistinguishable from other causes of dorsal wrist pain, but MRI can provide a definitive diagnosis because of its excellent resolution of soft tissue structures (Fig. 13-30, online).
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Figure 13-30 This patient’s dorsal wrist pain was caused by hypertrophy of the dorsal capsule (arrow), seen in this sagittal magnetic resonance imaging (MRI) scan. MRI is useful in distinguishing this condition from avascular necrosis of the lunate.




Summary

Disorders of the hand and wrist can be complex. Plain radiography is a standard imaging technique for many disorders, yet advanced imaging with bone scan, computed tomography, and magnetic resonance imaging may be necessary for evaluation. Advanced imaging provides the ability to identify painful conditions such as occult fractures and avascular necrosis in a more timely fashion. Accurate assessment of fracture alignment and healing is possible. Visualization of important soft tissue structures can also be detected. Cost–benefit aspects should be considered as well to prevent unnecessary use of more costly imaging modalities. Finally, imaging modalities provide information that allow health care workers to have knowledgeable discussions with patients and help provide direction for appropriate treatment options.
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Diagnostic Imaging of the Shoulder and Elbow
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SUMMARY







CRITICAL POINTS

Shoulder Ultrasound Applications

▪ Rotator cuff integrity assessment (especially post arthroplasty)

▪ Evaluation and fenestration of rotator cuff calcific tendinosis

▪ Evaluation of rotator cuff muscle atrophy

▪ Dynamic imaging of impingement

▪ Assessment of glenohumeral effusion

▪ Guided subacromial-subdeltoid bursal or joint injection

Elbow Ultrasound Applications

▪ Evaluation and treatment of medial and lateral epicondylitis

▪ Dynamic assessment of medial and lateral collateral stabilizers

▪ Ulnar and posterior interosseous nerve impingement assessment

MRI Contraindications*

Absolute

▪ Cardiac pacemaker/implantable cardiac defibrillators

▪ Ferromagnetic CNS clips

▪ Orbital metallic foreign body

▪ Electronically, magnetically, and mechanically activated implants

Relative

▪ Prosthetic heart valves

▪ Foreign bodies in non-vital locations

▪ Infusion pumps/nerve stimulators

▪ Cochlear and stapedial implants

Shoulder MRI Applications

▪ Rotator cuff pathology

▪ Labral/capsular injury (best using direct MR arthrography)

▪ Rotator cuff interval lesions

▪ Muscle and other tendon tears

▪ Occult fracture/bone bruise

▪ Osseous and soft tissue neoplasms

▪ Infection

Elbow MRI Applications

▪ Occult fracture/bone bruise

▪ Cartilage injury

▪ Osteochondritis dissecans—evaluation of stability

▪ Medial and lateral collateral ligament injury

▪ Muscle and tendon tears around the elbow including epicondylitis

▪ Osseous and soft tissue neoplasms

▪ Infection



* This is not intended as a complete list, but rather as a guide to MR contraindications. In individual cases, specific queries should be discussed directly with the radiology department before consideration for MR.

Diagnostic imaging is an invaluable adjunct to clinical examination in the assessment of many upper extremity disorders. Knowledge of available imaging modalities is essential to determining the most appropriate and cost-effective imaging test to be performed for a given clinical question. Some modalities, although perceived as superior to others, may be inappropriate in a particular clinical setting. For example, ultrasound in the assessment of rotator cuff tears after shoulder arthroplasty is, in most cases, superior to MRI.1 Ordering the correct testing with pertinent clinical details in the appropriate setting yields maximum information and facilitates optimum patient treatment.

Radiography of the shoulder and elbow should be considered in all cases, because it provides useful information about the bony anatomy and a baseline for comparison with follow-up studies as well as acting as a complementary test to advanced imaging techniques. Advanced imaging techniques, such as US, CT, MRI, and nuclear medicine, are invaluable in the appropriate clinical setting, providing clinicians with state-of-the-art radiologic assessment. This chapter first describes the modalities used in shoulder and elbow imaging, and then focuses on how imaging aids diagnosis with respect to specific shoulder and elbow pathologies.


Imaging Modalities


Radiography

Basic radiography has evolved from film-screen radiography, which is still in use today, to increasingly available digital and computed radiography techniques, which are more amenable to manipulation, image transfer and storage, and viewing on workstations.

Standard radiographic projections of the shoulder include an AP (anteroposterior) and lateral view (Y-view). Correctly performed AP and lateral views allow assessment of glenohumeral and acromioclavicular alignment as well as of osseous structures at the shoulder. Radiographs are of particular value in the initial assessment of trauma where fracture or dislocation is suspected, and in the assessment of arthritis, but they are also useful in other cases such as tumor evaluation and calcific rotator cuff tendinosis with hydroxyapatite deposition disease (HADD; Fig. 14-1). Further views of the shoulder are also of value in certain instances; for example, a transthoracic lateral view and axillary (axial) view.
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Figure 14-1 Calcific tendinosis of the rotator cuff and associated bursitis. A, Anteroposterior radiograph of the shoulder demonstrates calcific foci at the distal supraspinatus tendon consistent with calcific tendinosis or hydroxyapatite deposition disease (HADD). B, Coronal fat-saturated T2-weighted image of the shoulder in the same patient demonstrates foci of low (black) signal in the distal supraspinatus tendon (arrow) extruding into the adjacent subacromial/subdeltoid bursa with associated reactive bursitis (fluid bright signal).



Standard views of the elbow include AP and lateral radiographs. Oblique AP views may be of value in assessing for suspected radial head fractures not seen on conventional views.


Arthrography

Shoulder arthrography still has a role in the assessment of rotator cuff tears and adhesive capsulitis, although recently it is rarely used in isolation, being more often combined with MRI (direct MR arthrography) or sometimes CT arthrography. MR arthrography is usually performed when labral pathology is suspected and is of particular use in patients with instability signs and symptoms.2

For shoulder arthrography, a spinal needle (20–22 gauge) is used to gain access to the shoulder joint, using an anterior or posterior approach under fluoroscopic guidance (Fig. 14-2). The intra-articular position is confirmed with injection of a small amount of iodinated contrast medium, which is typically followed by 14 mL of dilute gadolinium when performing MR arthrography. Undiluted iodinated contrast material is injected when performing CT arthrography. Arthrography of the elbow, usually in association with MR (direct MR arthrography), is used in the assessment of medial and lateral stabilizing ligament integrity and in the assessment of cartilage loss and intra-articular bodies.
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Figure 14-2 Shoulder arthrogram. For shoulder arthrography a 20- or 22-gauge spinal needle is used to gain access to the glenohumeral joint. High-density iodinated contrast material is seen flowing easily away from the needle tip into the joint, confirming intra-articular position.




Computed Tomography

The latest generation CT scanners use multiple detector row arrays. Multidetector CT (MDCT) is a major improvement in CT technology because the activation of multiple detector rows positioned along the patient’s longitudinal axis allows for simultaneous acquisition of multiple slices. This also enables acquisition of thinner slices than were previously possible, allowing generation of exquisite multiplanar reformats (Fig. 14-3). In the setting of orthopedic prosthetic hardware, this technology results in decreased artifact.
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Figure 14-3 Comminuted intra-articular fracture. A, Coronal 2D CT image of a comminuted intra-articular right humeral head and glenoid fracture. B, Reconstructed 3D CT image in the same patient improves appreciation of fracture extent and pattern, assisting in operative planning.



CT allows precise characterization of fractures at the shoulder and elbow, defining degree of comminution and displacement, and identifying intra-articular osseous bodies if present. CT arthrography is an alternative to MR arthrography, allowing assessment of rotator cuff tears (especially full-thickness), labral tears, and cartilage loss at the glenohumeral joint (Fig. 14-4).3 CT may also be used for image-guided intervention.
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Figure 14-4 CT arthrogram of the shoulder. In patients for whom MRI is contraindicated, valuable information can be obtained with CT arthrography. In this instance iodinated contrast medium is seen to fill the inferior axillary recess of the glenohumeral joint as expected (curved arrow). However, contrast material is also seen to fill the subacromial/subdeltoid bursa (straight arrow), secondary to a full-thickness rotator cuff tear (tear not shown).




Ultrasound

US is the medical imaging modality used to acquire and display the acoustic properties of tissues. A transducer array (transmitter and receiver of US pulses) sends sound waves into the patient and receives returning echoes, which are converted into an image.

For musculoskeletal imaging of more superficial structures (tendons, ligaments), a high-frequency beam with a smaller wavelength provides superior spatial resolution and image detail. Thus, use of an appropriate transducer is of critical importance in performing shoulder and elbow imaging. Higher-frequency transducers are now available, ranging from 7.5 MHz up to as much as 15 MHz.

The acquisition of high-quality US images depends on operator experience, but in the right hands US can be a powerful tool in the assessment of a wide range of shoulder4-6 and elbow7-9 pathologies. US has shown increased utility for diagnostic and therapeutic procedures and for specific clinical concerns by providing more infrastructural detail more cost-effectively through improved transducer technology.10,11 US is best used when a clinical question is well formulated and the condition is dichotomous (e.g., Is there a full-thickness rotator cuff tear or not?). US is also excellent for assessment of injuries that are only observed during certain motions or in certain positions. For example, ulnar nerve subluxation can be documented during flexion and extension. Performing percutaneous interventions with US ensures accurate needle tip placement and helps direct the needle away from other regional soft-tissue structures and neurovascular bundles.12 Applications of US at the shoulder and elbow are depicted in Boxes 14-1 and 14-2.



Box 14-1 Applications of Shoulder Ultrasound



Rotator cuff integrity assessment (especially after arthroplasty)

Evaluation and fenestration of rotator cuff calcific tendinosis and hypervascularity

Evaluation of rotator cuff muscle atrophy

Dynamic imaging of impingement

Assessment of glenohumeral effusion

Guided subacromial/subdeltoid bursal or joint injection








Box 14-2 Applications of Elbow Ultrasound



Evaluation and treatment of medial and lateral epicondylitis

Dynamic assessment of medial and lateral collateral stabilizers

Ulnar and posterior interosseous nerve impingement




Magnetic Resonance Imaging

MRI is the workhorse of musculoskeletal imaging throughout the body, including the shoulder and elbow. MRI relies on the magnetic properties of the proton and does not involve ionizing radiation. It utilizes a strong magnetic field (most commonly 1.5 T) to align these protons. Their energy level is altered by a transmitted radiofrequency (RF) pulse, after which they are allowed to relax back to their original state, releasing energy. This energy is used to formulate an image based on the different relaxation properties of tissues. Various “sequences” are prescribed to focus on the different relaxation properties of the tissues in question. The main components of an MRI system include a strong magnetic field, coils (to transmit and receive RF signals), and gradients to localize signals quickly. MRI technology continues to evolve, with recent developments focusing on higher field strength magnets (3 T) and improved coils and gradients. Limitations of MRI include patient contraindications (Box 14-3), metallic susceptibility artifact from hardware, and patient intolerance secondary to claustrophobia.



Box 14-3 MRI Contraindications*



ABSOLUTE

Cardiac pacemaker or implantable cardiac defibrillators

Ferromagnetic CNS clips

Orbital metallic foreign body

Electronically, magnetically, and mechanically activated implants

RELATIVE

Prosthetic heart valves

Foreign bodies in nonvital locations

Infusion pumps and nerve stimulators

Cochlear and stapedial implants



* This is not intended as a complete list, but rather as a guide to MRI contraindications. In individual cases, specific queries should be discussed directly with the radiology department before considering MRI. CNS, central nervous system.

The principal applications of MRI of the shoulder and elbow are show in Boxes 14-4 and 14-5. Direct MR arthrography is the favored technique for examination of possible shoulder labral tears. It involves direct injection of dilute gadolinium under fluoroscopic guidance as described earlier. It is also of value in assessing the rotator cuff and the stabilizing structures of the elbow. Indirect MR arthrography of the shoulder and elbow involves an IV injection of gadolinium, which diffuses into the joint cavity causing an “arthrographic” effect.



Box 14-4 Shoulder MRI Applications



Rotator cuff pathology

Labral or capsular injury (best using direct MR arthrography)

Rotator cuff interval lesions

Muscle and other tendon tears

Nerve pathology and impingement

Osseous and soft tissue neoplasms

Infection



MR, magnetic resonance.






Box 14-5 Elbow MRI Applications



Occult fracture or bone bruise

Cartilage injury

Osteochondritis dissecans—evaluation of stability

Medial and lateral collateral ligament injury

Muscle and tendon tears around the elbow including epicondylitis

Nerve pathology and impingement

Osseous and soft tissue neoplasms

Infection




Nuclear Medicine

In nuclear medicine a radiopharmaceutical (radioactive isotope coupled with a pharmaceutical) is administered (usually intravenously), and subsequent gamma ray emissions are detected by a gamma camera. An isotope whole-body bone scan is used to detect areas of increased bone turnover, which may indicate pathology depending on the site and degree of activity (Fig. 14-5). The main application in the shoulder and elbow is in the evaluation of neoplasia (particularly to assess for metastatic disease) and osteomyelitis.13
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Figure 14-5 Paget’s disease. A, Anteroposterior radiograph of the left humerus demonstrates bony expansion and trabecular and cortical thickening proximally extending to the glenohumeral joint, consistent with Paget’s disease. B, Frontal image from an isotope whole-body bone scan shows marked tracer accumulation in the proximal humerus as expected in Paget’s disease.



The most significant recent advancement in nuclear medicine is positron emission tomography (PET) and combination PET CT scanners with important implications for oncology. (18F) fluorodeoxglucose (FDG) is a metabolic tracer most widely used in clinical PET oncology. PET applications are evolving, but it is currently approved for the diagnosis, staging, and restaging of many common malignancies and has shown efficacy for the detection of osseous metastasis from several malignancies, including lung carcinoma, breast carcinoma, and lymphoma.14 Such metastatic disease may be seen at the shoulder, but less commonly at the elbow and rarely more distally.


