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FOREWORD

Over the years many residents have confronted the problem of “what to study for the
Boards.”
This is a serious problem that had a few, generally unsatisfactory, solutions:

1. Attend one of the review courses. Can’t cover everything but makes a 5-day effort.
Costs!!!!

2. Have weekly conferences with senior residents to argue about vague recollections by
former residents of previous Part I of the Boards. Some of the more enterprising pro-
grams usually had files of old exams to generate discussion.

3. Home perusal of the two major PM&R texts and electrodiagnostic medicine. This is a
stupendous (one could say—outrageous) task, hardly possible for a busy fourth year
resident to manage.

4. Review all of the literature. One of our former residents made the mistake of trying to
review the last 10 years of the Archives of PM&R, and the Am | PM&R, Muscle & Nerve.
He obviously believed he had learned everything. He only later discovered this time-
consuming preparation interfered with his performance rating in the residency
program, severely compromised his “moonlighting,” and almost broke up his mar-
riage.

In the old days when we had only one skinny journal, one of my resident colleagues decided
to review three textbooks—neurology, orthopedics, and internal medicine, with pediatrics in
reserve (if time was available). He discovered too late he could not cover the key subjects—
even if he only read the boldface type. (N.B. Textbooks are five years old when published.)

However, this elegant volume will finally fulfill this critical void and will supply rea-
sonable and current PM&R diagnostic and management facts for the prospective Board can-
didate.

It can be studied in a reasonable time without speed reading and it is up-to-date with
valuable and relevant information. With over 500 pages of nuggets, I predict the next Elkins
award winner will have read this study guide.

Thank you, Dr. Sara Cuccurullo!

Ernest W. Johnson, M.D.
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PREFACE

The Physical Medicine and Board Review Book will appeal to medical students, residents, and
practicing physiatrists. The book concentrates on board-related concepts in the field of
Rehabilitation Medicine. Residents will find the book essential in preparing for Part I and
Part II of the Physical Medicine and Rehabilitation Board Certification because it is one of the
only books of its kind with major focus on board-related material giving a synopsis of up-to-
date PM&R orthopedic, neurologic, and general medical information all in one place. Over
500 diagrams simplify material that is board pertinent. In this way, important concepts are
clarified and reinforced through illustration. All of the major texts of this specialty have been
referenced to give the board examinee the most timely and relevant information and recom-
mended reading.

This book is clearly different than most texts. It is written in outline form and is about
one-third the size of most textbooks. The topics are divided into major subspecialty areas and
are authored by physicians with special interests and clinical expertise in the respective sub-
jects. Board pearls are highlighted with an open-book icon in the margins of many of the
paragraphs. These pearls are aimed at stressing the clinical and board-eligible aspects of the
topics. This format was used to assist with last minute preparation for the board examination
and was inspired by the Mayo Clinic Internal Medicine Board Review. The contents are modeled
after the topic selection of the American Academy of Physical Medicine and Rehabilitation
(AAPMR) Self-Directed Medical Knowledge Program [which is used by residents nationwide to
prepare for the Self-Assessment Examination (SAE)]. This was done specifically to help all
residents, Post Graduate Year 2, 3, 4, in yearly preparation and carryover from the SAE
preparation to board exam preparation.

Two key points need to be addressed prior to using this text. This book is not a com-
prehensive textbook of PM&R. All chapters are prepared under the assumption that readers
will have studied at length one or more of the standard textbooks of PM&R before studying
this review.

My hope is that this text is a valuable tool to all physicians preparing for both the
written and oral board exams, and also in managing issues of patient care. Practicing physi-
atrists should also find this book helpful in preparation for the recertifying exam. Because
this is one of the first textbooks designed specifically for PM&R board preparation, the
authors welcome any ideas for improvement from any of the readers. We wish you all the
best in your studies.

Sara Cuccurullo, M.D.

xix






INTRODUCTION:
BOARD CERTIFICATION

The discussion in this chapter is aimed primarily at candidates preparing for the American
Board of Physical Medicine and Rehabilitation (ABPM&R) certifying or recertifying exami-
nations in Physical Medicine and Rehabilitation.

The following information was collected and calculated by the ABPM&R and published
in the Diplomate News July 2003.

In May 2003, the ABPM&R administered the 56th certification examinations to 806 can-
didates. With 266 candidates achieving Board certification, the total number of Diplomates
rose to 7,460. The table and graph below summarize the results for both the written exam
(Part I) and the oral exam (Part II).

PART I PART II

All Candidates

Passed 361 79% 266 76%

Failed 97 21% 82 24%
First Time 366 314

Passed 328 89.6% 245 78%

Failed 38 10.4% 69 22%
Repeat 92 34

Passed 33 36% 21 62%

Failed 59 64% 13 38%

As the data in the table suggest, the pass rate for first-time candidates on both exams con-
tinues to be high, with pass rates of 89.6% and 78% for Part I and Part II respectively.

In 1998, the Board began analyzing results based on the content areas in the examina-
tion outline for Part I. The Part I exam outline consists of two independent dimensions or
content domains, and all test questions are classified into each of these domains. The major
content domains appear below.

I. Type of Problem/Organ System

. Neurologic Disorders
Musculoskeletal Medicine
Amputation

Cardiovascular and Other Systems
Rehabilitation Problems and Outcomes
Basic Sciences

II. Focus of Question/Patient Management
Patient Evaluation and Diagnosis
Electrodiagnosis

Patient Management

Rehabilitation Technology

Applied Sciences

Mg NwE R

mONS

xx1
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All Part 1 candidates received performance feedback in the form of scaled scores for each of
these content domains. To allow performance in one section to be compared to performance
in other sections, the section scores were scaled to fall between 1 and 10. A score of 1 would
indicate that a candidate performed no better than chance, while a score of 10 indicates that
a candidate answered all questions correctly in that section.

According to psychometric data available to the Board following each examination, it
is apparent that this year, as in previous years, the sections are not equally difficult for the
group as a whole. Candidates in 2003 performed better in the Musculoskeletal Medicine
section, while lower scores were recorded in Amputation and Rehabilitation Technology.

THE PURPOSE OF CERTIFICATION

The intent of the certification process as defined by Member Boards of the ABMS (American
Board of Medical Specialties) is to provide assurance to the public that a certified medical
specialist has successfully completed an accredited residency training program and an eval-
uation, including an examination process, designed to assess the knowledge, experience and
skills requisite to the provision of high quality patient care in that specialty. Diplomates of
the ABPM&R possess particular qualifications in this specialty.

THE EXAMINATION

As part of the requirements for certification by the ABPMR, candidates must demonstrate
satisfactory performance in an examination conducted by the Board covering the field of
PM&R. The examination for certification is given in two parts, computer based (Part I) and
oral (Part II).

EXAMINATION ADMISSIBILITY REQUIREMENTS
Part |

Part I of the ABPMR’s certification examination is administered as computer-based testing
(CBT). To be admissible to Part I of the Board certification examination, candidates are
required to complete at least 48 months of ACGME-accredited postgraduate residency
training, of which at least 36 months should be spent in supervised education and clinical
practice in an ACGME-accredited PM&R residency training program.

Part Il

Part II of the ABPMR'’s certification examination is administered as an oral examination. At
least one full-time or equivalent year of PM&R clinical practice, PM&R-related clinical fel-
lowship, or a combination of these activities is required after satisfactory completion of an
accredited PM&R residency training program.

The clinical practice must provide evidence of acceptable professional, ethical, and
humanistic conduct attested to by two Board-certified physiatrists in the candidate’s local or
regional area. In rare instances in which a physiatrist is not geographically available, two
licensed physicians in the area may support the candidate’s application for Part II.

Additional information about the certification and re-certification examinations are
provided in several brochures published by the ABPMR. The brochures are titled Preparing
for the Computer-Based ABPMR Examination, Computer-Based Testing Fact Sheet, and Preparing
for the ABPMR Oral Examination. These brochures can be obtained from the Board office.

Part | Examination

The Board made the decision to implement computerized testing for the Part I certification
exam because they felt it offered many advantages to examinees. These include access and
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conveniences, enhanced security, and cutting-edge technology (e.g., graphics, simulation).
Computer-based testing (CBT) is the administering of an exam using an electronic multiple-
choice question format.

The ABPMR transitioned from paper-and-pencil exams to CBTs with the May 2002 cer-
tification exam. The Part I exam is administered on an electronic testing system that elimi-
nates the use of paper and pencil exam booklets and answer sheets. Candidates use a
keyboard or mouse to select answers to exam questions presented on the computer screen.
The computer stores responses and automatically time the exam. The time remaining and the
number of the question currently being answered are visible on the computer screen
throughout the exam. Answers can be changed, skipped, and marked for review. Computer
based testing provides simple, easy-to-follow instructions via a tutorial to complete the
exam. The ABPMR uses a simple, proven computer interface that will require only routine
mouse or cursor movements, and the use of the mouse or enter-key on the keyboard to record
the option chosen to answer the question. Examinees have the option of using a brief tutorial
on the computer prior to beginning the actual exam. Time spent with the tutorial does not
reduce your testing time, so they recommend that examinees take advantage of it. The tuto-
rial is available at the beginning of each section of the exam. It includes detailed instructions
on taking the computerized exam and provides an opportunity to respond to practice ques-
tions. You also become familiar with placement of information on the computer screen.

The ABPMR'’s computer-based exam is offered at over three hundred and fifty (350)
technology centers located in most of the major cities throughout the United States and
Canada through an arrangement with Prometric. Candidates should call to schedule their
exam as soon as possible after they receive their admissibility letter from the Board.
Candidates who wait too long to call may not be able to test at the location they prefer.
Candidates will be able to indicate preference for sites. However, in some regions due to large
numbers of candidates, it will be first-come, first-served based on site capacity and numbers
of sites in the area. Once you have received admissibility and authorization from the ABPMR,
you may arrange for a test site location by calling Prometric Candidate Services Call Center.
Contact information will be provided by the ABPMR. Prometric Technology Centers typi-
cally consist of a waiting area, check-in area, and testing room with six to fifteen individual
computer testing stations. One or more Prometric staff members will be on hand to check-in
candidates and supervise the testing session. Prometric monitors exam sessions by several
wall-mounted video cameras, as is noted by signage in each center.

The exam is administered on one day annually at selected Prometric Technology Center
sites throughout the United States and Canada. The exam is a 400-item test that is divided
into a morning section consisting of 200 questions and an afternoon section composed of the
remaining 200 questions. The question format is the same as it has been on the pencil-paper
exam. There are four options for each question with one best answer. Examinees are allowed
eight hours to take the full exam. Each section of the exam (morning, afternoon) is allotted
four hours for completion.

Exam content outline remains the same as previous ABPMR certifying exams. The
questions used for the computerized exam are selected from the same item pool as the paper
and pencil exams. The ABPMR introduces several hundred new items to the pool every year.
This continues with computer-based testing. The software allows examinees to skip and/or
mark items for later review within each four-hour section. Once a section is completed,
however, the examinee is not able to go back and review or change answers.

Each test center is staffed with Prometric personnel to assist examinees in the event of
a computer malfunction. If the problem is not resolved in a reasonable time-frame, examinees
will be notified of how to proceed. If you require wheelchair seating, it is crucial that you
indicate your needs during the application process, as such accommodations are limited at
the various sites. The Board will make reasonable accommodations for candidates with dis-
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abilities, provided appropriate medical documentation is submitted with the request for
special testing accommodations. Contact the ABPMR for a copy of the Request for Special
Examination Accommodations form. The form must be returned to the Board office by January 1
of the exam year.

Exam results and score reports are mailed to examinees from the Board office within six
weeks after the testing day. No results are given via telephone, fax, or e-mail. Prometric is not
able to provide exam results. Although the exam only requires eight hours to administer, there
is significant post-exam activity done by the ABPMR. Only after this statistical analysis is care-
fully completed can the results be reported to the examinees. The examinee score report
includes the examinee’s scaled score and the scaled score required to pass the exam. In addi-
tion, scaled sub-scores for the specific content areas (based on the exam outline) are reported.

The ABPMR has prepared a document that describes the computer testing process. The
brochure, titled Preparing for the ABPMR’s Computer-Based Certification Exam, will be mailed
with your admissibility information. Candidates should arrive at the testing center thirty
minutes before the beginning of the scheduled exam session. Candidates who arrive more
than fifteen minutes late for either section of the exam will forfeit their reservations and will
be excluded from taking the exam. The following items will be required at the test center
when reporting to the exam:

e Two forms of government-issued identification, one that includes your photo and signa-
ture, and the other that bears your signature.
® The admissibility letter from the Board office.

To ensure that all candidates are tested under equally favorable conditions, the following
regulations and procedures are observed at each test center:

e Candidates are not permitted to take personal belongings into the testing room. Items that
candidates bring to the room must be placed in a small, square locker; you will keep the
locker key for the duration of the exam. Prometric Technology Centers are not responsible
for lost or misplaced items.

e Candidates are not permitted to eat, drink, or smoke during the test.

e Under no circumstances will candidates be permitted to work beyond the time allotted for
the exam. Time limits are generous; candidates should have ample time to answer all ques-
tions and check all work.

e Candidates may not leave the room during an exam without notifying the on-site
manager. Candidates will be required to sign-out when leaving and sign-in upon
returning to the testing room. Candidates who need to leave the exam room for any reason
will not be allowed additional time for the exam.

e Candidates causing any disturbance or engaging in any kind of misconduct—such as
giving or receiving help, using notes, books, or other aids, taking part in an act of imper-
sonation, or removing notes from the testing room—may be summarily dismissed from
the exam.

e No visitors, guests, or children are allowed at the test center.

The test center manager will escort you to your assigned seat and log you on to your com-
puter. At the end of the time allotted for each section of the exam, the screen will indicate that
time has expired and further access will be denied. For candidates who complete either
section of the exam early, clicking the “end” button will close down their access to that
section of the exam. Notify the test center manager if you complete either section of the exam
early. You will sign out upon leaving the facility.

The ABPMR web site will be updated periodically. Each issue of the Diplomate News also
includes reports from the Electronic Exam Committee, and other news.
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CONTENT OF THE EXAMINATION

The examination questions are designed to test the candidate’s knowledge of basic sciences

and clinical management as related to PM&R and will be in the form of objective testing.

PART | (COMPUTER-BASED) EXAMINATION OUTLINE

Examination Outline for the Written Examination

Class 1: Type of Problem/Organ System

A. Neurologic Disorders
1. Stroke
2. Spinal Cord Injury
3. Traumatic Brain Injury
4. Neuropathies
a. Mononeuropathies
b. Polyneuropathies
c. Carpal Tunnel Syndrome
d. Other Entrapment Neuropathies
5. Other Neurologic Disorders
a. Multiple Sclerosis
b. Motor Neuron Disease
c. Poliomyelitis
d. Guillain-Barré Syndrome
e. Cerebral Palsy
f. Spina Bifida
g. Duchenne Muscular Dystrophy
h. Myotonic Muscular Dystrophy
i. Inflammatory Myopathies
j- Other Myopathies
k. Thoracic Outlet Syndrome
1. Plexopathy
m. Radiculopathy
n. Parkinson’s Disease
0. Other Neuromuscular Disorders
B. Musculoskeletal Medicine
1. Arthritis
a. Rheumatoid Arthritis
b. Osteoarthritis
c. Collagen Disease
d. Other Arthritis
2. Soft Tissue & Orthopedic Problems
a. Acute Trauma
b. Chronic Trauma/Overuse

c. Complex Regional Pain Syndrome

Type 1 (Reflex Sympathetic
Dystrophy)

d. Fibrositis/Myofascial Pain/Soreness

e. Burns

f. Fractures

g. Osteoporosis

h. Back and Spine Disorders

i. Strain/Sprains

j- Tendonitis/Bursitis

k. Orthopedic/Rheumatology
1. Heterotopic Ossification
m. Other Soft Tissue Disease

C. Amputation

1. Upper Extremity
2. Lower Extremity

D. Cardiovascular & Other Systems

1. Cardiovascular
a. Ischemic Heart Disease
b. Other Heart Disease
c. Peripheral Artery Disease
d. Venous Disease
e. Vascular Disorders
f. Lymphedema
g. Hypertension
h. Other Cardiovascular
2. Pulmonary Disease
a. Asthma
b. COPD
c. Pneumonia
d.Impaired Ventilation
e. Other Pulmonary Problems
3. GU/GI Disorders
a. Neurogenic Bladder
b. Renal Impairment/Failure
c. Neurogenic Bowel
d.Sexuality and Reproductive Issues
e. Other GU/GI Disorders
4. Cancer
5. Infectious Disease

E. Rehabilitation Problems & Outcomes

1. Physical Complications
a. Spasticity
b. Contracture
c. Hydrocephalus
d.Seizures
e. Pressure Ulcer
f. Posture/Balance Disorders
g. Abnormal Gait
h. Dysphagia/Aspiration
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i. Bed Rest/Deconditioning
j. Paralysis/Weakness
k. Heterotopic Ossification
1. Other Physical Complications
2. Cognitive/Sensory Dysfunction
a. Speech and Language Disorders
b. Hearing Impairment
c. Visual Dysfunction
d. Cognitive Disorders
e. Sleep Disorders

f. Other Cognitive/Sensory
Dysfunctions
3. Psychiatric/Psychological Problems
a. Depression
b. Substance Abuse
c. Dementia/Pseudodementia
d. Vegetative State
e. Other Psychiatric Problems
4. Pain