Other Modalities

Other modalities used rarely at the shoulder and elbow include fluoroscopy, which is used to assess joint stability, and arteriography, which is used in the assessment and sometimes treatment (embolization) of vascular lesions such as hemangiomas and pseudoaneurysms.


Imaging of Shoulder Pathology


Impingement

Although shoulder impingement is a clinical diagnosis, it has imaging manifestations that are helpful in guiding treatment. Radiography plays a role in the initial examination of impingement. Subacromial spurs, glenohumeral joint osteoarthritis, and evidence of chronic rotator cuff tear with a high riding humeral head may be identified with radiographs,5 which may further influence management decisions (Fig. 14-6). Noncontrast shoulder MRI is frequently employed in the assessment of impingement. Manifestations of impingement, such as subacromial spur, subacromial/subdeltoid (SASD) bursitis, and rotator cuff tears, are all easily demonstrated on MRI.15-17 Features of a rotator cuff tear that can be assessed on MRI include tear type (full vs. partial thickness), tear location, tear dimensions, tear morphology, tear gap/degree of tendon retraction, and the presence of rotator muscle atrophy (Fig. 14-7).
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Figure 14-6 Chronic rotator cuff tear. Anteroposterior radiograph of the shoulder demonstrates severe narrowing of the acromiohumeral distance (arrow), indicating chronic rotator cuff tear. Marked subacromial spur formation is also seen. An MRI was contraindicated in this patient due to the presence of a cardiac pacemaker.
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Figure 14-7 Full-thickness rotator cuff tear. Coronal fat-suppressed T2-weighted MRI of the shoulder demonstrates a large tear of the supraspinatus tendon. The tendon is torn, frayed, and retracted back, almost to glenohumeral joint level (arrow).



US is also a valuable tool in the assessment of impingement18 and is useful for the evaluation of rotator cuff pathology (Fig. 14-8) although it cannot give a global assessment including labral, capsular, cartilage, and marrow pathology. US is useful in the setting of rotator cuff repair and is particularly useful in shoulder arthroplasty where susceptibility artifact from the metallic prosthesis on MRI would limit interpretation of the adjacent cuff.19 In addition, calcific tendinosis of the rotator cuff is well demonstrated on US20 and is often amenable to SASD bursal injection of steroid and anesthetic or needling in refractory cases.
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Figure 14-8 Partial-thickness rotator cuff tear. Ultrasound along the long axis of the distal supraspinatus tendon adjacent to its insertion on the greater tuberosity demonstrates a focal partial undersurface tear (arrow) as indicated by a hypoechoic (dark) defect.




Instability

Radiography is useful in defining osseous alignment at the glenohumeral joint and may demonstrate a Hill–Sachs or bony Bankart’s lesion. CT also has utility in the assessment of osseous structures after subluxation/dislocation, particularly in evaluation of a subtle Bankart’s fracture with an equivocal MRI or intra-articular osseous fragments.21 CT is useful as a preoperative exam to assess fragment size and displacement. MR arthrography is the most sensitive test for evaluation of most of the causes, manifestations, and sequellae of glenohumeral instability.22-24 It allows for precise evaluation of the capsulolabral and ligamentous complex. Labral tears are diagnosed when intra-articular contrast material tracks into or underneath the labrum. Noncontrast MRI is also very sensitive, although use of a high-field scanner (≥0.7 T) is recommended. Labral tears most commonly associated with instability are anteroinferior or posterior (Fig. 14-9). Superior labral tears that track anterior to posterior (SLAP tears) are well seen with MR arthrography but are not usually associated with instability25,26 (Fig. 14-10). Tendon tears that can be associated with instability, including tears of the long head of the biceps tendon or subscapularis, are also well seen by MR arthrography and noncontrast MRI. Multidirectional instability typically shows no abnormality on imaging modalities, although capacious recesses may be observed.
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Figure 14-9 Bankart’s and Hill–Sachs lesions. Axial T1 fat-saturated MRI after administration of intra-articular gadolinium (direct MR arthrogram) demonstrates sequelae of anterior shoulder dislocation. The anteroinferior labrum and bony glenoid has been disrupted (white arrow) consistent with a bony Bankart lesion. A bony defect is also seen at the posterior humeral head (curved black arrow) consistent with a Hill–Sachs lesion.




[image: images]

Figure 14-10 Superior labral anterior to posterior (SLAP) lesion. Coronal fat-suppressed T1-weighted image of the shoulder after intra-articular gadolinium injection (direct MR arthrogram) demonstrates abnormal tracking of contrast material into the superior labrum (arrow) consistent with a SLAP tear.




Adhesive Capsulitis

Adhesive capsulitis, or frozen shoulder, has a variety of possible causes. Imaging features are usually nonspecific, but findings suggestive of adhesive capsulitis include a low joint capacity at arthrography, capsular thickening, and rotator cuff interval synovitis on MRI.27


Trauma

Radiography should always be the initial modality utilized in cases of trauma to the shoulder to evaluate for fracture or dislocation. Thereafter CT or MRI may be appropriate to assess for lesions occult on radiographs or for further characterization of fractures. CT with 2D and 3D reformats are excellent for preoperative planning (see Fig. 14-3). The excellent inherent soft tissue contrast afforded by MRI allows for assessment of injury to soft tissue structures such as tendon and muscle (Fig. 14-11).
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Figure 14-11 Pectoralis major muscle tear. Axial short tau inversion recovery (STIR) image of the right chest wall and proximal upper extremity acquired on a low field strength open magnet (0.3 T) demonstrates a complete (grade 3) tear of the right pectoralis major muscle with intervening bright hemorrhagic fluid (arrow)




Arthritis

Radiography is the mainstay for initial assessment of shoulder arthritis. MRI may be helpful in equivocal cases, particularly for identifying synovitis in inflammatory arthritides.28

Radiography is routinely employed in the assessment of joint prostheses. Septic arthritis and osteomyelitis of the glenohumeral and acromioclavicular joints are uncommon and may not demonstrate radiographic findings in the early stages. Radiographic findings seen in septic arthritis and osteomyelitis include soft tissue swelling, joint space narrowing, and articular erosions. MRI is a more sensitive test for evaluation of septic arthritis and osteomyelitis demonstrating a joint effusion, subchondral edema, and fatty marrow replacement in the setting of osteomyelitis. Osteomyelitis is also seen on whole-body isotope bone scan, with increased activity being seen on all three phases. In reality, if a septic arthritis is suspected, it should be confirmed by joint aspiration.


Masses

Evaluation of soft tissue masses at the shoulder invariably requires advanced imaging, namely ultrasound or MRI. A variety of benign and malignant soft tissue masses, including lipomas, liposarcomas, desmoids, malignant fibrous histiocytoma (MFH), and synovial sarcoma, may occur at the shoulder. MRI prior to and following administration of IV gadolinium contrast material is recommended by most authors. US may not provide a complete characterization of the lesion if osseous involvement is present but does allow for image-guided sampling. Radiographs are essential in the initial characterization of osseous tumors. MRI frequently aids in narrowing the differential diagnosis, especially with regard to solid versus cystic nature (requiring IV contrast). MRI is also useful for documentation of extent. CT is excellent for evaluation of cortical destruction and pathologic fracture and improves characterization of calcified matrix over radiographs.

The role of whole-body bone scan in the assessment of bone tumors is primarily for the evaluation of multiplicity of osseous lesions.


Imaging of Elbow Pathology


Tendon Injury

Lateral epicondylitis, or “tennis elbow,” is a chronic tendinopathy of the common extensor origin and is a frequent cause of lateral elbow pain. On MRI, abnormal high signal is seen at the common extensor origin on fluid-sensitive sequences, sometimes with associated partial tears, which are fluid-bright.29 In more severe cases, associated subtendinous bone marrow edema may be present at the lateral epicondyle, but this is not required for radiologic diagnosis. US is a valuable modality for examining the lateral epicondyle.30,31 Sonographic features include common extensor origin thickening, heterogeneous echogenicity, calcific deposits, partial tears, and hypervascularity on Doppler imaging (Fig. 14-12). US may also be used to guide steroid or anesthetic injections and tendon fenestration.32 Medial epicondylitis has similar MRI and US findings at the common flexor origin. Both of these entities may be associated with injury to the adjacent medial and lateral stabilizing structures.33 Evaluation of the other tendons, including the biceps, triceps, and brachialis, is optimized with MRI. US is also useful for directed examination of tendon pathology at the elbow.
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Figure 14-12 Lateral epicondylitis or common extensor tendinosis with partial tear. Ultrasound image demonstrates thickening of the common extensor origin consistent with tendinosis/epicondylitis with an associated hypoechoic (black) defect within the extensor tendon origin consistent with an interstitial partial tear (arrow). Power Doppler imaging demonstrates hypervascularity (orange areas), often seen with lateral epicondylitis/common extensor tendinosis.




Injury to Medial and Lateral Stabilizing Ligaments

Direct MR arthrography is most useful in detecting suggested injury to the medial and lateral stabilizing ligaments. The medial (ulnar) collateral ligament, for example, is frequently injured in baseball pitchers and can be assessed accurately with MR arthrography34-36 (Fig. 14-13). US is also useful in assessing the elbow ligaments but has an advantage over MRI with its ability to assess ligamentous laxity in real time with dynamic imaging37,38 (Fig. 14-14). For example, during valgus stress for assessment of the medial collateral ligament, a difference in 2 mm between sides is diagnostic of abnormal ligamentous laxity.
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Figure 14-13 Ulnar collateral ligament tear. Coronal fat-suppressed T1-weighted image of the elbow after intra-articular gadolinium injection (direct MR arthrogram) demonstrates abnormal tracking of contrast (arrow) between the anterior bundle of the ulnar collateral ligament and the coronoid process of ulna at the sublime tubercle, indicating a distal partial thickness undersurface tear.
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Figure 14-14 Ulnar collateral ligament (UCL) instability. A, Ultrasound at rest. Medial elbow joint demonstrates minimal gapping between the trochlea of humerus and ulna measured by crosshairs. B, When manual valgus stress is applied this gap increases significantly (difference of 3.9 mm) consistent with UCL instability. The difference between rest and stress measurement should be less than 2 mm. Multiple measurements (e.g., 3) should be taken and the average calculated. It is also useful to compare with the asymptomatic elbow.




Trauma

Like the shoulder, radiographs are indicated in the assessment of acute trauma at the elbow to determine the presence of fracture or malalignment. A useful sign on lateral radiographs is the visualization of a posterior fat pad or elevation on the anterior fat pad, indicative of elbow joint effusion39 (Fig. 14-15). In the setting of acute trauma the presence of such an effusion suggests an occult radial head fracture. CT is also useful in the setting of complex acute bony injury, facilitating accurate assessment of fracture fragments and degree of displacement before surgical intervention. MRI is of value in the assessment of suggested occult osseous trauma due to its high sensitivity for detection of bone marrow edema and associated fractures. MRI is also warranted where soft tissue injury is suggested, such as in cases of distal biceps tendon or triceps tendon injury.
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Figure 14-15 Elbow effusion. Lateral radiograph of the elbow shows abnormal elevation of the anterior fat pad forming a “sail” shape (arrows). A faint posterior fat pad is seen (arrowhead). Elevation of the anterior fat pad as shown or the mere visualization of a posterior fat pad indicate an elbow joint effusion. Elbow effusion is often associated with occult fracture with otherwise normal radiographs in the setting of trauma.




Neuropathy

US is particularly useful in the assessment of possible neuropathy at the elbow.40-42 The ulnar nerve is the most frequently involved. Neuropathy manifests as focal nerve enlargement at or proximal to the site of impingement at the cubital tunnel and is demonstrated by altered echogenicity. US also allows dynamic imaging of ulnar nerve subluxation or dislocation out of the cubital tunnel on elbow flexion43 (Fig. 14-16). The median nerve may also be compressed at the elbow by a number of structures, most commonly the pronator teres muscle. The radial nerve may be injured above the elbow secondary to trauma or more distally at the supinator, compressing its posterior interosseous nerve branch. Similar to the ulnar nerve, US is useful in assessing focal neural dilatation and altered echogenicity.


[image: images]

Figure 14-16 Ulnar nerve subluxation. A, Transverse ultrasound image at the cubital tunnel on elbow extension shows ulnar nerve (arrow) in normal position. B, On elbow flexion, the ulnar nerve (arrow) is seen to sublux medially, lying perched on the medial epicondyle.



Although lacking a dynamic component, MRI can identify nerve enlargement and edema and may also identify the specific site of impingement.40 In addition, MRI may demonstrate neurogenic muscle edema (early sign) or muscle fatty atrophy (late sign) in the muscle groups supplied by nerves that are impinged.


Arthritis

Arthopathies that affect the elbow include rheumatoid arthritis (Fig. 14-17), osteoarthritis, crystal deposition diseases (gout and calcium pyrophosphate deposition disease), synovial osteochondromatosis, and septic arthritis. As with the shoulder, radiographs should be performed first, followed by advanced imaging if warranted. CT or CT arthrography is useful for assessing intra-articular osseous bodies. MRI and MR arthrography are also useful in this instance and are superior for assessing synovitis in inflammatory arthropathies.
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Figure 14-17 Rheumatoid arthritis of the elbow. Sagittal short tau inversion recovery (STIR) sequence of the elbow demonstrates intermediate signal extensive pannus/synovitis (asterisk) with high-signal subchondral edema (arrow) in a patient with rheumatoid arthritis.




Osteochondrosis and Osteochondritis Dissecans

In general, cartilage lesions are best evaluated using MRI or MR arthrography.

Panner’s disease (osteochondrosis of the capitellum in children) is best assessed by MRI. It manifests as focal T2 hyperintensity of the subchondral bone of the capitellum with T1 marrow replacement. Osteochondritis dissecans of the capitellum is common and is best assessed with MR arthrography for determining lesion instability. Unstable lesions are characterized by a rim of fluid surrounding the osteochondral fragment, which may be associated with disruption of overlying cartilage and underlying cyst formation. Stable lesions with intact overlying cartilage may respond to conservative therapy.


Summary

Diagnostic imaging is an invaluable adjunct to clinical examination in the assessment of many shoulder and elbow disorders. Radiography of the shoulder and elbow should be considered in all cases, especially if there is a history of trauma. Radiography provides useful information about bony anatomy and a baseline for comparison with follow-up studies, as well as providing a complementary test to advanced imaging techniques. Techniques such as US, CT, MRI, and bone scans are invaluable in providing state-of-the-art radiologic assessment and as a complement to radiography. Ordering the correct modalities with pertinent clinical details will yield maximum information and facilitate optimum patient management.
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CHAPTER 15
Clinical Interpretation of Nerve Conduction Studies and Electromyography of the Upper Extremity

GLENN A. MACKIN, MD, FRAN, FACP


NERVE CONDUCTION STUDIES

ELECTROMYOGRAPHY

SUMMARY: QUALITY ASSURANCE AND PATIENT AND CLINICIAN SATISFACTION







CRITICAL POINTS

▪ Nerve conduction studies (NCS) and electromyography (EMG) provide objective, localizing, prognostically important data about clinically suspected lesions.

▪ NCS and EMG also provide peripheral nerve system context about concurrent mononeuropathies, polyneuropathy, myopathy, and other neuromuscular disorders.

▪ NCS are generally more important in diagnosing nerve entrapments and injuries, but needle EMG is necessary to most studies for the complementary information it provides.

▪ Both NCS and EMG measure electrical potentials generated by nerves and muscles.

▪ Optimal neurophysiologic consultation is a process that calls for excellent communication between neurophysiologist and referring clinician before and after the study, as well as between patient and neurophysiologist during the study.



NCS and EMG rank second in importance only to obtaining a careful history and performing a neurologic examination for accurate and localizing diagnosis of nerve entrapments and disorders of the peripheral nervous system (PNS). Unlike clinical tests, such as Phalen’s sign, that focus on specific nerve entrapments such as carpal tunnel syndrome (CTS),1,2 well-designed NCS and EMG provide not only objective, localizing, prognostically important data about the clinically suspected lesion but also indispensable PNS context about concurrent mononeuropathies, polyneuropathy, myopathy, and other neuromuscular disorders. Neurophysiologists should provide prompt, understandable, “bottom line” answers that define PNS lesion and context in terms of the referral question and neurologic exam. The optimal neurophysiologist is a physician, fellowship-trained and board-certified in electrodiagnostic medicine, adept in sophisticated examination and neuromuscular pattern recognition, and flexible enough to consistently perform studies tailored to each patient’s circumstance.3 This chapter develops a practical framework to enable referring clinicians and hand therapists to correlate clinical results and judge the quality of NCS and EMG reports.

Clinicians ordering studies seek pragmatic answers that will help their patients. Is CTS or another entrapment present? How severe is it? What is the precise localization? Are there atypical features or concurrent disorders such as radiculopathy or polyneuropathy? Do the neurophysiologic findings explain the patient’s symptoms and signs, or are they at least consistent with them? Do they indicate additional or unsuspected diagnoses, or reveal a need for radiologic or other testing? Do the study design and results support the final interpretation logically and scientifically? Numerous textbooks, reviews, and courses are available with background information on neurophysiologic theory and techniques. Patients are best served when referring clinicians and neurophysiologists communicate on the basis of mutually understood interpretative principles, including what NCS and EMG actually test, their limitations, and timing considerations crucial to meaningful conclusions. The purpose of this chapter is to elucidate that indispensable conceptual framework.


Nerve Conduction Studies


General Principles

NCS are generally more important in diagnosing nerve entrapments and injuries, but needle EMG is necessary to most studies for the complementary information it provides. Both tests measure electrical potentials generated by nerves and muscles. In sensory and motor NCS, a square-wave stimulus in milliamps (mA) is delivered, usually percutaneously, to test points along the nerve, causing it to depolarize. The patient feels an instantaneous shock but usually not the wave of induced depolarization as it travels up and down the nerve itself. NCS measure voltage potential differences between two electrodes, the first recording over a nerve or muscle at an informative site at some distance from the stimulation point, the second a “neutral” reference. Recording electrodes are placed for sensory NCS over the nerve, and for motor NCS mostly over compact, usually distal superficial muscles. NCS parameters include amplitude (µV for sensory, mV for motor), distal latency (DL, in msec) from the most distal point of stimulation, and conduction velocity (CV, in m/sec) calculated in nerve segments demarcated by the selected points of stimulation. Although exceptions occur after nerve injury (to be discussed later), as a rule of thumb, the size (amplitude or area) of the NCS response is proportional to the quantity (not number) of measurable axons, and the speed (CV, DL) may provide insight into the integrity of myelin over the nerve segment tested.


Templates for Interpretation of Nerve Conduction Studies

The primary objectives of NCS are to localize the nerve lesion, characterize it as predominantly caused by axon loss (AL) or demyelination, determine the severity and prognosis, facilitate surgical planning when appropriate,4 and monitor the pace of nerve regeneration.5

In normal nerve, the DL, amplitudes, and segmental CV are normal (Fig. 15-1A). With loss of large sensory or motor axons (AL), the amplitude of proximal and distal responses is reduced and CV may be normal or mildly slowed, but not more than 20% below the lower limit of normal (Fig. 15-1B). Examples of conditions with AL include focal mononeuropathies and most polyneuropathies. Demyelinating patterns include significant synchronous slowing (SS) occurring diffusely or focally (Fig. 15-1C-E); conduction block (CB) or “neurapraxia,” which may be partial or complete (Fig. 15-1F, G), in which the proximally elicited response is smaller than distal; and temporal dispersion (TD), in which the proximal response has significantly longer duration and an often irregular shape (Fig. 15-1H). Examples of demyelination include SS across the wrist in CTS and across the elbow in ulnar neuropathy, CB at or near the elbow in some ulnar neuropathies and radial nerve compression at spiral groove, and TD in acquired demyelinating polyneuropathies such as Guillain–Barré syndrome (GBS) and chronic inflammatory demyelinating polyneuropathy (CIDP).3,6,7 In entrapments, sensory fibers may show one pattern (e.g., AL), and motor fibers another (e.g., SS).
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Figure 15-1 Schematic peripheral nerves illustrate “nerve conduction study (NCS) templates” in text. In all nerves, the black horizontal bar reflects the proportion of large sensory or motor axons, and rows of small squares reflect the myelin sheath on large sensory and motor fibers, available for testing. The black down arrow indicates the recording electrodes placed distally over a named sensory nerve or over the motor point and reference site for a motor NCS. The blue “lightning bolt” reflects the more distal point of stimulation along the nerve tested, and the blue rectangle reflects the recorded waveform amplitude, area, and morphology as a function of time. The red “lightning bolt” and rectangle, respectively, reflect the more proximal point of stimulation and recorded waveform. Arbitrary numbers on the y-axis for amplitude and x-axis for time of the recorded response are provided to facilitate visual comparison between normal and the different nerve injury patterns. A, Normal nerve. B, Axon loss (AL). C, Generalized demyelinating synchronous slowing (SS), as in Charcot–Marie–Tooth polyneuropathy, type 1. D, Focal, distal, demyelinating synchronous slowing (SS), as in carpal tunnel syndrome. E, Focal, proximal, demyelinating synchronous slowing (SS), as in ulnar neuropathy across the elbow. F, Focal, partial, demyelinating conduction block (CB), shown proximally as in ulnar neuropathy at elbow. G, Focal, complete, demyelinating CB, proximally. H, Temporal dispersion (TD), as in Guillain–Barré syndrome, chronic inflammatory demyelinating polyneuropathy, and some entrapments.




Conduction Slowing, Demyelination, and Remyelination

NCS patterns suggesting primary demyelination include significant SS, TD, and CB that meet published criteria.1 All may be seen in acquired demyelinating neuropathies, but only SS is seen in hereditary acquired polyneuropathies such as Charcot–Marie–Tooth disease, type 1. Primary demyelinating-range slowing is not necessarily seen in a nerve segment with TD, unless SS also is present among the conducting fibers. As a rule of thumb, when amplitudes are normal or nearly so, slowing suggests primary demyelination when DL (or long latency motor “F waves” to and from the spinal cord) is prolonged 30% or more above the upper limit of normal, or CV is reduced 30% or more below the lower limit of normal. (A common interpretive error, based on ignoring these criteria, takes any slowing of CV to be evidence of demyelination). CB and AL are more likely to correlate with symptoms than SS or TD, especially in motor axons. SS and TD may be asymptomatic, although mild degrees of both may be seen with AL of large myelinated axons over long nerve segments. (A common example is CTS with motor AL; median forearm CV is decreased due to large-fiber AL.) Muscles supplied by nerves showing TD are not weak, unless significant AL or CB is also present.

Demyelination may be the first effect of a pathologic process such as nerve entrapment that can progress to AL. Primary demyelination may be reversible and AL mitigated or avoided if the focal entrapment receives timely decompression or if acquired generalized GBS or CIDP is treated effectively with immunotherapy. By contrast, other mechanisms of injury and intrinsic disorders of axons cause primary AL, which disrupts the axon–myelin interface, resulting in secondary myelin loss. Although most nerve lesions have elements of both AL and demyelination, and NCS evidence is not as certain as biopsy evidence, clinicians should expect neurophysiologists to try consistently to specify the predominant pathologic process in most neuropathic cases. (Neurophysiologists equivocate unnecessarily when they habitually report “demyelination and axon loss” in all cases.)

Precise localization requires focal SS or CB over a short nerve segment.8-10 The classic example is CTS, for which current practice guidelines stress sensitivity of sensory NCS over short nerve segments (median nerve stimulating in the palm, recording proximal to the wrist). Recent literature favors internal comparison studies between adjacent nerves over identical distances to mitigate the effects of cold on DL and CV (below 32°C in hand). Typical internal comparison studies in CTS include sensory comparisons (median vs. ulnar nerve palm to wrist and wrist to ring finger, and median vs. radial wrist to thumb)11 and motor comparisons (median vs. ulnar wrist to lumbrical-interosseus).12 Sensory internal comparisons are useful in avoiding false positive CTS due to borderline DL measured from wrist to fingers. When one internal comparison is borderline (e.g., median vs. ulnar palm to the wrist, normal difference < 0.4 msec), adding three comparisons to calculate a “combined sensory index” improves sensitivity and specificity (normal < 0.9 msec).

Slowing in many nerves suggests a generalized polyneuropathy, making it difficult to be sure that any focal slowing seen is disproportionate enough to attribute to superimposed entrapment (e.g., CTS in diabetic polyneuropathy, where motor internal comparisons may help). Focal slowing may confirm demyelination (or not meet criteria) and may occur in a symptomatic or asymptomatic location (e.g., ulnar slowing across the elbow). Focal slowing demonstrable across multiple points of entrapment, common and uncommon, symptomatic or not, suggests the autosomal dominant hereditary neuropathy with liability to pressure palsies (HNPP), for which a genetic test is available.

Conduction block is present when amplitude and area of waveforms obtained by stimulating proximal to the lesion is at least 20% less (ideally 50%) than the waveform obtained stimulating distal to it, provided the duration of the proximal response does not exceed the distal by more than 15%. Temporal dispersion is present when the duration of the proximal waveform exceeds the distal by more than 15%, regardless of any amplitude change. Like the velocity criteria for demyelination, these rules apply only when response amplitudes are near normal. Larger amplitude drops are required proximally to confirm CB when distal amplitudes are low. Given that motor responses are orders of magnitude larger than sensory ones, it is technically easier to show CB in motor conductions.

Before diagnosing CB, neurophysiologists should rigorously exclude technical errors and trivial abnormalities to minimize false positives. When apparent CB is noted between two standard stimulation points separated by a long nerve segment, it may be useful, when possible, to stimulate short segments in between to pinpoint the lesion. For example, with ulnar CB at elbow, “inching” the stimulator in 1- to 2-cm steps along the nerve may precisely localize CB at the humeroulnar aponeurosis or retrocondylar space, thus providing information far more useful to the clinician than just reporting “ulnar neuropathy with neurapraxia across the elbow.”13,14 Anatomic variants affect interpretation. For example, a Martin–Gruber anastomosis may mimic ulnar motor CB in the forearm, manifested by a significantly larger ulnar wrist-to-hand than elbow-to-hand motor amplitude and confirmed by stimulation of the median nerve at the antebrachial space15 Technical errors include percutaneous stimulation too far from an intended deep nerve target (e.g., obesity, edema, intervening muscles), resulting in insufficient current reaching the nerve (mimicking CB) and the “virtual cathode” effect (CV errors due to an uncertain depolarization site and inaccurate distances). When very distal CB is possible, it may help to stimulate distal to the standard distal sites. For example, before accepting low median sensory or motor amplitudes as evidence of AL in CTS, based on standard stimulation proximal to the wrist, midpalmar stimulation or inching across the wrist may show a significantly larger digital sensory or motor response amplitude consistent with focal CB instead.


Time Dependence of Wallerian Degeneration

To distinguish between AL and CB, it is crucial to recognize that Wallerian degeneration (WD) after AL (including axonotmesis) is an active, time-dependent process. The key indicator of AL after nerve injury is what happens as a function of time after injury to the response amplitude elicited distal to the lesion compared with the response amplitude elicited proximal to it.