F. Basic Sciences

Class 2: Focus of Question/Patient Management

A. Patient Evaluation & Diagnosis
1. Physical Exam, Signs & Symptoms
2. Diagnosis & Etiology
3. Diagnostic Procedures

a. Cardiopulmonary Assess/Stress Test

b. Gait Analysis
c¢. Urodynamics
d.Lab Studies
e. Synovial Fluid Analysis
f. Medical Imaging
g. Neuropsychological Evaluations
h. Other Diagnostic Procedures
4. Functional Evaluation
5. Prognosis
B. Electrodiagnosis
. General Electrodiagnosis
. Instrumentation
. Nerve Conduction
. Electromyography
. Somatosensory Evoked Potential
. Neuromuscular Transmission
. H Reflex/F Wave
. Special Studies
C. Patient Management

R NIONUI b WD -

1. Clinical Decision-Making (incl. Ethics)

2. Physical Agents
a. Heat/Cryotherapy
b. Hydrotherapy
c. Electrostimulation
d. Ultrasound
e. Biofeedback

3. Therapeutic Exercise and Manipulation

a. Motor Control
b. Mobility and Range of Motion
c. Strength and Endurance
d.Manipulation and Massage
e. Traction/Immobilization

4. Pharmacologic Interventions
a. Analgesics

b. Antiseizure and Antispasmodics
c. Antibiotics
d.Psychopharmacologies
e. Anti-Inflammatory
f. Other medications
5. Procedural/Interventional
a. Nerve Blocks
b. Anesthetic Injections
c. Surgery
d. Other Procedural/Interventional
6. Behavioral/Psychological Modalities
a. Relaxation Therapy
b. Behavior Modification
c. Psychotherapy/Counseling
d. Education

D. Rehabilitation Technology

1. Prosthetics

2. Orthotics

3. Other Rehabilitation Technology
a. Shoes
b. Functional Electrical Stimulation
c. Transcutaneous Electrical Nerve

Stimulation

d. Augmentation Communication
e. Ventilation
f. Wheelchair/Seating
g. Other Devices

E. Applied Sciences

1. Anatomy
a. Central Nervous System
b. Peripheral Nerves
c. Head /Neck
d.Shoulder
e. Arm
f. Wrist
g.Hand
h. Hip
i. Knee
j. Leg
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k. Ankle f. Gastrointestinal
1. Foot g. Skin and Connective Tissue
m. Muscle h. Bone and Joints
n. Bone i. Autonomic Nervous System
0. Back/Spine: General j- Endocrine
p- Spine: Cervical 3. Pathology/Pathophysiology
g. Spine: Thoracic 4. Kinesiology/Biomechanics
r. Spine: Lumbosacral 5. Histology
s. Other Anatomy 6. Epidemiology /Risk Factors
2. Physiology 7. Nutrition
a. Neurophysiology 8. Biochemistry
b. Neuromuscular 9. Pharmacology
c. Cardiovascular 10. Research and Statistics
d. Pulmonary 11. Growth and Development
e. Genitourinary 12. Other Basic Science (e.g., Physics)

QUESTION FORMAT

The 1998 ABPMR Booklet gave an idea of how the exam looks. These items are not from pre-
vious ABPM&R exams, nor will they appear on future tests. They are given by ABPM&R as a
sample for your use. All items are of the “best single choice answer multiple choice” type.

1

. Post-acute recovery and community reintegration of the traumatically brain-injured

patient are most often hampered by
A.Language impairment

B. Memory impairment

C.Physical impairment

D.Financial disincentives

E. Personality and behavioral impairment

. Which best describes a feature of short-wave diathermy?

A.lt is used to heat the hip joint

B. It produces both direct and reflex blood flow increase

C.It is used around the thigh to improve circulation in an ischemic limb

D.The dose is regulated by measuring the flow of the high-frequency current through the
patient

E. Commercially available machines operate at a frequency of 950 MHz

. The single most reliable clinical sign for the detection of inflammatory arthritis is

A.Local tenderness

B. Painful, limited range of motion
C.Synovial swelling

D.Joint effusion

E. Skin color change

. Which condition is most likely a contraindication for intra-articular corticosteroid injection

therapy?

A.Crystal-induced synovitis
B. Diabetes mellitus

C. Peptic ulcer
D.Bacteremia

E. Osteoarthritis

Answers for the above examples are as follows; 1. E, 2. B, 3. C, 4. D. Attempts have been made
to avoid ambiguity and typographical or spelling errors, but occasionally they occur. They
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are not intended to “trip you up” or confuse you. Further details regarding the examination,
training requirements, eligibility requirements and other related information can be obtained
from the ABPM&R.

PREPARATION FOR THE TEST

Training during medical school forms the foundation on which advanced clinical knowledge
is accumulated during residency training. However, the serious preparation for the exami-
nation actually starts at the beginning of the residency training in PM&R. Most candidates
will require a minimum of 6-8 months of intense preparation for the examination. Cramming
just before the examination is counterproductive. Some of the methods for preparation for
the Board examination are described below. Additionally, each candidate may develop his or
her own system.

It is essential that each candidate study a standard textbook of PM&R from beginning
to end. Any of the standard textbooks of PM&R should provide a good basic knowledge base
in all areas of PM&R. Ideally, the candidate should read one good textbook and not jump
from one to another, except for reading certain chapters that are outstanding in a particular
textbook. This book and similar board review syllabi are excellent tools for brushing up on
important Board-relevant information several weeks to months before the examination.
They, however, cannot take the place of comprehensive textbooks of PM&R. This book is
designed as a study guide rather than a comprehensive textbook of PM&R. Therefore, it
should not be used as the sole source of medical information for the examination.

HELPFUL RESOURCES

Use past Self-Assessment Examinations-for Residents (SAE-R). These are extremely valuable
for obtaining practice in answering multiple choice questions. These annual exam questions
are available in print-format from the Academy of Physical Medicine and Rehabilitation.
These questions are not used on the Board exams, but serve as a means to assess your knowl-
edge on a range of PM&R topics. For a nominal fee, the AAPM&R will send requestors an
exam booklet with answers and references for one exam.

Formation of study groups, three to five candidates per group, permits study of different
textbooks and review articles in journals. It is important that the group meet regularly and
that each candidate be assigned reading materials. Selected review papers and state-of-the-art
articles on common and important topics in PM&R should be included in the study materials.
Indiscriminate reading of articles from many journals should be avoided. In any case, most
candidates who begin preparation 6 to 8 months before the examination will not find time for
extensive study of journal materials. Notes and other materials the candidates have gathered
during their residency training are also good sources of information. These clinical “pearls”
gathered from mentors will be of help in remembering certain important points.

Certain diseases, many peculiar and uncommon, are eminently “Board-eligible,”
meaning that they may appear in the Board examinations more frequently than in clinical
practice. Most of these are covered in this book. Several formulas and points should be mem-
orized (such as Target Heart Rate). Most significantly, the clinical training obtained and the
regular study habits formed during residency training are the most important aspects of
preparation for the examination. Review courses are also available if desired.

DAY OF THE EXAMINATION

Adequate time is allowed to read and answer all the questions; therefore, there is no need to
rush or become anxious. You should watch the time to ensure that you are at least halfway
through the examination when half of the time has elapsed. Start by answering the first ques-
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tion and continue sequentially (do not skip too many). Do not be alarmed by lengthy ques-
tions; look for the question’s salient points. When faced with a confusing question, do not
become distracted by that question. Mark it so you can find it later, then go to the next ques-
tion and come back to the unanswered ones at the end. Extremely lengthy stem statements
or case presentations are apparently intended to test the candidate’s ability to separate the
essential from the unnecessary or unimportant information.

Some candidates may fail the examination despite the possession of an immense
amount of knowledge and the clinical competence necessary to pass the examination. Their
failure to pass the examination may be caused by the lack of ability to understand or inter-
pret the questions properly. The ability to understand the nuances of the question format is
sometimes referred to as “boardsmanship.” Intelligent interpretation of the questions is
very important for candidates who are not well versed in the format of multiple-choice
questions. It is very important to read the final sentence (that appears just before the mul-
tiple answers) several times to understand how an answer should be selected. For example,
the question may ask you to select the correct or incorrect answer. Nevertheless, it is advis-
able to recheck the question format before selecting the correct answer. It is important to
read each answer option thoroughly through to the end. Occasionally a response may be
only partially correct. Watch for qualifiers such as “next,” “immediately,” or “initially.”
Another hint for selecting the correct answer is to avoid answers that contain absolute or
very restrictive words such as “always,” “never,” or “must.” Another means to ensure that
you know the correct answer is to cover the answers before tackling the question; read each
question and then try to think of the answer before looking at the list of potential answers.
Assume you have been given all the necessary information to answer the question. If the
answer you had formulated is not among the list of answers provided, you may have inter-
preted the question incorrectly. When a patient’s case is presented, write down the diagnosis
before looking at the list of answers. It will be reassuring to realize (particularly if your diag-
nosis is supported by the answers) that you are on the “right track.” If you do not know the
answer to the question, very often you are able to rule out one or several answer options and
improve your odds at guessing.

Candidates are well advised to use the basic fund of knowledge accumulated from clin-
ical experience and reading to solve the questions. Approaching the questions as “real-life”
encounters with patients is far better than trying to second-guess the examiners or trying to
analyze whether the question is tricky. There is no reason for the ABPM&R to trick the can-
didates into choosing the wrong answers.

It is better not to discuss the questions or answers (after the examination) with other
candidates. Such discussions usually cause more consternation, although some candidates
may derive a false sense of having performed well in the examination. In any case the can-
didates are bound by their oath to the ABPM&R not to discuss or disseminate the questions.

PART Il EXAMINATION

The Directors of the Board give the oral examinations, with the assistance of selected guest
examiners. Three examiners examine the candidate, each examiner conducting a 40-minute
segment of the total 120-minute examination. Two 5-minute breaks divide the three portions
of the oral examination.

Candidates will be expected to present in a concise, orderly fashion evidence of the pro-
ficiency in the management of various clinical conditions that come within the field of
PM&R. During the oral examination, the examiner will ask questions about diagnostic pro-
cedures, therapeutic procedures, and patient management.

The candidate should be prepared to demonstrate familiarity with the literature of basic
and clinical research, as well as recent significant literature pertinent to PM&R. Conciseness
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and clarity of statements are expected. Evidence of the professional maturity of the candidate
in clinical procedures and factual knowledge will be sought.

In addition to clinical PM&R, the oral portion of the examination may cover certain
aspects of the basic sciences. The basic science components of the examinations may include
anatomy, physics, physiology, pathology, and other fundamental clinical sciences and com-
petencies as listed under Residency Training Requirements.

In the event a candidate taking both Parts I and II examinations in the same year fails
Part I of the examination, results of Part II will not be counted or be recognized in any way.
Both Parts I and II would need to be retaken for certification.

RECERTIFICATION

Please note: This information is taken directly from the ABPM&R Informational Booklet.

The content of the Booklet of Information is subject to change from year to year. For the
most current information, please obtain the Booklet of Information for the present year, or
call the ABPM&R office.

It is the applicant’s responsibility to seek information concerning the current require-
ments of recertification in PM&R. The most current requirements supercede any prior
requirements and are applicable to each candidate for recertification.

Beginning in 1993, the Board issued time-limited certificates that are valid for 10 years.
To maintain certification beyond the 10-year period, Diplomates certified since 1993 must
participate in the recertification program.

The guiding principle of the recertification program of the ABPMR is to foster the con-
tinuing development of excellence in patient care and all aspects of the practice of PM&R by
its Diplomates. Through its recertification program, the ABPMR seeks to encourage, stimu-
late, and support its Diplomates in a program of self-directed, life-long learning through the
pursuit of continuing medical education.

The recertification process permits Diplomates to demonstrate that they continue to
meet the requirements of the ABPMR. Recertification also provides patients and their fami-
lies, funding agencies, and the public in general with assurance of the continuing up-to-date
knowledge of PM&R Diplomates.

To participate in the recertification program, an ABPMR Diplomate must:

e Hold a current, valid, unrestricted license to practice medicine or osteopathy in a United
States licensing jurisdiction or Puerto Rico, or licensure in Canada. Evidence of unre-
stricted licensure in all states where a license is held will be required;

e Pay an annual fee;

® Provide evidence of an average of 50 continuing medical education (CME) credits annu-
ally, for a total of 500 CME hours over the 10-year period (with all such CME credits being
recognized by the AMA or AOA); and

® Successfully complete a written or computer-based examination. Beginning in 2005, this
will be a proctored examination. The recertification exam given in 2005 and beyond will be
computer-based testing administered at selected locations.

Diplomates are automatically enrolled in the recertification program upon issuance of their
time-limited ABPMR certificates. Holders of certificates that are not time-limited may partici-
pate in the program and may request, in writing, to be enrolled.

The recertification examination is an open-book, take-home test consisting of 200 mul-
tiple-choice questions. Diplomates have 10 weeks to complete the examination and return it
to the ABPMR. The examination content is organized into modules. All participants complete
a core module. The participants then select two additional modules from specific subspe-
cialty areas in PM&R. For complete information on the recertification process and the
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requirements, please request a copy of the current Recertification Booklet of Information from
the ABPMR Office. It can also be downloaded from their website at http: //www.abpmr.org.

CONTENT

Examination content is organized into modules. A core module, which must be completed by
all participants, contains 100 question on topics pertinent to the broad practice of PM&R. Two
additional modules, with 50 questions each, will be selected by the participant from four
available content areas: neuro-rehabilitation and related topics, musculoskeletal rehabilita-
tion and related topics, electrodiagnosis and related topics, and general PM&R topics.

Examination Content Number of Questions
PM&R Core Module (mandatory) 100
Modules (select 2) 100

1. Neuro-rehabilitation and Related Topics

2. Musculoskeletal Rehabilitation and Related Topics
3. Electrodiagnosis and Related Topics

4. General PM&R Topics

Total questions on the examination 200

EXAMINATION APPLICATION PROCESS AND FEES

Beginning in June 2000, recertification examination application forms became available to
program participants wishing to take the recertification examination that year. To apply for
the examination, a program participant must complete the form and mail it to the ABPM&R
office with the examination fee.

ADMINISTRATION AND SCORING

Each November applicants are notified of their admissibility status. In early December, eli-
gible participants receive the examination booklet(s), answer sheet(s), and instructions for
completing the examination. Participants are allowed 10 weeks from the date of mailing to
complete the examination. The date by which the completed examination must be returned
to the ABPMR office is printed on the examination booklet(s).

The passing score for each module is determined by the Board. Participants will also
receive statistical information on their performance on each test module.

NOTIFICATION OF RESULTS

Approximately six weeks after the examination is returned to the ABPMR office, participants
will receive their examination score reports and notification of their pass/fail status.

Most Diplomates who participate in the recertification program will likely be suc-
cessful. Those who do not fulfill the basic requirements and/or the CME requirements, or do
not pass the examination, are encouraged to continue to seek recertification. These
Diplomates will need to submit a new examination application and an examination fee each
time they apply to the take the recertification examination. There is no limit to the number of
times Diplomates may take the recertification examination, so long as such individuals con-
tinue to meet the annual program requirements expected of all active participants.

REPORTING CME CREDITS

To maintain their status as active participants in the recertification program, Diplomates
must annually report their progress toward completing the required CME credits. The
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ABPMR requires completion of 500 CME credits over the 10-year recertification program, at
least 300 of which must be recognized by the ACCME or the AOA as Category 1 credits. The
remaining 200 credits may be ACCME or AOA Category 2 credits.

Diplomates enrolled in the recertification program receive a form for reporting CME
credits. The completed form must be returned to the ABPMR office by August 15 of each year.
Typically, the active participant accumulates an average of 50 CME credits each year.
Diplomates may accumulate more credits in some years and fewer in other years, but must
accumulate 500 CME credits before being recertified.

RECERTIFICATION EXAMINATION PRIOR TO CERTIFICATE EXPIRATION

Diplomates may take the recertification examination before their certificate expires, begin-
ning with the seventh year of the 10-year period of the certificate, if they meet these criteria:

* They have been active participants in the recertification program for at least four years
prior to the date they wish to take the examination.

* They have completed an average of 50 CME credits per year during the time they have
participated in the program and there are no outstanding fees to be paid.

® They hold a current, valid, and unrestricted license to practice medicine.

Although a Diplomate may take and pass the examination before his or her certificate
expires, the CME credits and annual fee for each of the remaining years of the 10-year
program are still required. If all requirements have been met, a certificate will be issued in
the same year that the original certificate expires. The new time-limited certificate is in effect
for 10 years from the date the previous certificate expires, not from the date the recertifica-
tion exam is taken.