Immediately after nerve injury before WD has taken place, the distal amplitude is normal and the proximal is reduced or absent, reflecting conduction failure and resembling the CB pattern (see Fig. 15-1F, G). If pure demyelinating CB is present, axon continuity is preserved through the lesion and the CB pattern persists until remyelination occurs. If pure AL is present, the distal stump undergoes WD, and the distal amplitude declines to match the already low proximal amplitude, resulting in an AL pattern (see Fig. 15-1B). Although the time to WD is similar for motor and sensory axons, it takes 3 to 4 days to observe a decline in distal motor amplitudes after AL lesions versus 10 to 12 days for distal sensory amplitudes. The difference is explained by neuromuscular junctions (NMJs) interposed between stimulated nerve and muscle. Axonotmesis disrupts axonal trophic support of muscle mediated by slow axon transport, so NMJ failure precedes WD, causing motor amplitude drop. WD is a stump length-dependent process, seen sooner in lesions near muscle.

When NCS are done immediately after nerve injury and before WD occurs, particularly when nerve transection is suggested, nerve conduction across the lesion proves at least partial continuity. Immediate NCS after injury provides a baseline for follow-up studies, but cannot define the status of nonconducting axons across the lesion, whether caused by AL, CB, or both. Repeat studies are essential after WD becomes apparent in NCS (10–12 days) and EMG (3 weeks). In general, the amount that serially documented amplitudes decline from baseline is proportional to the amount of AL.5


Sensory Nerve Conduction Studies, Injury, and Regeneration

Sensory nerve action potential (SNAP) is a summation of normally synchronous waves of depolarization traveling in large sensory axons as they pass the recording electrodes. Large sensory axons carry electrical impulses to the spinal cord that the brain interprets as touch, proprioception, two-point discrimination, vibration, and higher-order perceptions. Conventional sensory NCS do not record encoded impulses, actual perceptions, or depolarization of small axons (c-nociceptors). Nor does SNAP count the sensory axons. (Separate quantitative sensory tests [QST] are available to measure vibratory thresholds in large axons and thermal and pain perception in small axons.)

Because peripheral axons are living structural components of sensory neurons in dorsal root ganglia (DRG) located in or near spinal neural foramina, a recordable SNAP confirms continuity of large DRG neurons with their peripheral processes. In the arms, the “peripheral,” or postganglionic, process of DRG cells traverses the brachial plexus and peripheral nerves. SNAP does not test the “central,” or preganglionic, process, which traverses spinal roots to enter the spinal cord. A reduced or absent SNAP amplitude is not a localizing finding, because it suggests postganglionic AL at or distal to DRG, usually the loss of large DRG peripheral processes (mononeuropathies, polyneuropathies), but sometimes the loss of parent DRG cells (sensory neuronopathy). An abnormally low SNAP amplitude indicates partial loss of large DRG processes or cells, assuming delivery of adequate (supramaximal) stimulation. A normal SNAP amplitude proves there are “enough” large sensory axons, defined by published norms. A low-normal SNAP in a symptomatic dermatome or nerve territory calls for a side-to-side comparison, because a twofold or greater asymmetry is abnormal.

SNAPs are fraught with potential technical and interpretive pitfalls. First, with side-to-side comparisons, both sides may be affected (e.g., CTS). Second, although SNAP amplitudes usually are more prominently affected than motor potentials after axonotmesis, testing in the 5- to 9-day window after postganglionic AL is confusing because a reduced compound motor action potential (CMAP) but normal SNAP amplitude falsely suggests a preganglionic lesion. Third, a postganglionic lesion (e.g., plexopathy) does not exclude a concurrent preganglionic lesion (e.g., radiculopathy), especially when the injury may involve both (e.g., motorcycle traction injury to arm). Finally, when neurophysiologists approach injured nerves with an inflexibly preconceived notion of what they will find, they may erroneously accept a reduced or absent sensory response as confirmatory. Common examples include an absent ulnar sensory response stimulating wrist recording from the small finger in suspected ulnar neuropathy at elbow, and an absent median sensory response stimulating wrist recording from the middle finger in suspected CTS. The most circumspect interpretation of each of these isolated findings, respectively, would be a partial AL lesion at or distal to the C8 and C7 DRGs in either brachial plexus or peripheral nerves. Particularly in ulnar neuropathy, for which there are many potential sites of focal injury from axilla to its terminal branches, the burden of localization shifts from low SNAP to motor NCS and EMG.

Clinicians approach sensory symptoms thinking of the cutaneous distributions of spinal roots (dermatomes) and peripheral nerves. To understand what SNAP actually tests, it is crucial to recall that dermatomal symptoms can arise from preganglionic axons, postganglionic axons, or both. For example, C8 radiculopathies and lower-trunk plexopathies may cause similar distributions of distal sensory symptoms. With preganglionic C8 radiculopathies, postganglionic C8 axons are intact, so SNAPs are normal when recorded in the C8 dermatome, however numb the skin (e.g., ulnar nerve recording of the small finger, or dorsal ulnar cutaneous nerve recording of the dorsomedial hand). With lower-trunk plexopathies, similar sensory symptoms on the medial forearm or small finger could correspond with SNAP amplitudes that are absent, reduced in absolute terms, low-normal but less than half contralaterally, or normal if symptoms arise from irritation of large C8 postganglionic processes without AL or selective irritation or injury to c-nociceptor axons in the C8 dermatome.

Sensory nerve injuries recover through remyelination (over weeks to months) or regeneration of cut axons (1 inch/month or 1–2 mm/day). Reduced sensory amplitudes mean either that stimulation and recording distal to the point of actual partial CB is technically impossible or that the nerve is not there. As CB lesions remyelinate or large axons regenerate, SNAP amplitudes increase. However, sensory (and motor) axon sprouts may not reach their original target due to neuroma formation, blockage by scar, misdirection (aberrant regeneration), or regeneration failure (e.g., certain toxic neuropathies).


Motor Nerve Conduction Studies, Injury, and Regeneration

Interpretation of CMAPs uses similar principles and “templates” as for SNAPs, but several differences should be recognized. Even though both test living peripheral nerve systems, the proximal anatomy of the “motor unit” differs from the large DRG and peripheral process sensory system in diagnostically important ways. First, different sites of lower motor neurons (LMN) and DRG neurons aid in localization. LMN (anterior horn cells) are clustered in the spinal cord ventral horn, proximal to both spinal roots and sensory neurons located in the DRG at or near the spinal neural foramina. SNAPs do not reflect sensory root injury in cervical radiculopathies. For both motor NCS and needle EMG, neurophysiologic testing of the living “motor unit” includes LMNs, motor root and axons, NMJ, muscle membrane, and muscle fibers. Significant motor AL at LMN or root levels may be reflected as abnormal motor NCS (see Fig. 15-1B), EMG, or both. Because muscles are supplied by more than one motor root, acute AL in a single root must be severe to reduce CMAP amplitudes recorded distally, although side-to-side CMAP comparisons may be helpful. Second, given the rather different locations of anterior horn cells (AHC) and DRG, abnormalities in CMAP or EMG together with normal SNAP from the same spinal segment define a preganglionic lesion. Although interpretations should pass the test of reasonableness, mutually reinforcing CMAP, EMG, and SNAP findings that align to suggest a preganglionic rather than an expected postganglionic lesion should be taken quite seriously. When clinical and neurophysiologic localization appear to disagree, the neurophysiologist has a responsibility to consider the timing of the study relative to WD, additional testing (side-to-side, specialized, and serial), unexpected concurrent lesions, and even neuromuscular diseases. Occasional patients with painless thenar atrophy with suspected CTS show expected low-amplitude of the abductor pollicis brevis, but on EMG are found to have generalized motor neuron disease.

Although the rates of WD and axon regeneration are similar for sensory and motor axons, the distal anatomy of the “motor unit” and recording site for CMAP relative to it differ significantly from the sensory system as reflected in SNAP. First, unlike SNAP, which amounts to a “snapshot” of a traveling wave of depolarization passing under the recording electrodes over a “named” nerve, the CMAP represents the potential difference between a recording electrode on a muscle’s “motor point” and a reference electrode off muscle. Although most reduced CMAPs recorded in patients with hand problems are caused by AL or demyelination related to focal mononeuropathies, it is important to recall that the motor unit reflected in CMAP tests more structures than just nerves. Thus, reduced or absent CMAP may reflect disorders of LMNs, roots (compressive and infiltrative), plexus, peripheral nerves, NMJ, muscle membranes, and muscles. Second, reinnervation after motor AL underlies increasing CMAP amplitudes and areas (but different wave shapes) by two distinct mechanisms: collateral sprouting and regeneration. Since sensory axons do not branch, sensory reinnervation proceeds by the sole mechanism of regeneration—the distal advance of growth cones. By contrast, after partial AL motor axons in continuity with muscle undergo collateral sprouting by 3 to 6 months to reinnervate disconnected muscle fibers. In addition, cut axons may regenerate at similar rates as sensory axons to grow back into muscle, provided they are not blocked or diverted. Muscle NMJs accept connections with ingrowing regenerating motor axons for a finite period, a year or possibly longer, depending on patient age and various strategies to prolong that receptivity. Because the CMAP (but not SNAP) is recorded from an end organ (muscle), and because there are two motor but only one sensory mechanism for reinnervation, a normal CMAP amplitude recorded in both the acute phase after nerve injury and chronic phase after reinnervation may misleadingly imply a normal number of motor axons. Further study with EMG would show reinnervation.3,5,14,16


Electromyography

It is beyond the scope of this chapter to discuss the diagnostic power of EMG in the evaluation of neuromuscular diseases. Even in the evaluation of focal peripheral mononeuropathies, EMG plays an indispensible role by demonstrating unsuspected PNS lesions, showing partial motor continuity that might not be clinically apparent after nerve injury, providing insight into the acuity of motor denervation and the cumulative extent of chronic denervation, and documenting reinnervation. Well-designed, skillful EMG studies provide such crucial information complementary to NCS that test requisitions stipulating “NCS only” (to spare the patient needles) do the patient a disservice.

In standard EMG, a sterile concentric or monopolar needle electrode is inserted into a muscle to record electrical activity on needle insertion, spontaneous activity in the resting muscle, and motor unit potentials (MUP) with voluntary contraction.

Insertional activity in the resting muscle on EMG needle insertion is often overinterpreted, but when markedly increased it suggests muscle membrane irritability immediately after axonotmesis before spontaneous activity appears or an underlying disorder of muscle membrane or muscle. (Clinicians should be wary of EMG diagnoses based exclusively on “increased insertional activity.”)

Spontaneous activity in the resting muscle includes fibrillations and positive sharp waves, which reflect “acute” AL in denervating disorders and muscle fragmentation or necrosis in myopathies. Fibrillations and positive sharp waves are seen in neuropathic disorders when the EMG needle tip is near viable muscle fibers disconnected from axons and emerges in an axon stump length-dependent pattern. In acutely denervated muscles with short stumps, such as cervical paraspinals after radiculopathies and nerve transactions near muscle, these discharges may appear in 7 to 10 days. Usually, however, the muscle of interest is well distal to the injury site, such as an ulnar innervated intrinsic hand muscle after acute AL at the elbow. In such cases, fibrillations and positive waves appear after WD has occurred, requiring 3 to 4 weeks to appear. They persist until “silenced” by muscle reinnervation by collateral sprouting, nerve regeneration, or fibrosis of muscle isolated too long from axonal trophic support. Fasciculations are spontaneous discharges in resting muscle that reflect irritability of motor axons in continuity anywhere from LMN to muscle, as seen in motor neuron diseases, radiculopathies, mononeuropathies, polyneuropathies, and myopathies. Fasciculations can be observed by visual inspection of muscles; fibrillations require needle EMG.

Voluntary activity generates an “interference pattern” on the EMG oscilloscope that ideally reflects graded patient effort from slight to full contraction. Analysis includes MUP amplitude, duration and morphology (generally larger and more polyphasic after reinnervation), and firing patterns. MUP recruitment analysis judges firing rates of single MUPs relative to the number of MUPs firing. In normal muscle, no MUP should fire excessively fast; as more force is required, more MUPs recruit. In denervating processes, recruitment is decreased, meaning that a reduced number of MUPs are seen firing at excessive rates. Immediately after nerve injury and before WD, before CMAP amplitudes decline and fibrillations and positive waves emerge, EMG recruitment is reduced in weak muscles whether the lesion is AL, CB, or both. Reduced recruitment in early demyelinating processes (e.g., soon after “Saturday night palsy” or Guillain–Barré symptoms) may be “downstream” evidence of proximal neurapraxic CB, which carries a good prognosis with remyelination. Neurophysiologists should always provide a semiquantitative severity estimate for recruitment abnormalities because, together with NCS, such estimates can greatly assist in decision making.3,14


“Positive” Sensory Symptoms and Test Sensitivity

Patients with nerve problems seek help for negative symptoms (a lack of sensory or motor function) or positive symptoms (excess or ectopic function). Negative sensory symptoms include numbness, whereas positive sensory symptoms include tingling and burning. Negative motor symptoms include weakness, whereas positive motor symptoms include cramps and fasciculations. Negative sensory and motor symptoms from the PNS correlate well with NCS and EMG abnormalities. Likewise, positive motor symptoms and signs often correlate with specific discharges on resting EMG and abnormalities on motor NCS or EMG during muscle contraction.