THE CERTIFICATE

The Board will issue a time-limited certificate to each Diplomate who successfully completes
the recertification process. This certificate will be dated from the year the Diplomate’s orig-
inal certificate was due to expire.

Participants must submit their CME statement and pay the annual fee for the 10th year
of the recertification program before the certificate will be issued.

Participants earn certificates if all requirements of the recertification program are met,
including:

1. All fees paid;

2. Total of 500 CME credits accumulated and reported in the 10-year period prior to
issuing the certificate;

3. Examination passed.

The Board will issue the new certificate after the expiration date on the original certificate.

Further details and current information for the certification and recertification programs
can be obtained by writing to the ABPMR or by visiting their website.

ABPMR

21 Southwest 1** St.

Suite 674

Rochester, MN 55902-3092

Telephone: (507) 282-1776

ABPMR E-mail: office@abpmr.org

ABPMR website: http://www.abpmr.org

Prometric website: www.prometric.com or www.2test.com
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STROKE

Richard Zorowitz, M.D., Edgardo Baerga, M.D., and Sara Cuccurullo, M.D.

INTRODUCTION

DEFINITION OF STROKE

e Sudden focal (sometimes global) neurologic deficit secondary to occlusion or rupture of
blood vessels supplying the brain

e Symptoms > 24 hours = stroke

e Symptoms < 24 hours = transient ischemic attack (TTA)

e Reversible ischemic neurologic deficit (RIND) = (this term is no longer used)

EPIDEMIOLOGY

* Stroke, after heart disease and cancer, is the third leading cause of death in the United States.
e The American Heart Association (AHA) estimates 600,000 strokes annually; 500,000 new
cases, and 100,000 recurrent cases. (2000 AHA Heart and Stroke Statistical Update)
e Nearly four million stroke survivors in the United States
® 46% decline in cerebral infarcts and hemorrhages from 1950-1954 period to 1975-1979
period (Broderick, 1993)
— Decline attributed to better management of blood pressure (BP), heart disease, decrease
in cigarette smoking, etc.
e Incidence increases 17% from 1975-1979 period to 1980-1984 period (attributed to
increased use of CT scan)
e There has been no change in the incidence of aneurysmal rupture
e Mortality from strokes has been steadily declining since 1950s
— A sharp decline noted in the 1970s, possibly related to improved diagnosis (Dx) and
treatment (Tx) of hypertension (HTN)
— Improved Dx by modern diagnostic imaging tools (CT and MRI), may also have
created a statistical decline in calculated mortality as smaller (less severe) strokes
were identified (Sacco, 1995).

RISK FACTORS (Stewart, 1999)
Nonmodifiable:

* Age—single most important risk factor for stroke worldwide; after age 55, incidence
increases for both males and females

Risk more than doubles each decade after age 55

Sex ( male > female)

Race ( African Americans 2x > whites > Asians)

Family history (Hx) of stroke
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Modifiable (treatable) risk factors:

Hypertension—probably the most important modifiable risk factor for both ischemic and

hemorrhagic stroke; increases risk by sevenfold

History of TIA /prior stroke (~ 5% of patients with TIA will develop a completed stroke

within 1 month if untreated)

Heart disease (Dz.)

— Congestive heart failure (CHF) and coronary artery disease (CAD): increases risk by
twofold

— Valvular heart Dz. and arrhythmias atrial fibrillation (A. Fib.)—increases risk of embolic
stroke
= A. Fib.: fivefold increase risk (Ryder, 1999)

Diabetes—twofold increase in risk; unfortunately, good blood sugar control has not been

shown to alter the risk of stroke

Cigarette smoking

Carotid stenosis (and carotid bruit); risk of stroke decreases with carotid endarterectomy

(CEA) on selected symptomatic patients (> 70% stenosis)

ETOH abuse/cocaine use

High-dose estrogens (birth control pills)—considerable increase in risk when linked to

cigarette smoking

Systemic diseases associated with hypercoagulable states

— Elevated RBC count, hematocrit, fibrinogen

— Protein S and C deficiency

— Sickle-cell anemia

- Cancer

Hyperlipidemia—several clinical trials have shown a reduction in stroke with use of

cholesterol reducing agents (~ 30% reduction risk of stroke with use of HMG-CoA reduc-

tase inhibitors)

* Migraine headaches
e Sleep apnea

Patent Foramen Ovale

[Obesity /sedentary life style (no clear relationship with increased risk of stroke)]
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BASIC NEUROANATOMICAL REVIEW OF THE MAJOR
VESSELS INVOLVED IN STROKE

Basilar A
Penetrating branches of
micidle carabral A

Postaricor cerabral A

Suparior carebellar A

Shaort circurnferential A
Faramedian
arteries

5th N =CN

&th N =CN
Tth M =CN

Anterior inferior
cerabellar A Superior lataral madullary A
gth and 10th N =CHN

Inferior lateral medullary A

Inferior lateral Micidle lateral madullary A

medullary A . X
Anterior spinal A

Pastetior inferion

caraballar A Vertebral A

FIGURE 1-1 The principle vessels of the vertebrobasilar system in relation to the brainstem. A =
artery; CN = cranial nerve

Anterior cerebral A.

Anterior communicating A.
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e /Midd\e cerebral A.
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FIGURE 1-2 The Circle of Willis is a ferocious spider that lives in the brain. His name is Willis! Note
that he has a nose, angry eyebrows, two suckers, eyes that look outward, a crew cut, antennae, a
fuzzy beard, 8 legs, a belly that, according to your point of view, is either thin (basilar artery) or fat
(the pons, which lies from one end of the basilar artery to the other), two feelers on his rear legs, and
male genitalia. In Fig. 1-2 the brain is seen from below, so the carotid arteries are seen in cross
section. (Reprinted with permission from Goldberg S. Clinical Neuroanatomy Made Ridiculously
Simple. Miami: Medmaster Inc.; 1997.)
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Middle cerebral

Anterior cerebral

Middle cerebral

Posterior cerebral

FIGURE 1-3 Major vascular supply to brain and functional diagram of motor strip. It is evident that
lower-limb motor strip is in anterior cerebral artery distribution while upper-extremity motor strip is sup-
plied by middle cerebral artery. (Reprinted with permission from Rosen P. Emergency Medicine—Stroke
3rd ed. St. Louis: Mosby; 1992.)

I:l Middle cerebral artery - Posterior cerebral artery

FIGURE 1-4 The three cerebral arteries’ cortical territories. A. Lateral aspect of the hemisphere.
B. Medial and inferior aspects of the hemisphere.

1. Most of the lateral aspect of the hemisphere is mainly supplied by the middle cerebral artery.

2. The anterior cerebral artery supplies the medial aspect of the hemisphere from the lamina termi-
nalis to the cuneus.

3. The posterior cerebral artery supplies the posterior inferior surface of the temporal lobe and the
visual cortex.
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FIGURE 1-5 Major vascular territories are shown in this schematic drawing of a coronal section
through the cerebral hemisphere at the level of the thalamus and the internal capsule.

Left Lateral View Left Medial View

P.C.A.

Choroidal and Striaté arteries
Coronal (Cross sectional) View

FIGURE 1-6 The cerebral blood circulation. MCA, middle cerebral artery; ACA, anterior cerebral
artery; PCA, posterior cerebral artery. (Reprinted with permission from Goldberg S. Clinical
Neuroanatomy Made Ridiculously Simple. Miami: Medmaster Inc.; 1997.)
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@ TYPES OF STROKE

TABLE 1-1
Ischemic 85% Hemorrhagic 15%

Type Thrombotic Embolic Lacunar Intracerebral | Subarachnoid
(hyperten- hemorrhage
sive) hemorr-|  (ruptured
hage aneurysms)

Frequency (%) | 35 30 20 10 5

Factors Occurs during | Occurs while In 90% of cases | Occurs during

associated sleep awake occurs when activity

with onset the patientis | (often
calm and strenuous
unstressed activity)

Blacks > whites

Major causes/ | Perfusion Due mainly to |Small lesions | Hypertension | From ruptured
etiology failure distal cardiac seen mainly: aneurysms
to site of source —putamen and vascular
severe —pons malforma-
stenosis or —thalamus tions
occlusion of —caudate
major vessels —internal cap-
sule/corona
radiata
Presentation | Slowly Sudden, Abrupt or Gradual onset | Sudden onset
(gradually) immediate gradual (over minutes
progressive deficit onset to days) or
deficit (seizures sudden onset
may occur) of local
neurologic
deficits
Link with TIA | 50% with TIA less 23% with 8% with 7% with
preceding common preceding preceding preceding
TIA (50% than in TIA TIA TIA
occurring thrombotic
same 11% with
vascular preceding
territory of TIA
preceding
TIA)

ISCHEMIC STROKES

Thrombotic (large artery thrombosis): 35% of all strokes

e Usually occurs during sleep (patient often awakens unaware of deficits)
* May have “stuttering,” intermittent progression of neurologic deficits or be slowly pro-

gressive (over 24-48 hours)

e Profound loss of consciousness rare, except when area of infarction is large or when brain-
stem involved
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Neurologic deficit varies according to cerebral territory affected

Perfusion failure distal to site of severe stenosis or occlusion of major vessels

Emboli from incompletely thrombosed artery may precipitate an abrupt deficit. May have
embolism from extracranial arteries affected by stenosis or ulcer

Embolic: 30% of all strokes

Usually occurs during waking hours

Deficit is immediate

Seizures may occur at onset of stroke

Cortical signs more frequent

Most often embolus plugs one of the branches of the middle cerebral artery. An embolus
may cause severe neurologic deficits that are temporary; symptoms resolve as the embolus
fragments

Presence of atrial fibrillation, history of recent myocardial infarction (MI) and occurrence
of emboli to other regions of the body support Dx of cerebral embolism

Suggested by history and by hemorrhagic infarction on CT (seen in 30% of patients with
embolism) also by large low-density zone on CT encompassing entire territory of major
cerebral artery or its main divisions

Most commonly due to cardiac source: mural thrombi and platelet aggregates

Chronic atrial fibrillation is the most common cause. Seen with myocardial infarction,
cardiac aneurysm, cardiomyopathy, atrial myxoma, valvular heart disease (rheumatic,
bacterial endocarditis, calcific aortic stenosis, mitral valve prolapse), sick sinus syndrome
75% of cardiogenic emboli go to brain

Lacunar infarction: 20% of all strokes

Lacunes are small (less than 15 mm) infarcts seen in the putamen, pons, thalamus,

caudate, and internal capsule

Due to occlusive arteriolar or small artery disease (occlusion of deep penetrating branches
of large vessels)

Occlusion occurs in small arteries of 50—200 wm in diameter

Strong correlation with hypertension (up to 81%); also associated with micro-atheroma,
microembolism or rarely arteritis

Onset may be abrupt or gradual; up to 30% develop slowly over or up to 36 hours

CT shows lesion in about 2/3 of cases (MRI may be more sensitive)

Relatively pure syndromes often (motor, sensory)—discussed below

Absence of higher cortical function involvement (language, praxis, non-dominant hemi-
sphere syndrome, vision)

Neuroanatomic Location of Ischemic Stroke (Adams, 1997)

1.

Anterior Circulation

INTERNAL CAROTID ARTERY (ICA): (most variable syndrome): Occlusion occurs most fre-
quently in the first part of the ICA immediately beyond the carotid bifurcation. ICA occlu-
sions often asymptomatic ( 30-40% of cases) (Fig. 1-7)

Ocular infarction: (embolic occlusion of either retinal branch or central retinal artery)
Transient monocular blindness (amaurosis fugax): the ICA nourishes the optic nerve and
retina as well as the brain; transient monocular blindness occurs prior to onset of stroke in
approximately 25% of cases of internal carotid occlusion. Central retinal artery ischemia is
very rare because of collateral supply
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e Cerebral infarction: Presentation of complete ICA occlusion variable, from no symptoms
(if good collateral circulation exists) to severe, massive infarction on ACA and MCA dis-
tribution. Failure of distal perfusion of internal carotid artery may involve all or part of the
middle cerebral territory and, when the anterior communicating artery is small, the ipsi-
lateral anterior cerebral artery. Contralateral motor and/or sensory symptoms present.

) Prerolandic A
Rolandic A

Posterior communicating A

Anterior parietal A

Posterior - \ . Lateral
periatal A { [ A Orbito-frontal A
: \ Middle cerabral sterm
Anterior cerebral A

Central ratinal A

Posterior
ternporal A

Vertzbral A

Intatior carotid A Posterior cerebral A

Basilar A

Exterior carctid A

Common
carotic A

Vertebral A

R. subclavian A

Innominata A Acrtic arch

FIGURE 1-7 Arterial anatomy of major vessels on the right side carrying blood from the heart to the
brain. Note location and course of the internal carotid artery.

MIDDLE CEREBRAL ARTERY (MCA): Occlusion occurs at stem of middle cerebral or at one
of the two divisions of the artery in the sylvian sulcus. (Figure 1-8)

Superior Division
Most common cause of occlusion of superior division of MCA is an embolus (superior
division of MCA supplies rolandic and prerolandic areas)

Presentation:

® Sensory and motor deficits on contralateral face and arm > leg

e Head and eyes deviated toward side of infarct

e With left-side lesion (dominant hemisphere)—global aphasia initially, then turns into
Broca’s aphasia (motor speech disorder)
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* Right side lesion (nondominant hemisphere)—deficits on spatial perception, hemineglect,
constructional apraxia, dressing apraxia

® Muscle tone usually decreased initially and gradually increases over days or weeks to
spasticity

¢ Transient loss of consciousness is uncommon

Inferior division (lateral temporal and inferior parietal lobes)

Presentation:

e With lesion on either side—superior quadrantanopia or homonymous hemianopsia
o Left side lesion—Wernicke’s aphasia

® Right side lesion—left visual neglect

FIGURE 1-8 The distribution of the middle cerebral artery on the lateral aspect of the cerebral
hemisphere. Principal regions of cerebral localization are noted.

ANTERIOR CEREBRAL ARTERY (ACA) (Figure 1-9):

e If occlusion is at the stem of the anterior cerebral artery proximal to its connection with the
anterior communicating artery = it is usually well tolerated because adequate collateral
circulation comes from the artery of the opposite side

e [ If both anterior cerebral arteries arise from one stem = major disturbances occur with
infarction occurring at the medial aspects of both cerebral hemispheres resulting in
aphasia, paraplegia, incontinence and frontal lobe/personality dysfunction

¢ Occlusion of one anterior cerebral artery distal to anterior communicating artery results in:
— L& Contralateral weakness and sensory loss, affecting mainly distal contralateral leg

(foot/leg more affected than thigh)
— Mild or no involvement of upper extremity
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— Head and eyes may be deviated toward side of lesion acutely

— Urinary incontinence with contralateral grasp reflex and paratonic rigidity may be
present

— May produce transcortical motor aphasia if left side is affected

— [ Disturbances in gait and stance = gait apraxia

FIGURE 1-9 The distribution of the anterior cerebral artery on the medial aspect of the cerebral
hemisphere, showing principal regions of cerebral localization.

2. Posterior Circulation: Vertebrobasilar Arteries & Posterior Cerebral Arteries

POSTERIOR CEREBRAL ARTERY (PCA):
Occlusion of PCA can produce a variety of clinical effects because both the upper brainstem
and the inferior parts of the temporal lobe and the medial parts of the occipital lobe are sup-
plied by it.

Particular area of occlusion varies for PCA because anatomy varies

® 70% of times both PCAs arise from basilar artery; connected to internal carotids through
posterior communicating artery

® 20%—-25%: one PCA comes from basilar; one PCA comes from ICA

¢ 5%--10%: both PCA arise from carotids

Clinical presentation includes:

Visual field cuts (including cortical blindness when bilateral)

May have prosopagnosia (can’t read faces)

palinopsia (abnormal recurring visual imagery)

alexia (can’t read)

transcortical sensory aphasia (loss of power to comprehend written or spoken words;
patient can repeat)

¢ [ Structures supplied by the interpeduncular branches of the PCA include the oculo-
motor cranial nerve (CN 3) and trochlear (CN 4) nuclei and nerves
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Clinical syndromes caused by the occlusion of these branches include oculomotor palsy
with contralateral hemiplegia = Weber’s syndrome (discussed below) and palsies of ver-
tical gaze (trochlear nerve palsy)

VERTEBROBASILAR SYSTEM:

Vertebral and basilar arteries: supply midbrain, pons, medulla, cerebellum, and posterior
and ventral aspects of the cerebral hemispheres (through the PCAs.)