By contrast, positive sensory symptoms are elusive and sometimes frustrating for referring clinicians and neurophysiologists alike.17 The SNAP correlate of tingling from large sensory axons may be a normal study, a nonlocalizing AL pattern, or localizing demyelinating SS, CB, or TD if recorded over a suggestive short nerve segment. The SNAP correlate of burning from small sensory axons may be a normal study, unless there are measurable large-fiber NCS abnormalities. The words “this study provides neurophysiologic evidence of” should precede every list of conclusions because, strictly speaking, a normal study does not “rule out” a PNS basis for paresthesias. It is crucial to recall the tradeoff between the sensitivity and specificity of diagnostic tests in general18 and of neurophysiologic tests for specific nerve entrapments. In early CTS, some 10% to 15% of patients with “classic” sensory symptoms have normal NCS, a level of sensitivity sometimes criticized because it allows for too many false negatives. Some clinicians respond by using clinical test batteries and stress tests for entrapments with sensitivities said to rival NCS, though the precise clinical definitions and NCS norms used can be self-fulfilling. Some neurophysiologists respond by doing many specialized NCS variations to detect any abnormality, or they stress borderline changes. Such strategies risk high false positives, particularly in entrapments like CTS and ulnar neuropathy in which standard NCS and common internal comparison studies are sensitive. Neurophysiologists should comment when NCS of an entrapment is inherently insensitive (e.g., pronator syndrome).

The approach recommended herein recognizes the relative scarcity of natural history studies of very mild clinical entrapments, the illusion of the perfectly sensitive and specific test,19 and the strengths of properly performed neurophysiologic consultation (objectivity, context, prognosis). It is important that neurophysiologists remind referring clinicians routinely in their reports that conventional sensory NCS do not test pain-sensitive structures that, when irritated, may underlie paresthesias arising from “named” peripheral nerves, myofascial structures, sensory roots, or the central nervous system. However, normal results in cases of possible entrapment for which NCS are highly sensitive provides reassurance that conservative management may be justified.


Summary: Quality Assurance and Patient and Clinician Satisfaction

Published neurophysiologic guidelines delineate professional, technical,20 and ethical21 standards for physicians providing electrodiagnostic consultation. Although clinicians look first for responsive “bottom line” results on NCS and EMG reports and may lack the experience to evaluate study design, certain markers of reliability should be apparent on the face of each report.

Hallmarks of careful studies tailored to the patient include (1) pertinent departures from routine to confirm borderline changes, (2) circumspect interpretation of minor deviations from normal, (3) routine adjectives that estimate the severity of NCS22 and EMG abormalities, (4) the “fit” between referral issues and anatomic scope of study, (5) substantive clinical correlations, and (6) interpretations that suggest alternative diagnoses based on the objective data recorded. External indicators of technical quality on reports include (1) specification of the predominant pathologic process in neuropathic cases, (2) reported NCS normal values and temperature measures, (3) “internal comparison” studies, (4) side-to-side NCS comparisons for borderline results (especially in brachial plexopathies), (5) repetition and careful verification of difficult subtests, (6) actual NCS waves included with the report, and (7) patient satisfaction.

The importance of establishing confidence with the patient by using a reassuring manner and a thoroughness of approach cannot be overemphasized, given the discomfort inherent in NCS and EMG and the necessity of patient cooperation and relaxation for best results. Optimal neurophysiologic consultation is a process that calls for excellent communication not only between neurophysiologist and referring clinician before and after the study, but also between patient and neurophysiologist during the study. The optimal neurophysiologist puts the interests of the patient first, which includes a willingness to treat them with kindness, talk to them, and even say “I’m sorry that hurt” after a painful procedure.
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CHAPTER 16
Outcome Measurement in Upper Extremity Practice

JOY C. MACDERMID, BScPT, PhD


WHAT IS A HEALTH OUTCOME MEASURE?

HOW CAN CLINICIANS USE OUTCOME MEASURES?

WHAT ARE THE IMPORTANT MEASUREMENT PROPERTIES OF OUTCOME MEASURES?

WHAT DO I NEED TO KNOW BEFORE USING OUTCOME TOOLS?

HOW DO I FIND OUTCOME MEASURES THAT ARE SUITABLE FOR ME?

HOW DO I ADMINISTER THE OUTCOME MEASURE TO MEASURE CHANGE IN MY PATIENTS?

HOW DO I ANALYZE OUTCOME SCORES?

HOW DO I INCORPORATE PREDICTORS OF OUTCOME?

HOW DO I SET UP A PROCESS TO MEASURE OUTCOMES IN MY PRACTICE?

SUMMARY







CRITICAL POINTS

▪ Outcome measures need to be both reliable and valid.

▪ Therapists should perform outcome evaluation using procedures that incorporate currently accepted standardized methods both in the clinical setting and in manuals or research paper(s).

▪ Outcome measures are typically used for evaluation over time, but they can also be used to discriminate between patient groups and predict future status such as return to work.

▪ The implementation of outcome measures within clinical practice requires information that may require purchase or permissions from developers and always requires knowledge about proper scoring and interpretation of scores.

▪ Selecting the appropriate outcome starts with determining the purpose and scope of measuring and then requires matching the patient’s problem, level of difficulty, and communication capacity with these properties of the tool.




What Is a Health Outcome Measure?

A health outcome measure is any measurement of a patient’s health status. That view of health status can be broad, such as when we measure overall health or quality of life. We can also focus on very specific aspects of health. Pain and function are specific aspects of health that are of particular interest to hand therapists. Health can change over time as a result of time, treatment, or disease. Patients’ perceptions of their health status can change because of anatomic and physiologic changes that alter body functions, psychological changes that affect perception, or calibration of health or social changes that alter the experience of living with a specific health status. For this reason, measuring outcomes can be complex and requires a theoretical foundation, as well as different instruments to account for different perspectives and purposes.

The most internationally accepted standard of health is proposed by the World Health Organization. This organization produces both The International Classification of Diseases (ICD) (www.who.int/classifications/icd/en/) and an International Classification of Functioning, Disability and Health (ICF) (www.who.int/classifications/icf/en/). The latter is increasingly being used as a framework by which outcome measures are classified1-6 (Fig. 16-1).
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Figure 16-1 The conceptual model for the International Classification of Functioning. (Adapted from www.who.int/classifications/icf/en/.)





Body functions are physiologic or psychological functions of body systems.7 Body structures are anatomic parts of the body, such as organs, limbs, and their components. Impairment is the loss or abnormality of psychological, physiologic, or anatomic structure or function. Examples of impairments that hand therapists typically measure include hand size, appearance, strength, range of motion (ROM), volume, sensory threshold, and pain. Methods and interpretation for measuring impairments of the hand are the traditional focus of hand therapy and are detailed in many of the chapters in this book discussing evaluation.

Activity is the execution of a task or action by an individual. Participation is involvement in a life situation. Inability in these areas can be termed activity limitations or participation restrictions. Tests that measure performance of specific tasks include tests such as the TEMPA (Test d’Evaluation des Membres Supérieurs de Personnes Agées),8 Jebson Test of Hand Function,9 Purdue Pegboard,10 Minnesota Rate of Manipulation Test,11 the RNK dexterity test,12,13 and other “hand function tests” can measure activity limitations. Activity limitations can also be measured by self-report by asking individuals whether they can perform a specific activity like lifting a grocery bag. Indicators that focus on resuming roles, like returning to work, reflect participation and can be considered as measures of actual status or by self-report. Many self-report functional scales contain both activity and participation type of items. In fact, a number of studies have now classified items of specific upper extremity scales14,15 or hand problems16-18 using the ICF. However, moving ICF into practice has been slow. Recently, core and brief core measures were developed for hand conditions using an international evidence-based consensus process. These codes are available for all to use (www.icf-research-branch.org/research/Hand.htm).

In this chapter, we discuss principles that apply to all outcome measures, but emphasize self-report because many of the chapters in this book have focused on impairment measures.


How Can Clinicians Use Outcome Measures?

The basic functionalities about the measure’s scores include evaluation of change over time, discrimination between groups of patients, and prediction of future status.19 Hand therapy is characterized by development of advanced evaluative measures of hand impairment. Publication of Clinical Assessment Recommendations was one of the first accomplishments of the American Society of Hand Therapists, and the second edition remained in print for 20 years.20 This guide has traditionally focused on measuring hand impairments. However, increasingly it is becoming standard practice to include functional measures—particularly those involving self-report. In fact, some payers now mandate this practice. A new expanded version of the Clinical Assessment Recommendations is expected in 2010 and will include self-report measures and information on ICF.

A standardized outcome measure is one that has specific properties: it is published; there are detailed instructions on how to administer, score, and interpret the test; it has a defined purpose; it was designed for a specific population; and there are published data indicating acceptable reliability and validity. Standardization in clinical measurement is essential to ensure that outcome measures are capable of providing valid information about a patient’s health status.


Evaluation over Time

The most common application in clinical practice is evaluation over time.19 Optimally, evaluation over time includes using outcome measures to set goals and then determining whether detectable important changes have occurred.

When designing a treatment plan, hand therapists typically determine which pathologic processes or physical impairments are contributing to the patient’s complaint or compromised health. Treatment programs are then designed to allow optimal recovery and to minimize any residual impairment or functional limitation. Before and after intervention, examination is required to determine the effectiveness of the selected intervention. For example, if a therapist evaluates a tendon repair and is concerned about tendon gliding, then active range of motion (AROM) is appropriate to measure. Treatment for this patient might include a variety of interventions that are expected to improve tendon glide. It is essential that hand therapists evaluate impairment measures that are expected to change, such as AROM in this case. However, AROM may not be relevant to function for all patients, problems, or stages of recovery. Therapists should avoid “rote” use of any measure without considering the context and whether the measurement is able to provide useful information. If we think about a flexor tendon patient who achieves improved glide as result of hand therapy, the goal should be concomitant to improving the patient’s ability to perform activities such as gripping a handle and more successful participation in work. These effects can be measured using standardized outcome instruments. However, a review of outcome measures used when assessing patients with tendon and nerve repairs indicates a primary focus on impairments, particularly range of motion.21

The first step in using outcome measures to evaluate change over time begins at the initial assessment. The therapist must select an appropriate measure that is both relevant to the patient’s problem and also has capacity to detect change. (See Table 16-1 and companion Web site for examples.) A short-term goal for improvement is then set using evidence from the literature about the minimal detectable change (MDC). Short-term goals are set to exceed the minimal detectable change so that you can be confident that the patient has improved beyond the amount that might occur due to random fluctuation in patient status. Longer-term goals can be set using your clinical experience about reasonable targets for that patient population or surgical procedure, with assistance from published outcome studies that provide scores for different patient subgroups and stages of recovery. Using MDC helps us determine whether patients have changed in subsequent reassessments. Using published outcome data we can determine if patients have met acceptable targets.

Table 16-1 Examples of Self-Report Scales Used on Outcome Evaluation in the Upper Extremity
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Discrimination

Discrimination between groups is required when the purpose is to discern different subgroups within a population.19 For example, the Katz hand diagram22 discriminates between individuals having carpal tunnel syndrome (CTS) and those who do not. Others have developed a diagnostic scale to assess the probability of CTS.23 Diagnostic tests are not outcome measures, but rather are designed to differentiate different groups (e.g., those having a pathology versus those who do not). In general, measures designed for diagnosis are not useful for evaluating change over time. For example, Phalen’s test is useful for diagnosing CTS but not for assessing treatment effectiveness or outcome. Discrimination can also be performed for other purposes than diagnosis. It can be important to differentiate among clinical subgroups that do not require different treatment approaches or have a different prognosis. For example, with constructs like readiness or capability to return to work, safety during mobility, or return to home, determining if illiteracy is a factor can help in deciding how best to optimize treatment planning and patient outcomes. Increasingly, we are seeing a move toward differentiating patient subgroups that require different treatment approaches. Scales (or clinical prediction rules) devised for this purpose are an example of discriminative measures.


Prediction

Finally, outcome measures can be used to predict future outcomes. What will be the final strength 1 year after a fracture? Who will return to work? Who will require surgery for median nerve compression? These are prediction questions that might interest clinicians. When we predict outcomes, we use scores on rating scales at some preliminary stage to predict future scores or outcomes. For example, we demonstrated that patients presenting for conservative management of carpal tunnel that subsequently proceeded to have a surgical release had higher initial symptom severity scores24 than those whose conditions were successfully managed conservatively (3.3 vs. 2.9). Similarly, high baseline scores after a distal radius fracture were indicative of patients less likely to return to work at 6 months.25 In fact, baseline score is commonly a predictor of final status, suggesting that patients presenting with unusually poor scores are usually at higher risk of poor outcomes.

Outcome measures have specific measurement properties that determine how well they function in evaluating change, discriminating, or predicting. These measurement properties can be competing; therefore, an instrument designed for one purpose may not be suited to others.19 Generally, hand therapists are most interested in evaluative measures. Unfortunately, in some cases, clinicians use measures designed for discrimination as evaluative outcome measures without realizing they may not be appropriate for this purpose. For example, hand diagrams are useful for assessment, but not for evaluating treatment. Similarly, evaluative measures may not be predictive. For example, AROM may be used to evaluate a change in tendon glide over time, but does AROM predict the ability to return to work? We demonstrated that physical impairments were less predictive of time to return to work following distal radius fracture than were self-report measures.25 Although there is some evidence in the clinical literature on the evaluative aspects of AROM as an outcome measure, we really do not have much evidence on its predictive or discriminative properties. It is clear that it is important to “pick the right tool for the job.”


What Are the Important Measurement Properties of Outcome Measures?

The three measurement properties fundamental to how a tool can be used for clinical measurement are reliability, validity, and responsiveness (ability to detect clinical change over time).


Reliability

Reliability is the consistency or repeatability of a measurement. Reliability is fundamental to other measurement properties because without stability, the utility of any measure is compromised. However, high reliability, in itself, does not ensure that other measurement properties are also acceptable. Therefore, both the reliability and validity of outcome measures should be documented before clinicians use them to make decisions.