Vertebral arteries: branches of the subclavian; are the main arteries of the medulla. At the
pontomedullary junction, the two vertebral arteries join to form the basilar artery, which
supplies branches to the pons and midbrain. Cerebellum is supplied by posterior-inferior
cerebellar artery (PICA) from vertebral arteries, and by anterior-inferior cerebellar artery
(AICA) and superior cerebellar artery, from basilar artery

Vertebrobasilar system involvement may present any combination of the following
signs/symptoms: vertigo, nystagmus, abnormalities of motor function often bilateral.
usually ipsilateral cranial nerve dysfunction

Crossed signs: motor or sensory deficit on ipsilateral side of face and opposite side of
body; ataxia, dysphagia, dysarthria

Important: There is absence of cortical signs (such as aphasias or cognitive deficits) that are
characteristic of anterior circulation involvement

Syndromes of the Vertebrobasilar System

Lateral Medullary (Wallenberg’s) Syndrome

This syndrome is one of the most striking in neurology. It occurs due to occlusion of the
following:

1. vertebral arteries (involved in 8 out of 10 cases)
2. posterior inferior cerebellar artery (PICA)

3. superior lateral medullary artery

4. middle lateral medullary artery

5. inferior lateral medullary artery

Wallenberg's syndrome also known as lateral medullary syndrome, PICA syndrome, and
vertebral artery syndrome.
Signs and symptoms include the following;:
— Ipsilateral side
= Horner’s syndrome (ptosis, anhydrosis, and miosis)
= decrease in pain and temperature sensation on the ipsilateral face
» cerebellar signs such as ataxia on ipsilateral extremities (patient falls to side of lesion)
— Contralateral side
= Decreased pain and temperature on contralateral body
— Dysphagia, dysarthria, hoarseness, paralysis of vocal cord
— Vertigo; nausea and vomiting
— Hiccups
- Nystagmus, diplopia
Note: No facial or extremity muscle weakness seen in this syndrome
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Il. Benedikt’'s Syndrome (Red Nucleus/Tegmentum of Midbrain):

¢ Obstruction of interpeduncular branches of basilar or posterior cerebral artery or both
¢ Ipsilateral Il nerve paralysis with mydriasis, contralateral hypesthesia (medial lemniscus),
contralateral hyperkinesia (ataxia, tremor, chorea, athetosis) due to damage to red nucleus

lll. Syndromes of the ParamedianArea (Medial Brainstem):

Paramedian area contains:
e Motor nuclei of CNs

¢ Cortico-spinal tract

e Medial lemniscus

e Cortico-bulbar tract

Signs/symptoms include:
¢ contralateral hemiparalysis
e ipsilateral CN paralysis

Cwoeran N rons W weoutin

Location (grossly) of cranial nerve nuclei on brainstem
*E NOTE: nucleus of CN 1 and CN 2 located in forebrain. Spinal division of CN 11 arises from
ventral horn of cervical segments C1-C6.

TABLE 1-2 Syndromes of the Paramedian Area (Medial Brainstem)

Medial Medullary
Syndrome
Weber Syndrome Millard-Gubler Syndrome “Another Lesion”
¢ Ipsilateral CN 3 palsy o Ipsilateral CN 6 paralysis ¢ Ipsilateral CN 12 palsy
(often CN 7 also involved)
¢ Contralateral hemiplegia ¢ Contralateral hemiplegia ¢ Contralateral hemiplegia
(extension into medial
lemniscus is Foville’s
Syndrome with gaze palsy to
side of lesion).
* Contralateral lemniscal ¢ Contralateral lemniscal
(tactile sensation) sensory sensory loss
loss secondary to damage
to medial lemniscus
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Gross depiction of the paramedian area of the brainstem and associated syndromes.

Weber Syndrome

(Base of midbrain): Obstruction of interpeduncular branches of posterior cerebral artery or
posterior choroidal artery or both. Ipsilateral CN 3 cranial nerve paralysis, contralateral
hemiplegia, contralateral Parkinson’s signs, contralateral dystaxia (mild degree of ataxia).

Millard-Gubler Syndrome

(Base of pons): Obstruction of circumferential branches of basilar artery. Ipsilateral facial
(CN 7) and abducens (CN 6) palsy, contralateral hemiplegia, analgesia, hypoesthesia.

¢ Extension to medial lemniscus = Raymond-Foville’s Syndrome (with gaze palsy to side of
lesion)

Medial Medullary Syndrome

Caused by an infarction of the medial medulla due to occlusion (usually atherothrombotic)
of penetrating branches of the vertebral arteries (upper medulla) or anterior spinal artery
(lower medulla and medullo-cervical junction).

® Rare; ratio of medial medullary infarct to lateral medullary infarct ~ 1-2 : 10
e Typical syndrome:
— Ipsilateral hypoglossal palsy (with deviation toward the side of the lesion)
— Contralateral hemiparesis
— Contralateral lemniscal sensory loss (proprioception and position sense)

TABLE 1-3 Syndromes of the Brainstem

Medial Brain Stem Lesions
Main Arteries (Paramedian area syndromes) | Lateral Brain Stem Lesions
Midbrain | PCA Weber syndrome
Pons Basilar Millard-Gubler syndrome
Medulla | Vertebral (or anterior | Medial medullary syndrome Wallenberg syndrome
spinal artery)
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IV. Basilar Artery Occlusion Syndrome

Occlusion may arise in several ways:

¢ atherosclerotic plaque in the basilar artery itself (usually lower third)
¢ occlusion of both vertebral arteries
® occlusion of one vertebral artery when it is the only one of adequate size

Note:

¢ Thrombosis usually only obstructs a branch of basilar artery rather than the trunk
¢ Emboli, if they get through the vertebral arteries, usually lodge in one of the posterior
cerebral arteries or at the upper bifurcation of the basilar artery

May cause internuclear ophthalmoplegia, conjugate horizontal gaze palsy, ocular bobbing.
Ptosis, nystagmus common but variable. May see palatal myoclonus, coma.

Locked-in syndrome: tetraparesis with patients only able to move eyes vertically or blink;
patient remains fully conscious secondary to sparing of the reticular activating system;
caused by bilateral lesions of the ventral pons (basilar artery occlusion). Some degree of
paresis accompanies nearly all cases of basilar artery occlusion.

Neuroanatomic Location of Lacunar Infarction Syndromes

TABLE 1-4
Lacunar Syndrome Anatomical Location
1. Pure motor hemiplegia Posterior limb of internal capsule
—~Weakness involves face, arm, and leg; no sensory Corona radiata
deficits, aphasia or parietal signs Pons
2. Pure sensory stroke Thalamus (ventro-lateral)
Parietal white matter
Thalamocortical projections
3. 3 Dysarthria—clumsy hand syndrome Basis pontis
Internal capsule (anterior limb)
4. Sensorimotor stroke Junction of internal capsule and thalamus
5. Ataxia and leg paralysis Pons
Midbrain
Internal capsule
Cerebellum
Parietal white matter
Coronal Radiata
6. Hemichorea-hemiballismus Head of the caudate
Thalamus
Subthalamic nucleus

HEMORRHAGIC STROKES (see Table 1-1)

15% of all strokes may be secondary to hypertension, ruptured aneurysm, arteriovenous mal-
formation (AVM), blood dyscrasias/bleeding disorders, anticoagulants, bleeding into
tumors, angiopathies.
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. Hypertensive Intracerebral Hemorrhage

e Linked to chronic HTN (> one-third occur in normotensives)

e Sudden onset of headache, and/or loss of consciousness

¢ Vomiting at onset in 22%-44%

e Seizures occur in 10% of cases (first few days after onset)

* Nuchal rigidity common

e Sites: putamen, thalamus, pons, cerebellum; some from white matter

* Frequently extends to ventricular subarachnoid space

® Preceded by formation of “false” aneurysms (microaneurysms) of Charcot & Bouchard
= arterial wall dilations 2° to HTN

Locations

1. Putamen: Most common; hemiplegia 2° to compression of adjacent internal capsule.
Vomiting in ~ 50%; headache frequent but not invariable
® Large hemorrhage: Stupor/coma + hemiplegia with deterioration in hours.

e With smaller hemorrhages: Headache (HA) leading to aphasia, hemiplegia, eyes
deviate away from paretic limbs

* These symptoms, occurring over few minutes to one-half hour, are strongly sugges-
tive of progressive intracerebral bleeding

2. Thalamus: Hemiplegia by compression of adjacent internal capsule; contralateral
sensory deficits; aphasia present with lesions of the dominant side; contralateral hem-
ineglect with involvement on the nondominant side. Ocular disturbances with exten-
sion of hemorrhage into subthalamus

3. Pontine: Deep coma results in a few minutes; total paralysis, small pupils (1 mm) that
react to light; decerebrate rigidity — death occurs in few hours. Patient may survive if
hemorrhage is small (smaller than 1 cm)

4. Cerebellum: Develops over several hours. Coma/loss of consciousness (LOC)
unusual vomiting, occipital HA, vertigo, inability to sit, stand or walk, eyes deviate to
opposite side (ipsilateral CN 6 palsy); dysarthria, dysphagia

5. Lobar hemorrhage: HA and vomiting. A study of 26 patients revealed:

® 11 occipital: Dense homonymous hemianopsia and pain ipsilateral eye

e 7 temporal: Partial hemianopsia/fluent aphasia/pain ear

e 4 frontal: Contralateral hemiplegia (mainly the arm) and frontal headache
e 3 parietal: Hemisensory deficit (contralateral) /anterior temporal HA

. Subarachnoid Hemorrhage (SAH) (Ruptured Saccular Arterial Aneurysm)

Saccular aneurysms = Berry aneurysms

Arterial dilations found at bifurcations of larger arteries at base of brain (circle of Willis
or major branches). (Fig. 1-10)

90%-95% of saccular aneurysms occur on the anterior part of the circle of Willis.
Presumed to result from congenital medial and elastica defects vs hemodynamic forces
causing focal destruction of internal elastic membrane at bifurcations. (Adams, 1997)
Multiple in 20% of patients (either unilateral or bilateral)

Other types of aneurysms: arteriosclerotic, mycotic, dissecting aneurysms, traumatic,
neoplastic

More likely to rupture if 10mm or larger (rupture may occur in smaller aneurysms)
Rupture occurs usually when patient is active rather than during sleep (e.g., straining,
coitus)

Peak age for rupture = fifth and sixth decade
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FIGURE 1-10 The principle sites of saccular aneurysms. The majority (approximately 90%) of
aneurysms occur on the anterior half of the Circle of Willis.

Clinical Presentation of Saccular Aneurysms/SAH:
Symptoms due to aneurysms; presentation can be either:

1. None, usually asymptomatic prior to rupture. (intracranial aneurysms are common,

found during 3%-5% of routine autopsies)
2. Compression of adjacent structures

(e.g., Compression of oculomotor nerve (CN 3) with posterior communicating—
internal carotid junction aneurysm or posterior communicating—posterior cerebral
artery aneurysm)

Signs of CN 3 involvement:

¢ Deviation of ipsilateral eye to lateral side (lateral or divergent strabismus) because of
unopposed action of lateral rectus muscle

* Ptosis

* Mydriasis (dilated pupil) and paralysis of accommodation due to interruption of
parasympathetic fibers in the CN 3

. Rupture of aneurysm producing subarachnoid hemorrhage with or without intracere-

bral hematoma

* “Sentinel” HA prior to rupture in ~ 50% of patients

e With subarachnoid hemorrhage, blood is irritating to the dura causing severe HA
classically described as “worst headache of my life”

e Sudden, transient loss of consciousness in 20%-45% at onset

* May have CN 3 or CN 6 palsy (from direct pressure from the aneurysm vs. accumu-
lation of an intracerebral hematoma vs early development of arterial spasm), hemi-
paresis, aphasia (dominant hemisphere), memory loss

¢ Seizures: 4% at onset/25% overall

* Mortality 25% during first 24 hours

e Risk of rebleeding within one month 30%; 2.2% per year during first decade

® Mortality from rebleeding in the early weeks after initial event: 50% to 60%

® Vasospasm: common complication occurring in ~ 25% of cases; caused by the pres-
ence of blood breakdown products (vasoactive amines) on the subarachnoid space,
acting in the adventitia of the arteries. Occurs 3-12 days after rupture (frequently ~
7 days after rupture)
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* Meds: nimodipine, a calcium channel blocker, is useful in the treatment of cerebral
blood vessel spasm after subarachnoid hemorrhage (see Treatment section below)

lll. Vascular Malformations/AVMs

Consists of a tangle of dilated vessels that form an abnormal communication between
the arterial and venous systems: an arteriovenous (AV) fistula

Congenital lesions originating early in fetal life

AVM composed of coiled mass of arteries and veins with displacement rather than inva-
sion of normal brain tissue

AVMs are usually low-pressure systems; the larger the shunt, the lower the interior
pressure. Thus, with these large dilated vessels there needs to be an occlusion distally to
raise luminal pressures to cause hemorrhage

Hemorrhage appears to be more common in smaller malformations, which is probably
due to higher resistance and pressure within these lesions

Patients are believed to have a 40%-50% risk of hemorrhage from AVM in life span
Natural history of AVMs: bleeding rate per year = 2%—4%

Rebleeding rate 6% first year post-hemorrhage

Annual mortality rate: 1% (per year)

First hemorrhage fatal in ~10% of these patients

Bleeding commonly occurs between the ages of 20-40 years

Clinical Presentation of AVM Rupture:

Hemorrhage: Majority of symptomatic patients present with hemorrhage. Cerebral
hemorrhage first clinical manifestation in ~ 50% of cases; may be parenchymal (41%),
subarachnoid (23%), or intraventricular (17%) (Brown et al., 1996)

Seizures: presenting feature in 30% of cases

Headaches: presenting complaint in 20% of cases; 10% (overall) with migraine-like
headache

||
DIAGNOSTIC STUDIES

TABLE 1-5 Diagnostic Studies

Infarct Hemorrhage
CT Focally decreases density (hypodense) = darker Blood
than normal Hyperdense (radio-opaque)
BLACK WHITE
Not seen immediately (unless there is a mass effect) Seen immediately
May be seen after 24 hrs. (due to increase in edema);
seen best within 3 to 4 days
MRI Edema Blood
Fluid: high density Low signal density
WHITE BLACK (on either T1 or T2)
Can be seen immediately as bright area
onT,
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1. CT Scan:
Major role in evaluating presence of blood (cerebral hemorrhage or hemorrhagic infarc-
tion), especially when anticoagulation is under consideration.

If intracranial (IC) hemorrhage suspected, CT scan without contrast is the study of choice
Why?: To avoid confusing blood with contrast, as both appear white on CT scan.

Cerebral Infarction:

e Regardless of stroke location or size, CT is often normal during the first few hours
after brain infarction

e Infarcted area appears as hypodense (black) lesion usually after 24-48 hours after the
stroke (occasionally positive scans at 3-6 hours <> subtle CT changes may be seen
early with large infarcts, such as obscuration of gray-white matter junction, sulcal
effacement, or early hypodensity)

¢ Hypodensity initially mild and poorly defined; edema better seen third or fourth day
as a well-defined hypodense area

e CT with contrast: IV contrast provides no brain enhancement in day 1 or 2, as it must
await enough damage to blood brain barrier; more evident in 1-2 weeks. Changes dis-
appear in 2 to 3 months

* Some studies suggest worse prognosis for patients receiving IV contrast early

e Hemorrhage can occur within an infarcted area, where it will appear as a hyperdense
mass within the hypodense edema of the infarct

Hemorrhagic Infarct:

¢ High density (white) lesion seen immediately in ~100% cases. Proved totally reliable
in hemorrhages 1.0 cm or more. Demonstration of clot rupture into the ventricular
system (32% in one series) not as ominous as once thought

Subarachnoid Hemorrhage:

* Positive scan in 90% when CT performed within 4-5 days (may be demonstrated for
only 8-10 days). SAH can really be visualized only in the acute stage, when blood is
denser (whiter) than the cerebrospinal fluid (CSF)

* Appears as hyperdense (or isodense) area on CT scan—look for blood in the basal cis-
terns or increase density in the region around the brainstem. May sometimes localize
aneurysm based upon hematoma or uneven distribution of blood in cisterns.

* Once diagnosis of SAH has been established, angiography is generally performed to
localize and define the anatomic details of the aneurysm and to determine if others
aneurysms exist

2. MRI Scan:
More sensitive than CT scan in detecting small infarcts (including lacunar) and poste-
rior cranial fossa infarcts (because images are not degraded by bone artifacts); ischemic
edema detected earlier than with CT—within a few hours of onset of infarct.

Cerebral Infarction:

e Early, increased (white) signal intensity on T2 weighted images, more pronounced at
24 hours to 7 days (Tl may show mildly decreased signal)

¢ Chronically (21 days or more), decreased Tl and T2 weighted signals

Intracerebral Hemorrhage:

* Acute hemorrhage: decreased (black) signal or isointense on Tl and T2 weighted images

* Edema surrounding hemorrhage appears as decreased intensity on Tl weighted
image; increased (white) signal on T2 images

* As hemorrhage ages, it develops increased signal on Tl and T2 images

Subarachnoid or Intraventricular Hemorrhage:
e Acutely, low signal (black) on Tl and T2 images
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MRI/MRA:
Detects most aneurysms on the basal vessels; insufficient sensitivity to replace conven-
tional angiography

Lacunes:

CT scan documents most supratentorial lacunar infarctions, and MRI successfully
documents both supratentorial and infratentorial infarctions when lacunes are 0.5
cm or greater

3. Carotid Ultrasound:
Real time B-mode imaging; direct doppler examination. Screening test for carotid
stenosis; identification of ulcerative plaques less certain. Useful in following patients
for progression of stenosis.