Measurements can be repeated by the same therapist (intrarater), by different therapists (inter-rater), or on different occasions (test–retest). Generally, intrarater reliability is higher than other forms of reliability analysis because the measurement error attributable to differences between testers and occasions is not considered. However, for evaluating patients over time, it is important to know that a measure remains constant over time if the patient remains stable (i.e., test–retest reliability). When we expect to share our measurements with others through clinical assessment notes, progress reports, or research studies, it is important to note that the status we report is consistent with what others would have determined (i.e., inter-rater reliability). Some clinicians mistakenly assume that impairment measures are more reliable than self-report measures because they consider the latter subjective. Certainly, patient perceptions of their status have some random fluctuation based on factors like recent functional demands and mood. However, in general, self-report measures have higher reliability coefficients than many impairment measures.26,27

Furthermore, a variety of factors affect measured impairments like grip strength. These include consistency of instructions and positioning, and interaction effects with the tester, time of day, fatigue, nutritional status, mood, and motivations. Hand therapists should be aware of methods to make their measurements more comparable to that described in the literature and consistent over time. Standardization, including elements like consistent technique, landmarking instructions, positioning, and instrument calibration, is used by hand therapists to reduce measurement error. It has been demonstrated that certain clinical measures such as ROM can be performed reliably by both novice and experienced therapists when a standardized method is used.28 By using methods described in reliability studies, therapists can be more confident of comparing their results with those of others.

Reliability can be assessed using different statistics. Basic understanding of these statistics is important for clinicians because it helps them comprehend how to use published reliability studies to improve clinical expertise. The intraclass correlation coefficient (ICC)29 is commonly used in the hand therapy literature to describe the relative reliability (the ratio between variability observed on repeated measurements within individuals compared with the variability between individuals). Reliability coefficients can be compared with benchmarks. Various benchmarks have been proposed. Fleiss suggested that less than 0.40 indicates poor reliability, that 0.40 to 0.75 is moderate, and that greater than 0.75 is excellent reliability.30 The problem with this approach is that it suggests that reliability is a pass/fail criterion that measures should achieve. However, a better way for hand therapists to think about measurement error is that it exists for all measures and it is more important to understand the extent to which it affects a given assessment. Statistics like the standard error of measurement (SEM), or mean error, allow therapists to view measurement error in more quantitative terms.31 For example, it has been shown that ROM measurements of elbow flexion and extension vary 3 to 5 degrees on average for the same tester and 5 to 8 degrees for different testers.28 SEM is important because it can be used to calculate the MDC. Minimal detectable change is a useful target for short-term improvement as it represents the amount of change that is likely to indicate a real change in status. MDC has been established for many self-report measures. Exemplars of how to apply these principles to setting goals and evaluating change are available in the hand therapy literature.31,32


Validity

Validity is the extent to which the measure accurately portrays the aspect of health status that it was intended to describe. It can be thought of as the “trueness” of the measure.33 Validity is difficult to ascertain because in many concepts of interest to hand therapists, such as pain or disability, there is no single or measurable true answer. A measure may be valid for one purpose, but not for other purposes. For example, a general health instrument may be a valid indication of overall health but may not be valid when assessing change in upper extremity function after certain hand injuries. Therefore, validity needs to be assessed by a variety of methods and in various situations. Validity is the cumulative evidence provided to support the use of outcome instruments in specific situations to perform specific analytic functions. For this reason, various forms of validity are recognized.

Content validity is the extent to which a measure represents an adequate sampling of the concept being measured. This can be measured in the development of patient questionnaires by using focus groups or patient surveys to determine which items should contribute to the outcome scale. It can be determined through consensus reviews or expert panels that review existing items. For example, we expect a carpal tunnel instrument to include questions about classic symptoms of CTS, such as numbness, tingling, and waking at night. By looking at the items of the Symptom Severity Scale,34 we make a judgment that it has content validity.

Construct validity is the extent to which scores obtained agree with the theoretical underpinnings of that scale. Testing constructs derived from the theoretical underpinnings of an instrument requires that relationships be investigated. Does the instrument relate to other instruments the way one would expect? Scales measuring similar constructs should be correlated (convergent validity); whereas dissimilar constructs should not demonstrate a significant relationship (divergent validity). Another type of construct that is tested is evaluating whether subgroups expected to be different based on the theoretical construct or existing evidence demonstrate this difference on the outcome measure being evaluated (known groups validity). For example, do people with more severe fractures score more poorly? Do patients in a nursing home have lower scores than patients living independently?

The process of demonstrating whether an instrument is valid and reliable is ongoing and requires multiple studies to ensure that measurement scales can be applied to different clinical populations and examination needs. Clinicians are often tempted to devise their own instruments or modify existing instruments to make something that is directly applicable to their own clinical situation. This is not advisable as the new instrument is not validated, nor comparable to other scores.


Responsiveness

The ability to detect change over time is critical to determining whether patients improve with treatment or deteriorate over time. Responsiveness is the measurement property that reflects this. Numerous studies in the hand therapy literature compare the responsiveness of different self-report and impairment measures. It is important for hand therapists to know about the relative responsiveness of different tools they might use in their practice. If an instrument is not able to pick up change, then insurers, patients, or members of the health-care team may not believe that the treatment efforts are effective. As a first step, therapists should consult the literature to find out about the relative responsiveness of different tools. As a general rule, the more specific the measure is to the problem or condition that is being treated, the more responsive the tool usually is. As an example, the Short-Form 36 (SF-36) is the common and important indicator of general health status. However, it is generally not very responsive in hand conditions. This might be expected when looking at the items since few of them relate to upper extremity function. However, therapists must also consider whether an instrument will be responsive in specific patients. A common example is patients with higher levels of functioning (younger, healthier patients) or higher demands (athletes, musicians, workers) who are unable to perform their normal roles but generally do not have difficulty with the lower-level items of many common functional scales. As a general rule, if a patient scores near the upper or lower range of a score, therapists should think about the potential for “ceiling” or “floor” effects. If the score is at a range where a MDC could not be achieved, then the tool is not appropriate for that patient. A different tool or a patient-specific tool might be indicated in these cases.


What Do I Need to Know Before Using Outcome Tools?

It is important to select an outcome measure that is reliable and valid for the purpose and clinical examination. A thorough search of the literature for a measure that meets your clinical examination needs is advisable since many recently developed impairment and disability measures are available. Then literature on the measurement properties of potentially useful instruments should be reviewed to determine which ones have acceptable measurement properties.

Once a measure with acceptable measurement properties has been identified, the clinician needs to investigate issues of practicality. Some patient questionnaires require permission from the authors or payment (or both) before being used. The time required to complete the test, language requirements, cost, data analysis requirements, and training requirements must be determined. Issues around whether a measure is feasible for your clinical setting are important considerations. Standards for the use of measures were described in 1991 by the American Physical Therapy Association’s Task Force in their Standards for Tests and Measurements in Physical Therapy.35 Other sources of information on standardization are the Advisory Group on Measurement Standards of the American Congress of Rehabilitation Medicine and a variety of publications that focus on outcome measures.36 The general standards for use of measures discussed here are also addressed elsewhere.33,35,36

Users of measures should know the technical aspects of the instrument; that is, they should have documentation about the test’s scoring, interpretation, reliability, and validity. For impairment-based measures, details on calibration and test positioning and procedures are key. Self-report measures have specific scoring metrics. Some instruments, such as the Disabilities of the Arm, Shoulder, and Hand (DASH)37 or the Patient-Rated Wrist Evaluation (PRWE),38 can be easily scored by the therapist at the time of examination. Others, such as the SF-36, have more complicated scoring algorithms.39,40

Measures should be used by the individuals who have the necessary training, experience, and professional qualifications. Certain types of examinations tend to fall in the domain of specific professionals. For example, certain psychometric examinations are performed only by licensed psychologists. Some aspects of hand examination require the expertise of a trained hand therapist. However, a number of outcomes can be evaluated by other professionals or even support staff. One purpose of reliability studies is to define what level of training and experience is required to administer a measure. Some assessments may not be technically demanding, and, thus, both inexperienced and experienced testers may achieve highly reliable results. For example, elbow flexion and extension and forearm rotation have been shown to be reliably measured when the tester is an experienced orthopedic surgeon, an experienced hand therapist, or an inexperienced physical therapist.28 Some physical assessments may require greater technical skill. For example, passive movement characteristics of the shoulder have been measured reliably when the tester is an experienced manual therapist.41 Knowledge of the technical skills required to perform specific measures may help determine appropriate delegation.

Therapists should make themselves aware of the training procedures required to properly administer a test and ensure that they adhere to the procedures. Sometimes the detail on how to perform the test or train personnel to perform the test is not provided or is incomplete. Dexterity tests such as the Jebson Hand Function Test are widely used to assess patient outcomes. However, the detail on how the test is performed is insufficient, resulting in variations in how different clinicians perform it. Therapists can find details about how to perform a test in a manual or in reliability studies. When the details of how to perform a test are absent or incomplete, it is the tester’s responsibility to locate detailed instructions and to use these in clinical practice.

Having normative data or comparative data is required to interpret outcome scores objectively. For example, when commenting on a patient’s strength, it is advisable to compare the patient’s injured hand with the best estimate of that particular patient’s normal strength (i.e., his or her uninjured side) and to also compare that patient’s strength against scores considered normal values for patients of a similar size, age, and sex. Conclusions about the extent of strength recovered during rehabilitation or the ability to perform strength-based tasks can be made using these comparative data. For health status questionnaires like the SF-36, normative data and data for pathologic conditions are available for comparison.40 Normative data for upper extremity self-report measures is less common, but comparative data for clinical populations is readily available from clinical research.

Therapists should know the proper environmental conditions and equipment requirements for completing the outcome evaluation. For example, examination of sensory thresholds requires specific equipment and environmental conditions. The patient must be positioned properly, and the surroundings must be quiet if an accurate measurement is to be achieved. Instruments must be sensitive to small increments in pressure and they must be calibrated to ensure that they remain consistent over time. Environment can also affect self-report measures. Patients may feel uneasy about expressing dissatisfaction to their doctor or therapist, but they can be more frank when an independent assessor administers the questions. Telephone administration or the use of interpreters may be necessary to obtain self-report information, but might influence how people respond. The optimal approach to administering self-report measures is to have them administered by an independent person, such as the clinic receptionist providing the forms.


How Do I Find Outcome Measures That Are Suitable for Me?

The first step in identifying an appropriate instrument is to decide which concepts are important to measure based on the problem being treated and the expected effects of the intervention. As previously stated, the ICF framework is increasingly being used as a conceptual framework. Outcome measures can be found by searching the literature or textbooks for information addressing their psychometric properties. For impairment measures, search (using Boolean operators) for the type of measure (e.g., grip, strength, motion) AND (reliability OR validity) in PubMed or the Cumulative Index to Nursing and Allied Health Literature (CINAHL). You should retrieve numerous articles addressing clinical measurements. For self-report measures, there is no standard term, so using synonyms for a self-report outcome measure like “self-report” OR “questionnaire” OR “outcome measure” can be a good search strategy, combined with the psychometric terms (reliability OR validity) to identify appropriate clinical studies. Sometimes you will be fortunate to find a systematic review of an outcome measure like ones published for the neck disability index,42 shoulder outcome measures,43,44 hand measures,45 or measures specific to hand osteoarthritis.46 Often, the actual forms required must be obtained from the developers as they may not appear in studies. Another source for locating outcome instruments are Web sites specific to the measures. Searching “outcome measure database” in a search engine takes you to a number of databases that contain information about different outcome measures. Many of these are by professional groups affiliated with rehabilitation. Searching using the name of the scale you wish to find and PDF (or using an advanced search to limit your retrieval to PDF files) can help you locate downloadable forms available on the Internet.

Data extraction forms, critical appraisal forms, and guides are available to assist in critically appraising the outcomes scales themselves.32,47,48 However, in most circumstances, hand therapists are interested in using a measure that has acceptable psychometric properties, is clinically feasible, and is used by others in the profession.

Two commonly used self-report measures are the DASH and the PRWE. The DASH is a 30-item scale that focuses on disability of the upper extremity, but also contains items on symptoms.49-51 The items are summated using a simple equation. The PRWE has 15 items; 5 addressing pain and 10 addressing disability (6 standardized specific activities and 4 inquiring about the patient’s usual preinjury activity). Both have high reliability and have been validated for a variety of hand and wrist conditions, have been translated into multiple languages, and are used by a variety of hand therapy practices.31,38,52 The DASH has the advantage of being useful for conditions of the upper extremity and being widely recognized. It is slightly less responsive than the PRWE for hand and wrist conditions, but substantially more responsive than generic measures.53-55 Recently, the QuickDASH56 was introduced. It contains 11 items from the original DASH, and in early studies has shown equivalent psychometric properties.57-62 Any of these measures are appropriate for routine use in a hand therapy clinic as a supplement to relevant impairment measures. However, in some patients, traditional standardized self-report forms may not be adequate. Examples include patients with high demands (e.g., workers or athletes), unique skills (e.g., musicians), unique conditions (e.g., congenital problems, instability), or a mild spectrum of disease in an otherwise healthy patient. In these cases, scales specifically designed for the higher-level functioning may be an alternative. However, in many cases these are not available. Another alternative can be patient-specific scales. This option allows patients to select items that are of importance to them and for which they are currently experiencing difficulty. Therefore, the level of difficulty is determined by the patient. A brief form of this is the Patient-Specific Functional Scale,63,64 in which three to five items are selected by the patient and rated on subsequent examinations. A more detailed clinician-administered instrument is the Canadian Occupational Performance Measure,65-68 which identifies occupational performance issues in different domains and rates them according to performance and satisfaction. Both measures are suitable for hand therapy practice, although the latter is more time-consuming to use. Patient-specific scales can be very useful in clinical practice since they are by nature client-centered and tend to be most responsive in picking up clinical change. One drawback is that scores cannot be compared across patients because the items are different. But since most therapists are interested in change over time, this does not affect their usefulness in treating individual patients.