4. Angiography:
Conventional angiography, intravenous digital subtraction angiography (DSA), and
intra-arterial digital subtraction angiography

MRA:

DSA studies: safer, may be performed as outpatient

Evaluation of extracranial and intracranial circulation

Valuable tool for diagnosis of aneurysms, vascular malformations, arterial dissec-
tions, narrowed or occluded vessels, and angiitis

Complications: occur in 2% to 12%; complications include aortic or carotid artery dis-
section, embolic stroke, vascular spasm, and occlusion

Morbidity associated with procedure: 2.5%

Carotid and vertebral angiography—only certain means of demonstrating an
aneurysm—positive in 85% of patients with “clinical” SAH

Can reliably detect extracranial carotid artery stenosis; may be useful in evaluating
patency of large cervical and basal vessels

5. Lumbar Puncture:
Used to detect blood in CSF; primarily in subarachnoid hemorrhage when CT not avail-
able or, occasionally, when CT is negative and there is high clinical suspicion

6. Transesophageal Echo:
Transesophageal echocardiographic findings can be helpful for detecting potential
cardiac sources of embolism in patients with clinical risks for cardioembolism or
unexplained stroke.

]
TREATMENT

IMMEDIATE MANAGEMENT (Ferri, 1998; Rosen, 1992; Stewart, 1999)

* Respiratory support/ABCs of critical care

* Airway obstruction can occur with paralysis of throat, tongue, or mouth muscles and
pooling of saliva. Stroke patients with recurrent seizures are at increased risk of airway
obstruction. Aspiration of vomiting is a concern in hemorrhagic strokes (increased associ-
ation of vomiting at onset). Breathing abnormalities (central) occasionally seen in patients
with severe strokes

¢ Control of blood pressure (see following)
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* Indications for emergent CT scan
— Because the clinical picture of hemorrhagic and ischemic stroke may overlap, CT scan
without contrast is needed in most cases to definitively differentiate between the two
— Determine if patient is a candidate for emergent thrombolytic therapy
— Impaired level of consciousness/coma: If there is acute deterioration of level of con-
sciousness, evaluate for hematoma/acute hydrocephalus; treatment: emergency surgery
— Coagulopathy present (i.e., rule out (R/O) hemorrhage)
— Fever and concern regarding brain ulcers or meningitis
* Seizure management (see below)
® Obtain blood sugar levels immediately
- Hypoglycemia — bolus 50% dextrose
— Hyperglycemia: shown to potentiate severity of brain ischemia in animal studies.
— Insulin if blood sugar > 300 mg/dl
¢ Control of Intracranial Pressure (ICP) (see below)
e Fever: potentially damaging to the ischemic brain.
— Antipyretics (acetaminophen) should be given early while the source of fever is being
ascertained
¢ Intravenous Fluid: Normal Saline Solution (NSS) or Ringer’s lactate; avoid hypotonic
solutions or excessive loading because they may worsen brain edema
* Keep patient NPO if at risk of aspiration

Blood Pressure Management:

Management of blood pressure after acute ischemic and hemorrhagic stroke is controversial.
Many patients have HTN after ischemic or hemorrhagic strokes but few require emergency
treatment. Elevations in blood pressure usually resolve without antihypertensive medica-
tions during the first few days after stroke. (Biller and Bruno, 1997)

Antihypertensive treatment can lower cerebral perfusion and lead to worsening of stroke.
The response of stroke patients to antihypertensive medications can be exaggerated.

Current treatment recommendations are based on the type of stroke, ischemic vs. hemorrhagic

Ischemic Stroke:

TABLE 1-6 American Heart Association Recommendations for HTN Management in Ischemic Stroke

Nonthrombolytic candidates Treatif : SBP >220
DBP >120
or MAP >120
Thrombolytic candidates Treatif : SBP >185
(before thrombolytic treatment give) DBP >110

* IV labetalol and enalapril are favored antihypertensive agents.

Hemorrhagic Strokes:

Treatment of increased BP during hemorrhagic strokes is controversial. Usual recommenda-
tion is to treat at lower levels of blood pressure than for ischemic strokes because of concerns
of rebleeding and extension of bleeding.

® Frequent practice is to treat BP if: SBP > 180, DBP > 105
e Agent of choice: IV labetalol (Iabetalol does not cause cerebral vasodilation, which could
worsen increased ICP)
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Seizure Management:

Recurrent seizures: potentially life-threatening complication of stroke (see Stroke
Rehabilitation)
Seizures can substantially worsen elevated ICP
Benzodiazepines = first-line agents for treating seizures
IV lorazepam or diazepam
If seizures don’t respond to IV benzodiazepines, treat with long acting anticonvulsants:
Phenytoin - 18 mg/kg
Also fosphenytoin — 17 mg/kg
Phenobarbital — 1000 mg or 20 mg/kg

Intracranial Pressure Management:

Increased ICP reduces cerebral blood perfusion

Cerebral perfusion calculated by subtracting ICP from mean arterial pressure (MAP). It
should remain > 60 mm Hg to ensure cerebral blood flow

Fever, hyperglycemia, hyponatremia, and seizures can worsen cerebral edema by increasing
ICp

Keep ICP <20 mmHg

Management of ICP:

Correction of factors exacerbating increased ICP
- Hypercarbia

— Hypoxia

— Hyperthermia

Acidosis

Hypotension

- Hypovolemia

Positional
- Avoid flat, supine position; elevate head of bed 30°
— Avoid head and neck positions compressing jugular veins

Medical Therapy

- Intubation and hyperventilation: reduction of PaCO, through hyperventilation is the
most rapid means of lowering ICP. Keep ICP < 20 mmHg

— Hyperventilation should be used with caution because it reduces brain tissue PO,
(PbrO,); hypoxia may lead to ischemia of brain tissue, causing further damage in the
CNS after stroke

— Optimal PaCO, ~ 25-30 mmHg

— Hyperosmolar therapy with mannitol improves ischemic brain swelling (by diuresis
and intravascular fluid shifts)

— Furosemide/acetazolamide may also be used

— High doses of barbiturates (e.g., thiopental) rapidly lower ICP and suppress electrical
brain activity

Fluid Restriction
- Avoid glucose solutions; use normal saline; maintain euvolemia
— Replace urinary losses with normal saline in patients receiving mannitol

Surgical Therapy
- Neurosurgical decompression
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THROMBOLYTIC THERAPY
IV tissue — plasminogen activator (t-PA)

First FDA approved Tx for ischemic strokes in selected patients

* In National Institute of Neurologic Disorders (1995) trial, patients given t-PA within three
hours of onset of stroke were 30% more likely to have minimal or no disability at three
months compared to patrents treated with placebo

¢ There was a tenfold increase in hemorrhage (overall) with t-PA compared to placebo (6.4%
vs. 0.6%) and in fatal ICH (3% vs. 0.3%)

¢ However, mortality was higher in placebo group than in t-PA groups; overall mortality:
17% t-PA (including hemorrhage cases) vs. 21% placebo

Inclusion criteria

* Age 18 yrs or older

¢ Time of onset of symptoms well established to be < three hours before treatment would begin
e Patients with measurable neurologic deficits (moderate to severe stroke symptoms)

¢ CT negative for blood

Exclusion criteria

Minor stroke symptoms/ TIA (symptoms rapidly improving)
CT positive for blood

Blood Pressure > 185/100 despite moderate Tx

Increased PT/PTT

Decreased PLTs

Blood Sugar < 50, > 400

Hx stroke past 3 month

Hx of ICH, AVM or aneurysm

Seizure at onset of stroke

Streptokinase

Three recent large randomized trials of streptokinase in stroke suspended because of increase
in hemorrhage and mortality in treatment group

ANTICOAGULANT THERAPY

Heparin

* Frequently used in patients with acute ischemic stroke, but its value is unproven

¢ There is no unanimity on when heparin should be started, desired level of anticoagulation
or if bolus dose should be given or not

Low molecular-weight heparin

* has more selective antithrombotic action than heparin (may be safer)

e Kay et al. (1995) study reporting improvement in survival and decrease in eventual rate of
dependency (rated by Barthel Index) in patients treated with low molecular-weight heparin
(LMWH) within 48 hours of onset of stroke compared to placebo

Aspirin, warfarin, ticlopidine (Ticlid®), clopidogrel, Plavix® (Creager, 1998)

 All have been shown to decrease the risk of subsequent stroke in patients with TIA.

e Usefulness in Tx of acute stroke unknown

e Anticoagulant therapy with warfarin: Stroke incidence and mortality in patients at high
risk reduced; might be the best option for patients with a history of atrial fibrillation, prior
stroke (or TIA), HTN, diabetes and CHF (Ryder, 1999)
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Indications for Anticoagulation (Controversial)

* Stroke in evolution:

Neurologic deficit developing in stepwise progression (over 18 to 24 hours in carotid circu-
lation; up to 72 hours in vertebrobasilar circulation). IV heparin efficacy unproven as previ-
ously mentioned. Generally, IV heparin given for at least several days to increase PTT to 1.5
to 2.5 times control. Coumadin® may be used for longer period (e.g, 6-month trial)

* Cardiac emboli (best reason to anticoagulate):

— Primarily from nonvalvular atrial fibrillation and mural thrombus from myocardial
infarction (MI)

— Anticoagulation reported to reduce incidence of cerebral emboli in patients with MI by
75%

— Timing of anticoagulation in patients with cardiac emboli controversial; probable risk of
inducing cerebral hemorrhage or hemorrhagic infarction within large infarcts if antico-
agulated in first 24-32 hours

— If neurologic deficit is mild (and CT shows no hemorrhage) may begin anticoagulation
immediately

— If deficit severe (clinically and/or CT), wait 3-5 days before starting anticoagulation

— 15% of cardiogenic emboli lodge in the brain. The most common cause is chronic atrial
fibrillation

* Transient Ischemic Attacks:
— Some studies suggest that a cluster of recent, frequent (“crescendo”) TIAs is an indication
for anticoagulation therapy. Use of anticoagulants (heparin, Coumadin®) in TIA is empirical
— May consider use of Coumadin® when antiplatelet drugs fail to reduce attacks

e Completed Stroke:
— Anticoagulation not considered beneficial after major infarction and usually not of great
value once stroke is fully developed
— Empirically, some will utilize anticoagulation (initially with IV heparin) in setting of
mild infarct to theoretically prevent further progression in same vascular territory
Coumadin® may be continued for several weeks to 3 to 6 months
— Anticoagulation generally not employed for lacunar infarction

CORTICOSTEROIDS:

* No value in ischemic strokes
* Some studies suggest worsening in prognosis of stroke patients due to hyperglycemia

CAROTID ENDARTERECTOMY (CEA)

Symptomatic carotid stenosis

CEA for symptomatic lesions with > 70% stenosis (70%-99%) is effective in reducing the inci-
dence of ipsilateral hemisphere stroke. (North American Symptomatic Carotid
Endarterectomy Trial Collaborators, 1991), (Endarterectomy for moderate symptomatic
carotid stenosis: Interim results from the MRC European Carotid Surgery Trial, 1996)
(Executive Committee for Asymptomatic Carotid Artherosclerosis Study, 1995)

American Heart Association (AHA) guidelines for CEA (Moore, 1995)

1. CEA is proven beneficial in:
e Symptomatic patients with one or more TIAs (or mild stroke) within the past 6 months
and carotid stenosis = 70%
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2. CEA is “Acceptable but not proven”:
e TIAs or mild and moderate strokes within the last 6 months and stenosis 50% to 69%
® Progressive stroke and stenosis = 70%

CEA for Asymptomatic Carotid Stenosis

¢ Indications—Controversial
e AHA guidelines (Moore, 1995)
“Acceptable but not proven”: in stenosis > 75% by linear diameter (asymptomatic cases)

Note: recent studies present opposing views on indications for surgery in asymptomatic
carotid stenosis

Asymptomatic Carotid Atherosclerosis Study (ACAS) (Executive Committee for the
Asymptomatic Carotid Artherosclerosis Study, 1995) (Young et al., 1996)

¢ Study showed a significant reduction (53%) in risk of ipsilateral stroke in a five-year
period in asymptomatic patients with > 60% carotid stenosis (and < 3% rate perioper-
ative morbidity/mortality); risk was 5.1% on patients treated surgically vs. 11.0% in
patients treated medically.

* ACAS study not evaluated for AHA guidelines on 1995

ECST (Endarterectomy for moderate symptomatic carotid stenosis: Interim results from
the MRC European Carotid Surgery Trial, 1996). This 3 year study showed:

* In patients with asymptomatic carotid stenosis < 70%, risk of stroke is low, 2%. In
patients with stenosis > 70%, risk also is low, 5.7%
* Conclusion of study was that CEA is not justified in asymptomatic carotid stenosis.

TREATMENT OF SUBARACHNOID HEMORRHAGE (see also Tx of ICP)

Bed rest in a quiet, dark room with cardiac monitoring (cardiac arrhythmias are common)

Control of headaches with acetaminophen and codeine

Mannitol to reduce cerebral edema

Control of blood pressure—have the patient avoid all forms of straining (give stool soft-

eners and mild laxatives)

* Early surgery (with clipping of aneurysm) better; reduces risk of rebleeding; does not
prevent vasospasm or cerebral ischemia

* Nimodipine (calcium channel blocker) shown to improve outcome after SAH

(decreased vasospasms). It is useful in the treatment of cerebral blood vessel spasm after

SAH. It decreases the incidence of permanent neurologic damage and death. Therapy

should be initiated within 96 hours of the onset of hemorrhage

TREATMENT OF INTRACRANIAL HEMORRHAGE

* Management of increased ICP and blood pressure (see previous)
® Large intracranial or cerebellar hematomas often require surgical intervention

TREATMENT OF ARTERIOVENOUS MALFORMATION (AVM) (Hamilton and Septzler,
1994; Schaller, Scramm, and Haun, 1998)

* Treatment advised in both symptomatic and asymptomatic AVMs

Surgical excision if size and location feasible (and depending on perioperative risk)
Embolization

Proton Beam Therapy (via stereotaxic procedure)

Small asymptomatic AVMs: radiosurgery/microsurgical resection recommended
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]
STROKE REHABILITATION

INTRODUCTION

The primary goal of stroke rehabilitation is functional enhancement by maximizing the inde-
pendence, life style, and dignity of the patient.

This approach implies rehabilitative efforts from a physical, behavioral, cognitive,
social, vocational, adaptive, and re-educational point of view. The multidimensional nature
of stroke and its consequences make coordinated and combined interdisciplinary team care
the most appropriate strategy to treat the stroke patient.

Recovery from impairments

Hemiparesis and motor recovery have been the most studied of all stroke impairments. Up
to 88% of acute stroke patients have hemiparesis

The process of recovery from stroke usually follows a relatively predictable, stereo-
typed series of events in patients with stroke-induced hemiplegia. These sequence of events
have been systematically described by several clinical researchers.

Twitchell (1951) published a highly detailed report describing the pattern of motor recovery
following a stroke (pattern most consistent in patients with cerebral infarction in the MCA
distribution)
e His sample included 121 patients, all except three having suffered either thrombosis or
embolism of one of the cerebral vessels
e Immediately following onset of hemiplegia there is total loss of voluntary movement and
loss or decrease of the tendon reflexes
e This is followed (within 48 hours) by increased deep tendon reflexes on the involved side,
and then (within a short time) by increased resistance to passive movement (tone returns
— spasticity), especially in flexors and adductors in the upper extremity (UE) and exten-
sors and adductors in the lower extremity (LE)
e As spasticity increased, clonus (in ankle plantar flexors) appeared in 1-38 days post- onset
of hemiplegia
® Recovery of movement:
— 6 to 33 days after the onset of hemiplegia, the first “intentional” movements (shoulder
flexion) appears
— In the UE, a flexor synergy pattern develops (with shoulder, elbow, wrist and finger
flexion) followed by development of an extensor synergy pattern. Voluntary movement
in the lower limb also begins with flexor synergy (also proximal—hip) followed by
extensor synergy pattern
e With increase of voluntary movement, there is a decrease in the spasticity of the muscles
involved
e Tendon reflexes remain increased despite complete recovery of movement
e At onset of hemiplegia, the arm is more involved than the leg, and eventual motor
recovery in the leg occurs earlier, and is more complete, than in the arm
® Most recovery takes place in the first three months and only minor additional recovery
occurs after six months post onset

Predictors of motor recovery:

e Severity of arm weakness at onset:
— With complete arm paralysis at onset, there is a poor prognosis of recovery of useful
hand function (only 9% gain good recovery of hand function)
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e Timing of return of hand movement:
— If the patient shows some motor recovery of the hand by four weeks, there is up to 70%
chance of making a full or good recovery
— Poor prognosis with no measurable grasp strength by four weeks
® Poor prognosis associated also with:
— Severe proximal spasticity
Prolonged “flaccidity” period
— Late return of proprioceptive facilitation (tapping) response > nine days
Late return of proximal traction response (shoulder flexors/adductors) > 13 days

Brunnstrom (1966, 1970) and Sawner (1992) also described the process of recovery fol-
lowing stroke-induced hemiplegia. The process was divided into a number of stages:

1. Flaccidity (immediately after the onset)
No “voluntary” movements on the affected side can be initiated

2. Spasticity appears
Basic synergy patterns appear
Minimal voluntary movements may be present

3. Patient gains voluntary control over synergies
Increase in spasticity

4. Some movement patterns out of synergy are mastered (synergy patterns still predominate)
Decrease in spasticity

5. If progress continues, more complex movement combinations are learned as the basic
synergies lose their dominance over motor acts
Further decrease in spasticity

6. Disappearance of spasticity
Individual joint movements become possible and coordination approaches normal

7. Normal function is restored

REHABILITATION METHODS FOR MOTOR DEFICITS: Major theories of rehabilitation
training

Traditional Therapy:

Traditional therapeutic exercise program consists of positioning, ROM exercises, strength-
ening, mobilization, compensatory techniques, endurance training (e.g., aerobics).
Traditional approaches for improving motor control and coordination: emphasize need of
repetition of specific movements for learning, the importance of sensation to the control of
movement, and the need to develop basic movements and postures. (Kirsteins, Black,
Schaffer, and Harvey, 1999)

Proprioceptive (or peripheral) Neuromuscular Facilitation (PNF) (Knott and Voss, 1968)

o Uses spiral and diagonal components of movement rather than the traditional movements in car-
dinal planes of motion with the goal of facilitating movement patterns that will have more func-
tional relevance than the traditional technique of strengthening individual group muscles

e Theory of spiral and diagonal movement patterns arose from observation that the body
will use muscle groups synergistically related (e.g., extensors vs. flexors) when performing
a maximal physical activity
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Stimulation of nerve/muscle/sensory receptors to evoke responses through manual
stimuli to increase ease of movement-promotion function

It uses resistance during the spiral and diagonal movement patterns with the goal of facil-
itating “irradiation” of impulses to other parts of the body associated with the primary
movement (through increased membrane potentials of surrounding alpha motoneurons,
rendering them more excitable to additional stimuli and thus affecting the weaker com-
ponents of a given part)

Mass-movement patterns keep Beevor’s axiom: Brain knows nothing of individual muscle
action but only movement

Bobath approach / neurodevelopmental technique (NDT) (Bobath, 1978)

The goal of NDT is to normalize tone, to inhibit primitive patterns of movement, and to facilitate
automatic, voluntary reactions and subsequent normal movement patterns.

Based on the concept that pathologic movement patterns (limb synergies and primitive
reflexes) must not be used for training because continuous use of the pathologic pathways
may make it too readily available to use at expense of the normal pathways

Probably the most commonly used approach

Suppress abnormal muscle patterns before normal patterns introduced

Mass synergies avoided, although they may strengthen weak, unresponsive muscles,
because these reinforce abnormally increased tonic reflexes, spasticity

Abnormal patterns modified at proximal key points of control (e.g., shoulder and pelvic girdle)
Opposite to Brunnstrom approach (which encourages the use of abnormal movements); see
the following

Brunstrom approach/Movement therapy (Brunnstrom, 1970)

Uses primitive synergistic patterns in training in attempting to improve motor control through
central facilitation

Based on concept that damaged CNS regressed to phylogenetically older patterns of
movements (limb synergies and primitive reflexes); thus, synergies, primitive reflexes, and
other abnormal movements are considered normal processes of recovery before normal
patterns of movements are attained

Patients are taught to use and voluntarily control the motor patterns available to them at
a particular point during their recovery process (e.g., limb synergies)

Enhances specific synergies through use of cutaneous/proprioceptive stimuli, central
facilitation using Twitchell’s recovery

Opposite to Bobath (which inhibits abnormal patterns of movement)

Sensorimotor approach/Rood approach (Noll, Bender, and Nelson, 1996)

Modification of muscle tone and voluntary motor activity using cutaneous sensorimotor
stimulation

Facilitatory or inhibitory inputs through the use of sensorimotor stimuli, including, quick
stretch, icing, fast brushing, slow stroking, tendon tapping, vibration, and joint compres-
sion to promote contraction of proximal muscles

Motor relearning program/Carr and Shepard approach (Carr et al., 1985)

Based on cognitive motor relearning theory and influenced by Bobath’s approach

Goal is for the patient to relearn how to move functionally and how to problem solve
during attempts at new tasks

Instead of emphasizing repetitive performance of a specific movement for improving skill,
it teaches general strategies for solving motor problems.

Emphasizes functional training of specific tasks, such as standing and walking, and carry-
over of those tasks
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Behavioral approaches (Noll, Bender, and Nelson, 1996) include:
¢ Kinesthetic or positional biofeedback and forced-use exercises
e Electromyographic biofeedback EMGBF: makes patient aware of muscle activity or lack of
it by using external representation (e.g., auditory or visual cues) of internal activity as a
way to assist in the modification of voluntary control
— In addition to trying to modify autonomic function, EMGBF also attempts to modify pain
and motor disturbances by using volitional control and auditory, visual, and sensory clues
— Electrodes placed over agonists/antagonists for facilitation/inhibition
— Accurate sensory information reaches brain through systems unaffected by brain — via
visual and auditory for proprioception

UPPER EXTREMITY MANAGEMENT (Black-Shaffer, Kirsteins, and Harvey, 1999)

e Shoulder pain: 70%—-84% of stroke patients with hemiplegia have shoulder pain with
varying degrees of severity

e Of the patients with shoulder pain, the majority (85%) will develop it during the spastic
phase of recovery

e [t is generally accepted that the most common causes of hemiplegic shoulder pain are the
shoulder-hand syndrome/reflex sympathetic dystrophy (RSD) and soft-tissue lesions
(including plexus lesions)

Complex Regional Pain Syndrome Type | (CRPS, Type I)/Reflex Sympathetic
Dystrophy (RSD)

e Disorder characterized by sympathetic-maintained pain and related sensory abnormali-
ties, abnormal blood flow, abnormalities in the motor system, and changes in both super-
ficial and deep structures with trophic changes

e Has been reported in 12% to 25% of hemiplegic stroke patients

* CRPS Type I = RSD
(CRPS type II = causalgia—pain limited to a peripheral nerve distribution)

® Most common subtype of RSD in stroke is shoulder-hand syndrome

Stages:

® Stage 1—acute: burning pain, diffuse swelling/edema, exquisite tenderness, vasomotor
changes in hand/fingers (with increased nail and hair growth, hyperthermia or
hypothermia, sweating). Lasts three to six months

* Stage 2—dystrophic: pain becomes more intense and spreads proximally, skin/muscle
atrophy, brawny edema, cold insensitivity, brittle nails/nail atrophy, decrease ROM,
mottled skin, early atrophy and osteopenia (late). Lasts three to six months

® Stage 3—atrophic: pain decreases, trophic changes, hand skin pale and cyanotic, with a
smooth, shiny appearance and feels cool and dry, bone demineralization progresses with
muscular weakness/atrophy, contractures/flexion deformities of shoulder/hand,
tapering digits, no vasomotor changes

Pathogenesis
e Multiple theories postulated including;:
— Abnormal adrenergic sensitivity develops in injured nociceptors, and circulating or
locally secreted sympathetic neurotransmitters trigger the painful afferent activity
— Cutaneous injury activates nociceptor fibers — central pain-signaling system — pain
Central sensitization of pain-signaling system
Low-threshold mechanoreceptor input develops capacity to evoke pain
— With time, efferent sympathetic fibers develop capacity to activate nociceptor fibers
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Diagnosis

e X rays—in initial stages, X rays normal; periarticular osteopenia may be seen in later
stages; use is questionable, given that bone mineral density starts to decrease in the para-
lytic arm one month after stroke
— Need 30%-50% demineralization for detection

® Bone Scan—30 stroke survivors < 3 months onset, evaluated for CRPS Type I using
triple phase bone scan (Kozin, 1981; Simon and Carlson, 1980; Habert, Eckelman, and
Neuman, 1996)

Sensitivity ~ 92%

Specificity ~ 56%

— Positive predictive value (PPV) ~ 58%

Negative predictive value (NPV) ~ 91% (Holder and Mackinnon, 1984)

Diffusely increased juxta-articular tracer activity on delayed images is the most sensi-

tive indicator for RSD (sensitivity 96%, specificity 97%, and PPV 88%)

* EMG—as predictor for RSD (Cheng and Hong, 1995)
— Association between spontaneous activity and eventual development of RSD (vs no
spontaneous activity on EMG)

® Clinical (Wang et al., 1998)

— Clinical diagnosis difficult, presentation fairly incomplete

— Most consistent early diagnostic signs: shoulder pain with ROM (flexion/abduc-
tion/external rotation), absence of pain in elbow and with forearm pronation/
supination; wrist dorsiflexion pain with dorsal edema; pain MCP/PIP flexion with
fusiform PIP edema

— Pain out of proportion to injury and clinical findings

— Shoulder/hand pain preceded by rapid ROM loss

— Tepperman et al. (1984) Greyson and Tepperman (1984)

— Studied 85 consecutive post-CVA hemiplegic patients

— 25% had radionuclide evidence for RSD: positive diagnosis was evident when delayed
image showed increased uptake in wrist, MCP and IP joints

— In this study, the most valuable clinical sign was MCP tenderness to compression with
100% predictive value, sensitivity 85%, and specificity 100%

¢ Stellate ganglion block
— Alleviation of pain following sympathetic blockade of the stellate ganglion using local
anesthetic: is the gold standard Dx of sympathetically mediated CRPS Type I

Treatment (Arlet and Mazieres, 1997)
* ROM exercises involved joint-pain free within three weeks, most < four to six days with
passive stretch of involved joints
e Corticosteroids (systemic): a large majority of patients respond to systemic steroids insti-
tuted in the acute phase of the disease. Usually prednisone in doses up to 100-200 mg/day
or 1 mg/kg, and tapered over two weeks
— More effective in RSD confirmed by bone scan than on “clinical” RSD with negative
bone scan. Bone scan may be useful not only in establishing the Dx of RSD, but also in
identifying patients likely to respond to oral steroid therapy. In a study, 90% of the
patients. with positive bone scan findings for RSD treated with corticosteroids had good
or excellent response, whereas 64% of the patients, without bone scan abnormalities had
poor or fair response.
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— In recent study, 31/34 MCA stroke patients with RSD became pain free by 14 days after
starting methylprednisolone 8 mg PO QID (patients treated for two weeks, followed by
two-week taper)

Intra-articular injections with corticosteroids

Analgesics (NSAIDs)

Tricyclic antidepressants

Diphosphonates

Calcitonin

Anticonvulsants (as Neurontin® or Tegretol®)

Alpha-adrenergic blockers (clonidine, prazosin)

Beta-blockers (propranolol and pindolol)

Calcium channel blockers (nifedipine)

Topical capsaicin

TENS

Contrast baths

Edema control measures

Desensitization techniques

Ultrasound (U/S)

Sympathetic ganglion blocks (i.e., stellate ganglion) may be diagnostic as well as thera-

peutic

Local injections (procaine, corticosteroid)

* Sympathectomy

Shoulder Subluxation
Characterized by the presence of a palpable gap between the acromion and the humeral head

Etiology is unknown, but may be due to changes in the mechanical integrity of the gleno-
humeral joint

Pathogenesis: factors that are thought to be related to shoulder subluxation include: angula-

tion of the glenoid fossa, the influence of the supraspinatus muscle on the humeral head

sitting, the support of the scapula on the rib cage, the contraction of the deltoid and rotator

cuff muscles on the abducted humerus

e A number of recent studies have failed to show any correlation between shoulder sublux-
ation and pain

® There might be a correlation with between-shoulder pain and decrease in arm external
rotation

® Basmajian Principle: Decreased trapezius tone—the scapula rotates and humeral head sub-
luxates from glenoid fossa

Treatment

Shoulder slings: use is controversial

Routine use of sling for the subluxed shoulder (or for shoulder pain) is not indicated

e [ Friedland—sling does not prevent/correct subluxation, not necessary to support pain-
free shoulder (Friedland, 1975)

e [ Hurd—no appreciable difference in shoulder ROM, subluxation, or shoulder pain in
patients wearing slings or not (Hurd et al., 1974)

Pros: May be used when patient ambulates to support extremity (may prevent upper extremity
trauma, which in turn may cause increase pain or predispose to development of RSD)
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Cons: May encourage contractures in shoulder adduction/internal rotation, elbow flexion
(flexor synergy pattern)

Other widely used treatments for shoulder subluxation:

¢ Functional Electrical Stimulation (FES)

e Armboard, arm trough, lapboard—used in poor upper-extremity recovery, primary
wheelchair users
— Arm board may overcorrect subluxation

e Overhead slings—prevents hand edema (may use foam wedge on armboard)

Prevention:

e Subluxation may be prevented by combining the early reactivation of shoulder muscula-
ture (specifically supraspinatus and post- and mid-deltoid) with the provision of FES or a
passive support of the soft-tissue structures of the glenohumeral joint (e.g., arm trough)

Brachial Plexus/Peripheral Nerve Injury
Etiology: “Traction” neuropathy

Diagnosis:

¢ (linical: atypical functional return, segmental muscle atrophy, finger extensor contracture,
delayed onset of spasticity

e Electrodiagnostic studies (EMG)—lower motor neuron findings

Treatment:

e Proper bed positioning to prevent patient from rolling onto his paretic arm, trapping it
behind his back or through the bed rails and place a traction stress on it.

ROM to prevent contracture while traction avoided

45-degree shoulder-abduction sling for nighttime positioning

Sling for ambulation to prevent traction by gravity

Armrest in wheelchair as needed

Prognosis—may require 8 to 12 months for reinnervation

Bicipital Tendinitis

e Chronic pain anterolateral shoulder, pain in abduction/external rotation, painful over
bicipital groove

e Positive Yergason test: with arm on side and elbow flexed, external rotation of the arm is
exerted by the examiner (while pulling downward on the elbow) as the patient resists the
movement. If the biceps tendon is unstable on the bicipital groove, it will pop-out and the
patient will experience pain

® Greatest excursion of long head biceps from flexion/internal rotation, to elevation/abduc-
tion, depression/external rotation/extension

® May progress to adhesive capsulitis (frozen shoulder)

Diagnosis may be confirmed with decreased pain after injection of tendon sheath with lido-
caine; bicipital tendinitis may respond to steroid injection of the tendon sheath.
Rotator Cuff Tear, Impingement Syndrome, Adhesive Capsullitis (frozen shoulder):

All are causes of poststroke shoulder pain—see Table 1.7; see Musculoskeletal chapter
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Heterotopic Ossification

Infrequent (in stroke), but may be seen in elbow, shoulder

Occurs only on extensor side of elbow

No problems in pronation/supination since proximal radioulnar joint not involved
Treatment: joint mobilization/ROM, etidronate disodium

Dependent Edema

May be treated with use of compression glove, foam wedge, pneumatic compression, retro-
grade massage, arm elevation

OTHER ASPECTS OF STROKE REHABILITATION

Spasticity Management

For a detailed discussion of spasticity, see the Spasticity chapter

Spasticity in stroke:

Usually seen days to weeks after ischemic strokes

Usually follows classic upper-extremity flexor and lower-extremity extensor patterns
Clinical features include velocity-dependent resistance to passive movement of affected
muscles at rest, and posturing in the patterns previously mentioned during ambulation
and with irritative/noxious stimuli

Treatment:

Noninvasive Tx: stretching program, splints/orthosis, serial casting, electrical stimulation,
local application of cold

Medications:

— The use of benzodiazepines, baclofen, dantrolene, and the alpha agonists clonidine and
tizanidine, in stroke patients, remains controversial

— These drugs have modest effects on the hypertonicity and posturing associated with
stroke and their side-effects limit their usefulness

Injection of chemical agents:

— Botulinum toxin: may be particularly useful in control of increased tone in smaller
muscles of the forearm and leg (e.g., brachioradialis, finger, wrist, and thumb flexors, in
the upper extremity, and long and short toe flexors, extensor hallucis injury (EHL), and
ankle invertors in the lower extremity)

— Phenol: may remain the agent of choice for injection of large muscle groups (e.g., hip
adductors and extensors, the pectorals, lats, and biceps)

Intrathecal baclofen: limited experience of its use in stroke patients; usefulness remains to
be determined in this population

Surgical procedures:

— Uncommonly used in stroke, probably because of expected decrease in survival and
increase in rate of medical co-morbidities

— May be useful in selected cases when specific goals are pursued (e.g., increase in func-
tion, improve hygiene, decrease in pain)
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Deep Vein Thrombosis (DVT)

Common medical complication after stroke; occurring in 20%-75% of untreated stroke sur-
vivors (60%—-75% in affected extremity, 25% proximal DVT; PE, 1%-2%)

Diagnosis: Usually can be made using noninvasive techniques:

Ultrasonography

Impedance plethysmography

Contrast venography reserved for cases with inconclusive results.