When a clinical condition has unique features and is common, a condition-specific tool may be developed. The most commonly used example in hand therapy is the Symptom Severity Scale.34 This tool goes by several names, but addresses symptoms specific to CTS, such as waking at night, numbness, and tingling. It has been shown to be more responsive than functional scales and generic scales in detecting recovery following treatment for CTS.69

A number of scales combine measures of impairments, such as ROM and strength, with measures of functional ability, which is usually evaluated by the clinician. Examples of such scales are the Mayo Elbow Performance Index (MEPI)70 and the Constant–Murley score.71 Scores from these scales are often rated as excellent, good, fair, or poor so that the number of patients falling into each category can be reported in case series or outcome studies. Clinicians should be aware that these scales have limitations. The subjective categories are not meaningful because they have not been validated, are not consistent between scales, and are not reliable.72 These scales tend to be developed by clinicians based on their personal opinion of items to include and weighting of subcomponents and, hence, have not been developed through the optimal clinimetric process. Of greater concern is that the reliability and validity of these scales tends to be poorly addressed. The most studied of this type of scales is the Constant-Murley scale developed for the shoulder. A recent systematic review of this measure highlighted some strengths and limitations of this scale.73 Given that impairment and disability are separate constructs, it is advisable for therapists to track and interpret these separately in clinical practice. Where these clinician-based scales are used, the actual score—not subjective ratings like” good” and “fair”—should be reported.


How Do I Administer the Outcome Measure to Measure Change in My Patients?

When using outcome tools to assess change in individual patients, a number of practical details must be considered. Who will administer the questionnaire? Some therapists like to introduce the questionnaire themselves to their patients as a way to facilitate their subjective evaluation of them. Other therapists prefer the questionnaire to be administered by an independent person to minimize the opportunity for bias. Therapists need to work collaboratively with others in their clinic to determine which process is optimal for their clinic.

The way in which the questionnaire is administered may depend on the patient’s capacity. The effect of illiteracy is grossly underestimated. When patients ask a spouse or family member to fill out forms, refuse to cooperate, or ask to take questionnaires home, illiteracy may be the underlying reason. Others may try to mask their illiteracy by completing the forms, but their answers will be nonsensical. By offering to read questions to patients in a circumspect way, or allowing them to complete it with a spouse, you can provide these patients the opportunity to convey their opinions on their status without compromising their dignity.

It is important to plan how often outcome instruments will be administered. A baseline and final status evaluation are the minimum requirements for determining the effect of treatment. However, when instruments are used throughout a treatment program, they can help assess the course of recovery. In this case, they must be applied at intervals over which an MDC is expected to occur. Some developers recommend 2 weeks, but clearly this depends on the rate of change of the problem. Instruments are not usually completed twice within the same week because patients may be relatively stable within this time frame.

Some clinical examinations are performed for research or program evaluation and require a postdischarge or long-term evaluation. This should be performed when surgical and rehabilitation efforts have been maximized. Long-term follow-up can also be performed to gauge deterioration in patients with chronic disease or to gauge the effects of late complications (e.g., joint arthoplasty failure). In these cases, it may be necessary to use multiple types or occasions of contact to get adequate responses. A combination of mail, phone, or Internet surveys of status can be useful for determining longer-term status with adequate response rates so that the information is considered valid.


How Do I Analyze Outcome Scores?

Treatment effects are assessed by evaluating the change in score from baseline to post-treatment. The MDC is the amount of change that exceeds measurement error. The clinically important difference (CID) is the amount of change that has been shown to make a difference to patients. These two concepts are determined differently, but a discussion of those methods is beyond the scope of this chapter. It is important to be aware of these two indicators because they help with interpretation of outcome measure scores. MDC and CID can sometimes be found in clinical measurement studies. Individual scores can be interpreted using these two concepts in combination with their clinical skills about expected outcomes and data from normal patients. MDC is a useful benchmark for short-term goals since it is the amount of change that provides us confidence that the person’s ability has actually changed. Longer-term goals should exceed CID since we know that this amount of improvement should indicate a true benefit to the patient.

When introducing a new impairment or disability measure into your clinical practice, you must ensure that it is used as designed by the developers. Sometimes, because of the space limitations in scientific journals, the methodology description for tests has been abbreviated and the detail is insufficient to allow replication. In these cases, the user is obligated to contact the authors of the new methodology to provide more thorough instructions.


How Do I Incorporate Predictors of Outcome?

When measuring outcome and describing it to others, it is important to know and document important predictors of outcome. Unfortunately, we are at a preliminary stage in our understanding of how impairment translates into disability. Understanding this relationship is important in providing an accurate prognosis for patients, determining who is likely to benefit from treatment, and designing treatment programs that focus on the critical components of the disability and handicap. Certain factors, such as age, job demands, and comorbidity, may affect outcome in a predictable fashion; others, like gender, may have variable effects depending on the pathology or construct.

Severity of injury is an important consideration in evaluating outcome. Therapists need to understand how severity of injury affects prognosis and treatment response. For example, it has been suggested that conservative management is most effective for mild CTS. Our outcome data on distal radius fractures suggest that patients with more severe fractures (i.e., those with more radial shortening) experience more pain and disability in their long-term outcome.74-77 On the other hand, patients with severe limitation at a baseline assessment have the most “room for improvement” and may experience the greatest change in raw scores.

Patient characteristics can also be powerful predictors of outcome. Further research is required to fully understand which patient characteristics affect outcome in upper extremity conditions. When patient characteristics and injury characteristics present at baseline examination of distal radius fractures are assessed, the most important predictor of the extent of pain and disability at 6 months after fractures was the presence of injury compensation (legal or worker’s compensation).75,77-79 Level of education was also shown to be predictive of outcome. It is important to recognize that these are associations and not necessarily causes. Injury compensation may be related to the level of difficulty of the job or to motivation. Educational level may relate to a number of factors, such as ability to modify job demands, ability to acquire less demanding employment, ability to understand home programs, and compliance.


How Do I Set Up a Process to Measure Outcomes in My Practice?

In studying the implementation of outcome measures into practice, key elements have been determined.31,32,80 These include spending some initial time evaluating why the measures might be useful and how they might be used. Therapists need to determine how “high-tech” or “low-tech” their clinics’ process will be, based on practical issues such as computer accessibility or funding. Hand therapists still predominantly use paper and pencil self-report measures in practice, although a customized computerized database system designed for hand therapists will soon be available. Regardless of the system, practical issues about who, when, and how the measures will be administered must be resolved—when several people work together in the clinic, this needs to be a group process. Some time reviewing research studies to identify different types of instruments is needed. At this point clinicians may benefit from attending workshops about outcome measures. Some time needs to be allocated to finding outcome measures and identifying their correct scoring and standardized administration. It is important to establish a realistic and incremental process for building outcome measure administration into routine practice. Making forms easily accessible and staff responsibilities clear and agreed upon is essential. Frequently, a trial of two different outcome measures can be useful to help therapists evaluate which works better for their practice. Once familiar with the basics of how to administer outcome scales, therapists should deepen their knowledge about how to interpret scores, use them to set goals, and write more definitive medical records.


Summary

Hand therapists assess their patients to determine how pathology of the upper limb has affected impairment, activity, and participation. They formulate treatment plans to mitigate related problems and assess the treatment’s effectiveness by using standardized outcome evaluations. The foundations of hand therapy rest on standardized outcome measures used to improve the ability to diagnose impairment, assess change in patient status, predict future outcomes, conduct clinical research, and institute continuous quality improvement.
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LIMITATIONS OF THE GUIDES

SUMMARY







CRITICAL POINTS

▪ The definition of what constitutes impairment is an evolving process, with the most recent attempt (AMA Guides to the Evaluation of Permanent Impairment, 6th edition, 2008) representing a paradigm shift compared with prior attempts.

▪ An impairment evaluation is performed once the patient has reached maximum medical benefit.

▪ Impairment should not be used synonymously with disability.

▪ The impairment rating requires a comprehensive medical evaluation, which includes a history and physical examination using objective measures.

▪ The 6th edition Guides now follow the International Classification of Functioning, Disability and Health (ICF) as developed by the World Health Organization (WHO).

▪ Diagnoses for the upper extremity are now defined in three major categories: soft tissue, muscle–tendon, and ligament–bone–joint. There are now five defined impairment classes, ranging from class 0 (no objective findings and thus no impairment), to class 4 (“very severe” problem with an upper extremity impairment range from 50%–100%).

▪ The 6th edition does account for inconsistencies during the physical examination, and using the Diagnosis-Based Impairment rating technique, less weight is given to the physical examination and functional status in the setting of significant inconsistencies.




Extent of the Problem

In the United States, disorders of the upper extremities are widespread and cause associated disability and considerable economic consequences.1 Injuries and arthritic conditions are the most common disorders of the upper extremity, and musculoskeletal problems involving the upper and lower extremity and the spine are the most common cause of work-related disability.2 As documented by Kelsey and colleagues,3 approximately 18 million acute upper extremity injuries occur per year, and at any given time, approximately 31 million people have arthritis, many with upper extremity involvement. Twenty-four million visits are made to physicians’ offices each year for upper extremity problems, at a cost of almost $19 billion in 1995. In 2004 the sum of the direct expenditures in health care costs for bone and joint health and the indirect expenditures in lost wages has been estimated to be $849 billion dollars, or 7.7% of the national gross domestic product. In a survey from the National Center for Health Statistics published in 2005, it was reported that chronic joint pain (defined as joint pain lasting longer than 3 months) was reported by 58.9 million adults aged 18 or older (26.4 of 100). These statistics illustrate the current significance of these problems.

Currently, musculoskeletal disorders and diseases are the leading cause of disability in the United States and result in the greatest number of total lost work days in the United States relative to other major medical conditions. For more information, the reader is directed to Jacobs and coworkers’ informative text, The Burden of Musculoskeletal Diseases in the United States.4 This text is an update of two prior works entitled Musculoskeletal Conditions in the United States published in 1992 and 1999 by the American Academy of Orthopedic Surgeons and is a joint project of the AAOS, American Academy of Physical Medicine and Rehabilitation, American College of Rheumatology, American Society for Bone and Mineral Research, Arthritis Foundation, National University of Health Sciences, Orthopedic Research Society, Scoliosis Research Society, and the United States Bone and Joint Decade. This text is available free of charge online at <www.boneandjointburden.org/>.


History of Impairment Evaluation

The need for impairment and disability evaluation became apparent with the development of entitlement programs and workers’ compensation awards (private or public programs for the disabled).5 Evidence indicates that some of these systems existed in ancient times, and in the Middle Ages, merchant and craft guilds organized to protect their members.5,6

Many guidelines developed in Europe in the 19th century7 showed great variability in assigning value to the same impairment because of a lack of established standards. Rating was a conglomerate of many factors, and the physician was in a weak position to defend his opinion because of a lack of definitive criteria. In 1927, Kessler7 proposed that medical decisions be based on measurable factors. McBride8,9 then developed a complex system of medical measurements in disability evaluation. The first rating system for the American orthopedic surgeon, authored by McBride,9 was published in 1936 and focused on workers’ compensation laws. It was an attempt to standardize ratings on a more scientific basis. Unfortunately, problems remained because of the degree of subjectivity involved. Slocum and Pratt10 offered a schedule based on function, which when reviewed today appears rudimentary. In response to the problem of impairment evaluation, the American Medical Association (AMA) appointed a Committee on Medical Rating of Physical Impairment in September of 1956 that was authorized to establish guidelines for a rating system. Kessler and McBride served as consultants on this committee. The first of these Guides was published as a special edition of the Journal of the American Medical Association on February 15, 1958;11 its three sections covered the upper and lower extremities and the back. The upper extremity section, “a unit of the whole man” was divided into four categories: hand, wrist, elbow, and shoulder. The hand was further subdivided into the five digits and the digits into their respective joints.11 Impairments were then rated based on loss of motion or ankylosis at the joints or secondary to amputation of a part as assigned by the committee and given on a provided chart. A functional value was derived for the deficit and then applied from the digit to the hand and the hand to the upper extremity and from there onto the whole person.

An attempt to give guidelines for standardization of evaluations done by the orthopedic surgeons also was developed and published in 1962 by the AAOS Committee on Disability Evaluation chaired by McBride.12 This 30-page pamphlet was intended to standardize orthopedic evaluations. Despite the use of the term disability in the committee’s name, this paper makes it clear that a disability rating is an administrative and not a medical responsibility. This effort was soon superseded by the AMA Guides.

In 1970, Kessler7 pushed for more objectively obtained measurements. In his volume, published in 1970, he also stressed loss of function over anatomic loss. He refers to the fact that there were varying opinions on the AMA Committee to which he and Dr. McBride consulted.

Subsequent to the first attempt in 1958, the AMA Committee’s scope was broadened, and from 1958 to 1970 it published 13 separate “Guides to the Evaluation of Permanent Impairment” in the Journal of the American Medical Association. A second edition of these guides was published as separate chapters in a single volume in 1971 entitled “Guides to the Evaluation of Permanent Impairment.” These AMA Guides, now in a 6th edition (2008, with updates), are an “attempt to estimate the severity of human impairments based on accepted medical standards.”11 The concept here is that a loss of function could be translated to a percentage loss of the whole person. Although the Guides are needed, the complexity of issues in impairment evaluation makes them imperfect.13 This is recognized by most experts, including the framers, who are cautious in their choice of language, stating, “this is an attempt to standardize these evaluation proceedings.”11 Frequent updates in response to inconsistencies will gradually further improve their utility. The section of the Guides devoted to the upper extremity was updated and developed by Alfred Swanson and coworkers,14,15 and we are indebted for their work in this difficult area.16 They also have provided the section on impairment evaluation in prior editions of this text. This chapter does not attempt to serve as a substitute for the AMA Guides, but rather as a help to the reader in the application of the Guides, pointing out the pitfalls and adding some opinions on their use.