D-dimer assays (a cross-linked fibrin degradation product): may be useful as screening
tool for DVT in stroke patients

Prophylaxis:

Currently, recommended prophylaxis regimens include:

— Low dose subcutaneous (5Q) heparin/low molecular weight heparin

— Intermittent pneumatic compression (IPC) of the lower extremity (LE) (for patients with
a contraindication to heparin)

— Gradient compression stockings in combination with SQ heparin or IPC

Bladder Dysfunction

Incidence of urinary incontinence is 50%-70% during the first month after stroke and 15%
after 6 months (similar to general population—incidence = 17%.)

Incontinence may be caused by CNS damage itself, UTI, impaired ability to transfer to
toilet or impaired mobility, confusion, communication disorder/aphasia, and cognitive-
perceptual deficits that result in lack of awareness of bladder fullness

Types of voiding disorders: areflexia, uninhibited spastic bladder (with complete/incom-
plete emptying), outlet obstruction

Treatment: implementation of timed bladder-emptying program

— Treat possible underlying causes (e.g., UTI)

Regulation of fluid intake

Transfer and dressing-skill training

Patient and family education

— Medications (if no improvement with conservative measures)

Remove indwelling catheter—perform postvoid residuals, intermittent catheterization—
perform urodynamics evaluation

Bowel Dysfunction

Patient unable to inhibit urge to defecate — incontinence

Incidence of bowel incontinence in stroke patients 31%

Incontinence usually resolves within the first two weeks; persistence may reflect severe
brain damage

Decrease in bowel continence may be associated with infection resulting in diarrhea,
inability to transfer to toilet or to manage clothing, and communication impairment/
inability to express toileting needs

Tx: treat underlying causes (e.g., bowel infection, diarrhea), timed-toileting schedule,
training in toilet transfers and communication skills

Impairment of intestinal peristalsis—constipation

Management: adequate fluid intake/hydration, modify diet (e.g., increase in dietary fiber),
bowel management (stool softeners, stool stimulants, suppositories), allow
commode/bathroom privileges
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Dysphagia

Dysphagia (difficulty swallowing), in stroke, has an incidence of 30% to 45% (overall)
* 67% of brainstem strokes

28% of all left hemispheric strokes

21% of all right hemispheric strokes

More common in bilateral hemisphere lesions than in unilateral hemisphere lesions
More common in large-vessel than in small-vessel strokes

Predictors on bed-side swallowing exam of aspiration include:
Abnormal cough

Cough after swallow

Dysphonia

Dysarthria

Abnormal gag reflex

Voice change after swallow (wet voice) (Aronson, 1990)

SWALLOWING

Three phases:
1. Oral
2. Pharyngeal
3. Esophageal

TABLE 1-8 Oral Phase

Voluntary vs. reflex * Voluntary

Phase duration * Variable; voluntary phase with duration influenced by consistency of
material ingested, number of times person chews, etc.

Hallmarks of this e Preparation of bolus

phase ¢ Tongue elevates and occludes the anterior oral cavity and compresses

the bolus toward the oropharynx
¢ Contraction of the palatopharyngeal folds
e Elevation of the soft palate

Phase requires: e Intact lip closure
* Mobile tongue
¢ Functional muscles of mastication

Problems seen in * Drooling, pocketing, head tilt
this phase:




36 m STROKE

TABLE 1-9 Pharyngeal Phase

Voluntary vs. reflex

Reflex

Phase duration

Lasts ~ 0.6 to 1 sec

Hallmarks of
this phase

Bolus propelled from mouth to esophagus

Aspiration most likely to occur during this phase

With initiation of pharyngeal phase, inhibition of breathing occurs to
prevent aspiration.

Phase requires:

Tongue elevation

Soft palate elevation (also seen in the oral phase) and velopharyngeal
port closure—to close off the nasal cavity and prevent regurgitation into
the nasopharynx

Laryngeal elevation, with folding of epiglottis and vocal cord adduction
to prevent aspiration

Coordinated pharyngeal constriction and cricopharyngeal (upper
esophageal sphincter) relaxation—to facilitate bolus transport into the
esophagus

Problems seen in
this phase:

Food sticking, choking and coughing, aspiration, wet/gurgling voice,
nasal regurgitation

TABLE 1-10 Esophageal Phase

Voluntary vs. reflex

Reflex

Phase duration

Longest phase—lasts 6-10 sec

Hallmarks of
this phase

Bolus passed from pharynx — esophagus — stomach
Esophageal clearance is assisted by gravity but requires relaxation of the
gastroesophageal sphincter

Phase requires:

Cricopharyngeal muscle contraction
Coordinated peristalsis and LES relaxation

Problems seen
in this phase:

Heartburn, food sticking

Important Definitions

¢ [ Chin tuck—compensatory technique to provide airway protection by preventing entry
of liquid into the larynx (probably by facilitating forward motion of the larynx). Also, chin
tuck decreases the space between the base of the tongue and the posterior pharyngeal wall,
and so creates increased pharyngeal pressure to move the bolus through the pharyngeal

region

® [ Aspiration

— Aspiration, by definition, is the penetration of a substance into the laryngeal vestibule
and below the vocal folds (true vocal cords) into the trachea
— Aspiration is missed on bedside swallowing evaluations in 40% to 60% of patients (i.e.,

silent aspiration)

— It can be reliably diagnosed on videofluoroscopic swallowing study (penetration of con-
trast material below the true vocal cords)

— Using videofluoroscopic swallowing study, aspiration has been found to occur in 40%
to 70% of stroke patients.

— Predictors of aspiration on videofluoroscopic swallowing study include:
= Delayed initiation of the swallow reflex
= Decreased pharyngeal peristalsis
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e Aspiration pneumonia
Risk factors for development of pneumonia secondary to aspiration include:
Decreased level of consciousness
Tracheostomy
— Emesis
— Reflux
Nasogastric tube (NGT) feeding
— Dysphagia
— Prolonged pharyngeal transit time

As dysphagia is a frequent and potentially serious (because of aspiration) complication of
stroke, careful bedside swallowing evaluation should be performed in all patients before oral
feeding is started. If a patient is believed to be at high risk of recurrent aspiration after
bedside and/or videofluoroscopic evaluation, he/she should be kept NPO and enterally fed,
initially via NGT, and then via G-tube or J-tube if long-term enteral feeding is required.

e Non-oral feeding:

— Clear contraindication for oral feeding is pulmonary pathology due to aspiration in the
presence of documented airway contamination

— NPO also indicated in patients at high risk of aspiration because of reduced alertness,
reduced responsiveness to stimulation, absent swallow, absent protective cough, and
difficulty handling secretions, or when there is significant reduction of oral pharyngeal
and laryngeal movements

- NPO is disadvantageous in treating dysphagia because swallowing itself is the best
treatment

Treatment of dysphagia/prevention of aspiration:

e Changes in posture and head position

Elevation of the head of the bed

Feeding in the upright position

Chin tuck

Turning the head to the paretic side

Diet modifications (e.g., thickened fluids, pureed or soft foods in smaller boluses)

Inconclusive evidence of long-term efficacy in dysphagia:

e Thermal stimulation (to sensitize the swallowing reflex)

e Oral/motor exercises (to improve tongue and lip strength, ROM, velocity, and precision,
and vocal-fold adduction)

Other complications of dysphagia include dehydration and malnutrition:

e Malnutrition found in 49% of patients admitted to rehabilitation in recent study and was
associated with a prolonged length of stay and slower rate of functional gains

® Malnourished patients—higher stress reaction, frequency of infection and decubiti

Recovery of dysphagia in stroke:
Few studies available on recovery of dysphagia in stroke:
e Gresham (1990) reports his findings regarding 53 patients in a swallowing program post-
stroke
— 85% (45/53) on full oral nutrition at discharge
— 17% (9/53) could not drink thin liquids safely
— 8% (4/53) could not adequately maintain cohesive bolus of varied texture
¢ Gordon (1987)
— 41 of 91 (45%) stroke patients + dysphagia
— 90% hemispheric lesions (17% bilateral)
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— Swallowing function regained within 14 days in 86% (of patients who survived unilat-
eral stroke)
e [ Logemann (1991)
— Recovery of swallowing function in most brainstem strokes occurs in the first three
weeks poststroke

Nasal speech: hypernasality caused by partial or complete failure of soft palate to close-off
the nasal cavity from the oral cavity or by incomplete closure of the hard palate. Uplifting the
soft palate prevents nasal speech (speech abnormally resonated in the nasal cavities).

APHASIA

e Aphasia is an impairment of the ability to utilize language due to brain damage.
Characterized by paraphasias, word-finding difficulties, and impaired comprehension.
Also common, but not obligatory, features are disturbances in reading and writing, non-
verbal constructional and problem-solving difficulty and impairment of gesture

TABLE 1-11 Aphasias

Fluent Nonfluent
+ COMPREHENSION | — COMPREHENSION | + COMPREHENSION | - COMPREHENSION
REPETITION REPETITION REPETITION REPETITION
. 1 R I
+ - + - + - + -
conduction | Transcortical | Wernicke’s | Transcortical | Broca’s | Mixed Global
NAMING sensory motor transcortical
+ —_—
= o]
g | 2
2| B
=N )
Fluent Non-fluent
Wernicke’s Broca’s
Transcortical sensory Transcortical motor
Conduction Global
Anomia Mixed transcortical
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ANATOMIC LOCATION OF MAJOR SPEECH AREAS

Precentral gyrus

Central sulcus

Broca’s area

!’ Postcentral
(4 gyrus
g =
__//_/‘ | Wernicke's
area
1

Lateral (sylvian)

fissure Superior temporal gyrus

Location: posterior part of superior (first) temporal gyrus
of the dominant (usually left) hemisphere
Characteristics:
= « Fluent ' speech (normal rate/speed)
« Impaired comprehension
» Word deafness, difficulty in reading
(alexia) and writing (agraphia)
« Marked paraphasias & neologisms

Wernicke’s aphasia

Location: posterior-inferior frontal iobe (third frontal
convolution) of dominant (usually left) hemisphere — anterior
to motor cortex areas that supply the tongue, lips and larynx
Characteristics:

« Nonfluent speech (telegraphic)

« Impaired repetition

. Preserved comprehension
Broca's aphasia (remember « Paraphasias & articulatory errors or struggle

“broken” speech)
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Global aphasia

Anomic aphasia

Conduction aphasia

Transcortical motor aphasia

Transcortical sensory aphasia

Location: vary in size and location but usually involve
distribution of the teft MCA (entire perisylvian region)
Characteristics:

* Ranges from mutism (non-fluent) to total repetitive
jargon or neologistic output (fluent but
incomprehensible speech)

* Poor comprehension and repetition

Location: temporo-parietal injury, angular gyrus
Characteristics:
* Fluent, essentially good comprehension and
repetition
* Decreased output of nouns
* Word-finding difficulties
* Alexia and agraphia may be present

Location: lesion of the parietal operculum (arcuate
fasciculus) or insula or deep to the supramarginal gyrus
(usually left side)
Characteristics:

* Normal rate of speech (fluent)

* Preserved comprehension

* Impaired repetition

* Literal paraphasias with “targeting” of words

(until getting the right one)

Note: arcuate fasciculus is a band of white matter running deep to the
supramarginal gyrus and insula that joins Broca's and Wernicke’s areas

Location: frontal lobe, anterior or superior to Broca’s area or in
the subcortical region deep to Broca's area
Characteristics:
*Reduced rate of speech, limited language
output (with some fluent utterances)
*Reduced initiation & organization of speech
good comprehension
*Preserved repetition

Location: watershed lesion isolating perisylvian speech
structures (Broca’'s and Wernicke’s areas) from the posterior
brain; angular gyrus or posterio-inferior temporal lobe
Characteristics:

*Poor comprehension

*Fluent speech (neologisms)

*Preserved repetition (possibly echolalia)
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Transcortical mixed aphasia: Lesions in border zone of frontal, parietal, and temporal
areas

Characteristics:

* Poor comprehension

* Nonfluent (decrease rate and initiation of speech)

e Preserved repetition (echolalia)

Note: Language areas are anatomically clustered around the sylvian fissure of the domi-
nant hemisphere—left hemisphere in 95% of people.

Paraphasias: Incorrect substitutions of words or part of words

e Literal or phonemic paraphasias: similar sounds (e.g., “sound” for “found”)
e Verbal or semantic paraphasias: word substituted for another from same semantic class
(e.g., “fork” for “spoon”)

Recovery Language Deficits/Aphasia Post Stroke:

The greatest amount of improvement in patients with aphasia occurs in the first two to three
months after the onset; after six months, there is a significant drop in the rate of recovery.

In the majority of cases of patients with aphasia spontaneous recovery does not seem to
occur after a year. However, there are reports of improvements many years after their stroke
in patients undergoing therapy.

MEDICAL MANAGEMENT PROBLEMS
Poststroke Depression

e Etiology:

— Organic: May be related to catecholamine depletion through lesion-induced damage to
the frontal nonadrenergic, dopaminergic and serotonergic projections (Heilman and
Valenstein, 1993)

— Reactive: Grief/psychological responses for physical and personal losses associated
with stroke, loss of control that often accompany severe disability, etc.

e Prevalence of depression in stroke patients reported = 40% (25% to 79%); occur in similar

proportion in their caregivers. (Flick, 1999)

® Most prevalent six months to two years

® A psychiatric evaluation for DSM-IV criteria and vegetative signs may be a clinically
useful diagnostic tool in stroke patients

® There may be higher risk for major depression in left frontal lesions (relationship still con-
troversial)

e Risk factors: prior psychiatric Hx, significant impairment in ADLs, high severity of

deficits, female gender, nonfluent aphasia, cognitive impairment, and lack of social sup-

ports

Persistent depression correlates with delayed recovery and poorer outcome

Treatment: Active Tx should be considered for all patients with significant clinical depression

Psychosocial interventional program: psychotherapy

Medications: SSRIs preferred because of fewer side effects (compared to TCAs);

methylphenidate has also been shown to be effective in poststroke depression

e SSRIs and TCAs also been shown to be effective in poststroke emotional lability
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Sexual Dysfunction

Well documented that the majority of elderly people continue to enjoy active and satis-
fying sexual relationships

No significant changes in sexual interest or desire, but marked decline in behavior in both
sexes (after stroke)

There is a marked decline in sexual activity poststroke

Fugl-Meyer (1980)—67 patients sexually active prestroke (Fugl-Meyer and Jaaski, 1980)

— 36% remained active poststroke

— 33% men resumed unaltered intercourse

— 43% women resumed unaltered intercourse

— Decreased frequency due to altered sensation, custodial attitudes taken by spouse

Other factors related to decrease in sexual activity poststroke:
Emotional factors—fear, anxiety and guilt; low self esteem; and fear of rejection by partner
Treatment: supportive psychotherapy, counseling.

Seizures

Can be classified as occurring;:
— At stroke onset

— Early after stroke (1-2 weeks)
— Late after stroke (> 2 weeks)

In prospective study after first time stroke, 27 of 1099 (2.5%) of patients had seizures
within 48 hours postictus.

Seizures associated with older age, confusion, and large parietal or temporal hemorrhages
Majority of seizures were generalized tonic-clonic

In-hospital mortality higher in patients with seizures

Early seizures tend not to recur; these are associated with acute metabolic derangement
associated with ischemia or hemorrhage.

Stroke patients requiring inpatient rehabilitation have higher probability of developing
seizures than the general stroke population

Seizures occurring > 2 weeks after stroke have higher probability of recurrence

In study with 77 ischemic stroke victims followed two to four years

— 6%-9% develop seizures

- 6/23 (26%) patients with cortical lesions develop seizures

— 1/54 (2%) patients with subcortical lesions develop seizures

Risk Factors: Cortical lesions, persistent paresis (6/12 = 50%)

Treatment: choice of anticonvulsant drugs for patients with cerebral injury discussed in the
TBI chapter.

FACTORS THAT PREDICT MORTALITY AND FUNCTIONAL RECOVERY
IN STROKE PATIENTS

Mortality Factors

Mortality of ischemic strokes in the first 30 days ranges from 17%-34%
Hemorrhagic strokes are more likely to present as severe strokes and with mortality rate
reported to be up to 48%
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e Mortality in the first year after stroke 25% to 40%
e The risk of another stroke within the first year 12% to 25%

RISK FACTORS FOR ACUTE STROKE MORTALITY —
30 DAY MORTALITY

Stroke severity

Low level of consciousness
Diabetes mellitus

Cardiac disease
Electrocardiograph abnormalities
Old age

Delay in medical care

Elevated blood sugar in non-diabetic
Brainstem involvement
Hemorrhagic stroke

Admission from nursing home

Functional Recovery and Disability Factors

® As stroke mortality has declined in the last few decades, the number of stroke survivors
with impairments and disabilities has increased

There are 300,000 to 400,000 stroke survivors annually

78% to 85% of stroke patients regain ability to walk (with or without assistive device)
48% to 58% regain independence with their self-care skills

10% to 29% are admitted to nursing homes

RISK FACTORS FOR DISABILITY AFTER STROKE

Severe stroke (minimal motor recovery at 4 weeks)
Low level of consciousness
Diabetes mellitus

Cardiac disease
Electrocardiograph abnormalities
Old age

Delay in medical care

Delay in rehabilitation

Bilateral lesions

Previous stroke

Previous functional disability
Poor sitting balance

Global aphasia

Severe neglect

Sensory and visual deficits
Impaired cognition

Incontinence (>1-2 weeks)
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Negative Factors of Return to Work (Black-Shaffer and Osberg, 1990)
® Low score on Barthel Index at time of rehabilitation discharge

e Prolonged rehabilitation length of stay

* Aphasia

¢ Prior alcohol abuse

(Barthel Index is a functional assessment tool that measures independence in ADLs on 0-100
scale)
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TRAUMATIC BRAIN INJURY

Elie Elovic, M.D., Edgardo Baerga, M.D., and Sara Cuccurullo, M.D.