The Impairment Evaluation

When is an impairment evaluation indicated? Impairment evaluation is not undertaken early, but rather is done after the patient’s condition has stabilized for some time and thus has reached what is known as maximum medical improvement. Impairment, to be evaluated, must be permanent; that is, the patient’s condition should be stabilized and unlikely to change either with time or further treatment.17,18 When performing a rating examination, the rating physician should understand the use of the terms impairment and disability.


Impairment Versus Disability

Impairment is a deviation from normal in a body part and its functioning. It marks the degree to which an individual’s capacity to carry out daily activities has been diminished. Impairment can be determined and thus is a medical decision made with the use of the Guides after a thorough review of the medical history and a medical examination conducted in combination with appropriate laboratory tests and diagnostic procedures. Physical impairment involves an anatomic or physiologic loss that interferes with the subject’s ability to perform a certain function. After evaluation an impairment rating can be assigned. This impairment rating can then be used to determine disability, which is a decrease in, or the loss of, an individual’s capacity to meet personal, social, or occupational demands, or activities that the individual cannot accomplish because of the impairment. Many people exhibit an impairment but with adaptation do not have a disability. An example would be an elevator operator or a surgeon19 who loses an index finger; although each has a 20% impairment of the hand, he or she has no disability.

It was originally intended that the medically determined impairment rating would be taken to a legal entity, such as a workers’ compensation board or some other administrative body, that would then award the disability rating, but today it appears that these organizations more frequently rely on examining physicians to make the disability determination. This is in spite of the Guides telling us that impairment percentages derived according to Guides criteria should not be used to make direct estimates of disabilities. These impairment examinations are most often performed by physicians who specialize in occupational medicine or disability rating and specialists who, in some states, take a course and are then certified to perform such evaluations. Again, an impaired person is not necessarily disabled, and all impairments do not result in the same degree of disability in all cases. The impairment rating is a medical determination and directly related to the medical status of the individual, whereas disability can be determined only within the context of the personal, social, or occupational demands that the individual is unable to meet as a result of the impairment.5 Ideally, impairment evaluation should provide only one element of the disability rating.


The Medical Evaluation

The medical evaluation is based on the clinical findings from a physical examination after a detailed history has been obtained. The examiner must recognize that the patient is heavily invested in the result of the examination, which consequently is often adversarial in nature. Despite this, the examiner should always present a neutral demeanor. The complaints and findings should be reasonably relatable to the nature of the injury or condition. The examiner should be cognizant of the difficulties inherent in this evaluation and search for objective findings that will correlate with the subjective symptoms. Psychological overlay, symptom magnification, and possible malingering should be noted and attention called to them in the final report with terms that point out such inconsistencies. These issues should not be confronted at the time of the examination, with the examiner maintaining an impartial attitude. On subjective testing, the experienced and sophisticated patient can present findings that may invalidate the meaning of a particular test.


Medical History

The examination should be preceded by a review of the available records, which the examiner should insist be made available. A detailed history of the present illness is then taken along with the current complaints and the examinee’s reported functional difficulties. In trauma, it is useful to understand the details of the initial injury. This information may help the examiner judge whether the incident is likely to have led to the current complaints. The history of treatment is developed along with the patient’s perceived response to that treatment.

The patient’s health history may be significant because certain medical conditions predispose to or explain certain conditions or symptoms. Prior trauma should be elucidated along with its possible relation to present symptoms. Knowledge of current medications and treatment bring out any concurrent problems. The use of inappropriate medications should be known. For example, the use of narcotics to treat a less than major problem greatly influences that patient’s response and reporting of pain symptoms. In our experience, many of these patients who are on inappropriate narcotics for long periods would ideally benefit from withdrawal of their medication as part of their treatment and before their evaluation. A patient’s social history may indicate a healthy or unhealthy lifestyle and reveal issues that may be adding undue stress to his or her life. A work history often reveals much about the patient. A job that requires heavy manual effort may explain symptoms. Other jobs, in which the worker perceives mental stress, can explain symptoms, the origin of which is otherwise obscure. Diffuse, poorly localized symptoms, vague chronic pain, intolerance of treatment, worsening with every treatment modality, excessive drug use, and poor compliance in treatment should all be noted.


Physical Examination

The physical examination should include the usual elements of a complete physical. Required instruments include a goniometer, a tape measure, and devices that allow measurement of sensation, including Semmes–Weinstein monofilaments and two-point discrimination. It is also helpful to have on hand a Jamar dynamometer and a pinch gauge. A current copy of the Guides is necessary to complete the report generated by the evaluation procedures, and software, in the form of a Guides impairment calculator, is available for purchase from the AMA. We have found this software useful; it can definitely aid in the calculation process.

The appearance of the upper extremity is noted, including obvious deformities, amputations, scars, masses, atrophy of muscles or finger pulps, trophic changes, skin discoloration, or sweat pattern abnormalities. The extremity, especially the hand, is palpated to determine temperature and sweat pattern. Range of motion (ROM) is measured at all joints in the involved area. Limb circumference is measured at specified locations above and below the elbow and compared with measurements of the contralateral limb. A sensory evaluation is carried out using monofilaments and a device that measures static two-point discrimination. All data are recorded on the multitude of forms and outlines available for this purpose. Appropriate imaging studies and neurodiagnostic testing should be reviewed. All of this is collated in a comprehensive report.

It is good discipline to conclude the physical examination with a usable diagnosis that is consistent with the current ICD-9 code. This diagnosis should be responsive to the findings and considered very carefully because it can, to a great degree, become a label that, if inaccurate, is difficult to eradicate. At times a clear-cut diagnosis cannot be made. The use of the nonjudgmental diagnostic code 729.5 for “pain—upper extremity” is an excellent tool when the diagnosis is not confirmable. It is useful for a patient without recognizable objective justification for his or her pain and is superior to assigning arbitrary terms such as “fibromyalgia syndrome, cumulative trauma disorder, or chronic pain syndrome.”20,21 Much confusion is created when patients, reporting wrist pain, are labeled as having “tendonitis” or “tenosynovitis” when, in fact, these easily confirmable inflammatory conditions are not truly present.22 The use of the 729.5 code then serves to point out the lack of an objective or rational explanation for the symptoms and avoids a confirmatory label that confuses the issues. In such cases, the examiner should give the reasons for the offered opinion in the discussion section of the report. After the examination, the history and measurements and the subsequent diagnosis are then used with the Guides to estimate the impairment, which should be backed by the rationale that went into the rating assignment.


Using the Guides for Evaluation of Upper Extremity Impairment23


Chapters 1 and 2 of the Guides deal with general information, definitions, and how to apply the information derived through the Guides. The upper extremity is covered in the section on the musculoskeletal system, Chapter 15. Substantial changes have been made between the 5th and 6th editions, and it is highly recommended that the reader review all three chapters prior to performing an impairment rating evaluation that will be based on this newest edition to the Guides. The Guides now follow the ICF as developed by the World Health Organization (WHO).24 The ICF framework is intended for describing as well as measuring health and disability both at the level of the individual and for population levels. Its three components include alteration in body function and body structure, activity limitation, and participation restrictions. The changes made in the 6th edition represent an ongoing evolution and introduces a paradigm shift to the assessment of impairment. Essentially, the Guides have become more diagnosis and functionally based and stress conceptual and methodologic congruity within and between organ system ratings. The reader is strongly encouraged to study the 6th edition, including the introductory chapters as well as the chapter on the upper extremities. A brief overview of the changes follows, but these changes are difficult to fully grasp without a careful study of the new Guides, including the provided examples found in Chapter 15.

Diagnoses for the upper extremity are now defined in three major categories; soft tissue, muscle–tendon, and ligament–bone–joint, and there are now five defined impairment classes, ranging from class 0 (no objective findings and thus no impairment), to class 4 (very severe problem with an upper extremity impairment range from 50%–100%) (Table 17-1). Most impairment values for the upper limb are now calculated using the diagnosis-based impairment (DBI) method. The impairment class is determined by the diagnosis once maximum medical improvement has been reached. The class can be modified based on non-key factors, such as functional history, physical findings, and clinical studies. Regional grids are now utilized once the diagnosis has been established, which allow the appropriate impairment rating to be determined for any allowable diagnosis, impairment class, and grade. To evaluate functional history, the 6th edition specifies that physicians should include a self-reported orthopedic functional assessment tool as part of the impairment rating examination and recommends the use of the shorter version of the Disabilities of the Arm, Shoulder, and Hand (DASH) Questionnaire, the QuickDASH, for upper limb impairment.25 The DASH Questionnaire was developed through a cooperative effort of the AAOS, ASSH, AAHS, and the Canadian province of Ontario Institute for Work and Health.26

Table 17-1 Definition of Impairment Classes

[image: images]

Reprinted, with permission, from The Guides to the Evaluation of Permanent Impairment, 6th ed. Chicago: American Medical Association, 2008.

Both the DASH and the QuickDASH, which is a subset of DASH questions and which has similar validity, are available at <http://www.dash.iwh.on.ca/outcome_quick.htm>. There is no charge for their use. The result of the QuickDASH should be compared with an activities of daily living questionnaire to evaluate for consistency. Depending on the result, it may or may not be used to modify the default impairment rating. Though it initially seems that the changes are cumbersome, after one reviews the introductory chapters along with the upper extremity chapter, the logic of the changes becomes apparent.

Peripheral nerve impairment is now similarly rated by class based on the nerve involved, along with the level of involvement. Variability within a class depends on the severity of the deficit. Entrapment–compression neuropathy is also rated differently and includes modifiers based on nerve conduction study data, history, physical findings, and functional scale (Table 17-2). Impairment due to amputation has also been modified in the 6th edition, and though largely based on the level of the amputation, the grade can be modified up or down from the default “C” based on other “adjustment factors” (Table 17-3).

Table 17-2 Entrapment–Compression Neuropathy Impairment

[image: images]

NA, not applicable; UE, upper extremity.

Table 17-3 Amputation Impairment

[image: images]

CMC, carpometacarpal; DIP, distal interphalangeal; IP, interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal; UE, upper extremity.

The material in the Guides on the upper extremity is covered as follows:

1. Diagnosis-Based Impairment, 15.2

2. Peripheral Nerve Impairment, 15.4

3. Complex Regional Pain Syndrome Impairment, 15.5

4. Amputation Impairment, 15.6

5. Range-of-Motion Impairment, 15.7

Although nerve problems and vascular deficits in the upper extremity are covered in Chapter 15, one may need to refer to Chapter 13 on the nervous system and Chapter 4 on the cardiovascular system. Chapter 14, which covers mental and behavioral disorders, and Chapter 3, on pain, also may need to be referenced. When pain is a factor, the percentage of impairment designated in the various sections makes allowance for the pain that may accompany the primary impairing condition.

Each section of the Guides includes a discussion of measurement techniques; tables of relative impairment due to restriction of motion, ankylosis, and amputations; and methods for combining and relating various impairments.11


Limitations of the Guides

In this section, we discuss the relevant sections of the Guides and offer our advice and comments on the strengths and weaknesses of each. There are, however, some obvious overall limitations that should be noted first. These include the following:

1. Age-related changes are difficult to separate from those related to an injury, but an attempt should be made to do so.

2. Some measurements lack reliability and validity.

3. Many of the clinical tests are subjective.

4. Psychosocial factors can greatly affect the patient’s presentation. Psychogenic overlay, symptom magnification, and malingering may make it difficult to obtain an accurate estimate of impairment.

5. It is not possible to rate pain in a meaningful manner, especially with conditions such as complex regional pain syndrome, arthritis, wrist conditions, and incomplete nerve recovery, which may be unresolved.

These limitations are not the fault of the Guides, but they may never be totally resolvable. This was recognized by Swanson and colleagues,15 who clearly warned us that there would be patients whose “complaints are not justified by objective findings or whose responses to testing are not felt to be justified by the diagnosis or the nature of the condition or whose response to testing varies widely from time to time.” They went on to say that such patients should put the examiner on guard.

Unfortunately, many of the standardized and provocative tests done on a physical examination are by their nature subjective, that is, under the control of the patient. This includes such time-honored tests as Tinel’s sign or Phalen’s test for carpal tunnel syndrome. This applies particularly for most of the clinical tests for patients who present with upper extremity pain often attributed to thoracic outlet syndrome or brachial plexopathy. Many patients have had multiple examinations and become sophisticated enough to learn to supply the expected answers. The evaluation in those cases can test the ingenuity of the examiner. The 6th edition does account for inconsistencies during the physical examination, and using the DBI rating technique, less weight is given to the physical examination and functional status in the setting of significant inconsistencies. This is discussed in detail in section 15.3.


Conditions and Commentary Regarding Appropriate Use of Guides in Determining Impairment Rating

The following is a commentary concerning relevant sections of the Guides, including a discussion of strengths and weaknesses.


Amputation

Standard percentage values have been assigned to the various amputation levels in the upper extremity. When these percentages are learned, it is a relatively simple matter to assign impairment to the extremity resulting from amputation. Impairment of the entire upper extremity is equivalent to 60% of the whole person; therefore total amputation, or 100% loss of the limb, is evaluated as a 60% impairment of the whole person. Amputation of the upper extremity from the level of the biceps insertion to the level proximal to the metacarpophalangeal (MCP) joints is equivalent to a 95% loss of the upper extremity or 57% of the whole person (Fig. 17-1). Amputation at the MCP joints is rated as a 90% loss of the upper extremity. In regard to the hand, individual digits have been assigned values in relation to the whole hand: The thumb is evaluated as 40%, index and long fingers 20% each, and ring and little fingers 10% each (Fig. 17-2).


[image: images]

Figure 17-1 Impairment estimates for upper extremity amputation at various levels. (Redrawn from Swanson AB. Evaluation of impairment of function in the hand. Surg Clin North Am. 1964;44:925-940.)
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