]
INTRODUCTION

EPIDEMIOLOGY

Trauma is the leading cause of death in ages 1-44 and more than half of these deaths are

due to head trauma. Traumatic brain injury (TBI) is arguably the primary cause of neuro-

logic mortality and morbidity in the United States

About 500,000 per year traumatic brain injuries (requiring hospitalization) in the United

States

National Health Interview Survey (1985) provided the only national estimate of incidence

of nonfatal TBI (hospitalized and non-hospitalized cases) for 1985-1987:

1.975 million head injuries per year

Estimate probably includes head injuries in which no brain injury occurred

Fife (1987) concluded that only 16% of these injuries resulted in admission to a hospital

— As aresult of TBI Act, CDC is now sponsoring State Registries

Overall incidence of traumatic brain injury 200 per 100,000 (150,000-235,000) per year (TBI

cases requiring hospitalization)

— Incidence is higher in males than in females (148-270 per 100,000 vs. 70-116 per 100,000)

There is some evidence that TBI incidence is decreasing in the United States, comparing

numbers from the 1970s and 1980s with more recent data (1990s) (Sosin, 1991)

Peak ages 15-18 to 25 years

— Age distribution is bimodal, with second peak in the elderly (ages 65-75); this group has
a higher mortality rate

Male to female ratio = 2.5:1

— Mortality in males is 3—4 times higher than in females

Motor vehicle accident (MVA) is the most common cause (overall) of head injury in ado-

lescents and adults (~ 50% of cases)

The single most common cause of death and injury in automobile accidents is ejection
of the occupant from the vehicle. (Spitz, 1991)

Violence/assault is the second most common cause of TBI in young adults

ETOH use clearly related to TBI

— Alcohol detected in blood in up to 86% of TBI patients

— ETOH blood levels 0.10% or higher in 51% to 72% of patients at the time of the injury
(Gordon, Mann, a nd Wilier, 1993)

TBI Model Systems Program from 1989 to 1998

Data collected from the 17 model system centers in the United States between March 1989
and Sept 1998, on 1,086 TBI cases: (U.S. Dept. of Ed., 1999)

58% MVA-related injuries
26% violence-related injuries
53% positive blood alcohol level at injury

47
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Mortality in TBI

There has been a change in trends from 1980s to 1990s in TBI mortality with success in

decreasing deaths secondary to MVA, but failure to prevent injuries (and deaths) due to

firearms/violence

Study in TBI deaths from 1979 to 1992 (Sosin, Snizek, and Waxweiler, 1995)

— Average 52,000 deaths per year in the United States secondary to TBI

— There was a decline in overall TBI-related deaths of 22% from 1979 to 1992 (reasons not
known, but may include more vehicles with air bags, increase in use of seat belts and
other improvements in vehicle safety features, roadway safety improvements, etc.)

— 25% decline in MVA-related deaths

— 13% increase in firearm-related deaths
— Firearms surpassed MVA as the largest single cause of death in TBI in 1990

Mortality rate TBI : 14-30 per 100,000 per year

Gunshot wound (GSW) to head—mortality risk 75%-80%

The majority of GSW-related TBI are self-inflicted

Geriatrics

The risk of TBI increases sharply after age 65

TBI among the elderly are more frequently due to falls

Severity of TBI among the elderly tends to be higher than that observed in other age
groups; mortality is also higher in the elderly compared to other groups

Predominant sex: none; male = female (grossly) (1.2 : 1 ratio)

(National Institute on Disability and Rehabilitation Research, Traumatic Brain Injury
Model Systems Program, 1999)

Pediatrics

As mentioned above, TBI is the leading cause of death in children > 1 year of age
10 in every 100,000 children die each year secondary to head injuries

Annual incidence of TBI in children—185 per 100,000

Causes:

— Transportation related (39%)

Falls (28%)

Sports and recreational activities (17%)

Assault (7%)

[
MECHANISM AND RECOVERY OF HEAD INJURY

MECHANISMS OF INJURY

Primary
Occurs at the moment of the impact and as a direct result of trauma

A. Contusions and lacerations of the brain surfaces—(Figure 2-1)
B. Diffuse axonal injury (DAI)—(Figure 2-2)

C. Diffuse vascular injury /multiple petechial hemorrhages

D. Cranial nerve injury
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Secondary
Damage that occurs after the initial trauma and as a result of the injuring event. Most sec-
ondary injury occurs during the first 12 to 24 hours after trauma, but may occur up to 5 to 10
days postinjury in very severe brain injury. Because of the delayed presentation, secondary
injury may be preventable.

Intracranial infection
Hydrocephalus

OMEY NWp

excitotoxicity

Intracranial hemorrhage (epidural, subdural, subarachnoid and intracerebral hematoma)
Brain swelling/brain edema (see below)

Elevated Intracranial Pressure (ICP)

~ TICP = | perfusion = ischemic brain damage

Brain damage secondary to hypoxia

T release of excitatory neurotransmitters secondary to diffuse axonal injury (DAI) =

— This will increase the activity of certain brain areas and overall metabolic demand in

the already injured brain

H. Production of free-radical molecules

Other secondary causes of brain injury include:

Hypotension
Electrolyte imbalances
Anemia
Hyperthermia
Hyperglycemia
Hypercarbia
Hypoglycemia

Primary Head Injury

Contusion—bruising of cerebral
(cortical) tissue

Occurs on the undersurface of the
frontal lobe (inferior frontal or
orbitofrontal area) and anterior
temporal lobe, regardless of the
site of impact (Figure 2-1)

May produce focal, cognitive, and
sensory-motor deficits

Is not directly responsible for loss
of consciousness following trauma
May occur from relatively low
velocity impact, such as blows
and falls

Diffuse axonal injury (DAI):

DALl is seen exclusively in TBI
Damage seen most often in the
corpus callosum and other midline
structures involving the parasag-
ittal white matter, the interventric-
ular septum, the walls of the third
ventricle and the brain stem (mid-
brain and pons) (Figure 2-2)

Hyperemia
Hyponatremia
Infection

Carotid dissection
Epilepsy/seizures
Vasospasm/ischemia

Inferior frontal
lobe (orbitofrontal)

Anterior
temporal lobe

FIGURE 2-1. Location of Contusions

Corpus
callosum

Central
white matter

Midbrain

FIGURE 2-2. Locations of Diffuse Axonal Injury
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® Responsible for the initial loss of consciousness seen in acute TBI

e Results from acceleration-deceleration and rotational forces associated with high-velocity
impact (MVAs)

® The axonal injury seen in severe TBI is thought to be secondary to damage to the axo-
plasmic transport in axons (with T Ca** influx) leading to axonal swelling and detachment

Secondary Head Injury

Brain Swelling

e Occurs after acute head injury within 24 hours.

e Identified in CT as collapse of ventricular system and loss of cerebral spinal fluid (CSF) cisterns
around the midbrain

e [s due to an increase in cerebral blood volume (intravascular blood)

Brain Edema
e Occurs later after head injury (in comparison to brain swelling)
e Is due to an increase in brain volume secondary to T brain water content = extravascular fluid
e Two types:
1. Vasogenic edema:
— Due to outpouring of protein rich fluid through damaged vessels
— Extracellular edema
— Related to cerebral contusion
2. Cytogenic edema:
— Found in relation to hypoxic and ischemic brain damage
— Due to failing of the cells’ energy supply system = T cell-wall pumping system =
intracellular edema in the dying cells

PENETRATING HEAD INJURIES
Missile/Fragments

e Deficits are focal corresponding to location of lesions caused by bullet/fragment

e If the brain is penetrated at the lower levels of the brain stem, death is instantaneous from
respiratory and cardiac arrest. 80% of patients with through-and-through injuries die at
once or within a few minutes

¢ The mortality rate of patients who are initially comatose from gunshot wounds to head is
88%; this is more than twice the mortality from closed-head injury (CHI)

e Focal or focal and generalized seizures occur in the early phase of the injury in 15% to 20%
of cases. Risk of long-term posttraumatic epilepsy is higher in penetrating head injuries
compared to nonpenetrating injuries

RECOVERY MECHANISMS
Plasticity

® Brain plasticity is when the damaged brain has the capabilities to repair itself by means of
morphologic and physiologic responses

e Plasticity is influenced by the environment, complexity of stimulation, repetition of tasks,
and motivation

It occurs via 2 mechanisms:
1) Neuronal regeneration/neuronal (collateral) sprouting
2) Unmasking neural reorganization
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Neuronal Regeneration

Intact axons establish synaptic connections through dendritic and axonal sprouting in areas
where damage has occurred

e May enhance recovery of function, may contribute to unwanted symptoms, or may be
neutral (with no increase or decrease of function)
e Thought to occur weeks to months post-injury

Functional Reorganization/Unmasking

Healthy neural structures not formerly used for a given purpose are developed (or reas-
signed) to do functions formerly subserved by the lesioned area.

Brain plasticity—remember “PUN"
Plasticity = Unmasking + Neuronal sprouting

OTHER RELATED PHENOMENA ASSOCIATED WITH HEAD INJURY RECOVERY
Synaptic Alterations
Includes diaschisis and increased sensitivity to neurotransmitter levels

Diaschisis: Mechanism to explain
spontaneous return of function
(Figure 2-3)

1. Lesions/damage to one central
nervous system (CNS) region can
produce altered function in other
areas of the brain (at a distance
from the original site of injury)
that were not severed if there is
connection between the two sites
(through fiber tracts). Function is

lost in both injured and in mor- gy 2_3 Example of Diaschisis: Injury to site
phologically intact brain tissue. A will produce inhibition on function at site B, which

2. There is some initial loss of func-  \ag not severed by the initial injury and is distant from
tion secondary to depression of  the original site of injury (site A). Recovery of functions
areas of the brain connected to  controlled by site B will parallel recovery of site A
the primary injury site, and reso-
lution of this functional deaffere-
nation parallels recovery of the
focal lesion (Feeney, 1991).

Injury (Site A)
Altered function also occurs here (Site B)

Functional Substitution/Behavioral Substitution

Techniques/new strategies learned to compensate for deficits and achieve a particular task

Other Theories of Recovery Include

* Redundancy: Recovery of function based on activity of uninjured brain areas (latent areas)
that normally would contribute to that function (and are capable of subserving that function)

¢ Vicariation: Functions taken over by brain areas not originally managing that function.
These areas alter their properties in order to subserve that function.
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]
DISORDERS OF CONSCIOUSNESS

LOCATION OF CONTROL OF CONSCIOUSNESS

Consciousness

Consciousness is a function of ascending reticular activating system (RAS) and the cerebral
cortex

RAS is composed of cell bodies in the central reticular core of the upper brain stem

(mainly midbrain) and their projections to widespread areas of the cerebral cortex via both
the thalamic and the extrathalamic pathways.

Lesions that interrupt the metabolic or structural integrity of the RAS or enough of the

cortical neurons receiving RAS projections can cause coma.

DISORDERS OF CONSCIOUSNESS

Coma

It is a state of unconsciousness from which the patient cannot be aroused; there is no evi-
dence of self- or environmental-awareness

Coma is essentially universal in severe TBI

Up to 50% of patients in coma > 6 hours die without ever regaining consciousness.
Survivors who remain unresponsive for > 2—4 weeks evolve into vegetative state

Eyes remain continuously closed

No sleep-wake cycles on electroencephalogram (EEG)

There is no spontaneous purposeful movement (e.g., patient will not scratch himself, will
not grab bedrail); there is inability to discretely localize noxious stimuli

No evidence of language comprehension or expression

It is believed that transition from coma to vegetative state signals the return of brain stem
arousal mechanisms and that persistent unconsciousness reflects damage to the thalamus
and/or global cortical and subcortical damage

Vegetative State (VS)

Definition: Loss of capacity to interact with the environment despite the preserved

potential for spontaneous or stimulus-induced arousal (due to absence of cortical

activity)

Characteristics:

— Patient opens eyes (either spontaneously or with noxious stimuli)

— VS is characterized by the presence of intermittent wakefulness evidenced by sleep-
wake cycles (these may be demonstrated on EEG)

— In VS there is no perceivable evidence of purposeful behavior

— There is no evidence of intelligible verbal or gestural communication

— This condition may persist for years following TBI, but this is very rare

— Coma and VS are characterized by the absence of function in the cerebral cortex as
judged behaviorally

The term persistent vegetative state (redefined by The Multi-Society Task Force on PVS,

1994) is used for vegetative state that is present > one month after a traumatic or nontrau-

matic brain injury
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The Task Force also introduced the term permanent vegetative state to denote irreversibility
after 3 months following nontraumatic brain injury and 12 months following traumatic brain
injury (Howsepian, 1996).

Persistent VS VS present > 1 month after TBI or Nontraumatic brain injury
Permanent VS VS present > 3 months after Nontraumatic brain injury

or

VS present > 12 months after TBI, in both children and adults

American Congress of Rehabilitation Medicine (1995)—advocates to simply use the term

vegetative state (VS) followed by the length of time it persists instead of the terms persis-

tent and permanent. The Aspen Neurobehavioral Conference (1996), supported the ACRM

recommendations to use the term VS + specify cause of injury + specify length of time

since onset.

Neuropathology of VS =

— Related to diffuse cortical injury

— Bilateral thalamic lesions are prominent findings in VS

Transition to VS, when preceded by coma, is signaled by re-emergence of eye opening and

spontaneous control of autonomic functions.

— Vegetative or autonomic functions include respiration, cardiovascular, thermoregula-
tory and neuroendocrine functions

Visual tracking is considered a signal of transition out of VS

Minimally Conscious State (MCS)

Severely altered consciousness with minimal but definite behavioral evidence of self- or

environmental-awareness.

Patients in MCS demonstrate inconsistent but definite reproducible behavioral evidence of

self-awareness or awareness of the environment

There is evidence that the following behaviors are reproducible (or sustained), but incon-

sistent:

— Simple command following

— Object manipulation

— Intelligible verbalization

— Gestural or verbal yes/no responses

Patient may also show:

— Visual fixation

— Smooth pursuit tracking

— Emotional or motor behaviors that are contingent upon the presence of specific eliciting
stimuli [e.g., patient will cry or get agitated (and behavior is reproducible) only after
hearing voices of family members but not with voices of hospital staff]

Emergence from MCS is signaled by:

— Consistent command following

— Functional object use

— Reliable use of a communication system

Prognosis is better for MCS than for VS

Treatment

There is no evidence to support that any kind of therapy-based program (e.g., coma
stimulation/sensory-stimulation program) will induce or accelerate the cessation of
coma or VS
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Nevertheless, an organized treatment approach to low-functioning patients permits a
quantifiable assessment of responses to stimulation and early recognition of changes or
improvements in response to therapeutic interventions or through spontaneous recovery

Management/Therapy Program for Patients with Disorders of Consciousness

Neuromedical stabilization
Preventive therapeutic interventions may be implemented:
Manage bowel and bladder (B/B) function
Maintain nutrition
— Maintain skin integrity
Control spasticity
— Prevent contractures
Pharmacologic treatment/intervention
A. Elimination of unnecessary medicines (e.g., histamine-2 blockers, metoclopramide,
pain meds, etc.) and selection of agents with fewest adverse effects on cognitive and
neurologic recovery
B. Addition of agents to enhance specific cognitive and physical functions
— In patients emerging out of coma or VS, the recovery process may be (theoretically)
hastened through the use of pharmacotherapy
— Agents frequently used include:
= Methylphenidate
= Dextroamphetamine
= Dopamine agonists (levocarbidopa and carbidopa)
= Amantadine
= Bromocriptine
= Antidepressants—tricyclic antidepressants (TCA’s) & selective serotonin reuptake
inhibitors (SSRIs)
— The efficacy of pharmacologic therapy to enhance cognitive function has not been
proven
Sensory stimulation—widely used despite little evidence of efficacy as previously mentioned.
— Sensory stimulation should include all five senses, addressed one at a time, in specific
therapy sessions and/or in the environmental state and developed in the room
— Avoid overstimulation (educate family)
— Patient may have adverse responses due to overstimulation, as T confusion or agitation,
T reflex responses or avoidance reactions, which may interfere with performance

||
POSTURING SECONDARY TO HEAD INJURY

DECEREBRATE POSTURING

This postural pattern was first described by Sherrington, who produced it in cats and
monkeys by transecting the brain stem

There is extension of the upper and lower extremities (hallmark: elbows extended)
(Figure 2-4 A)
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® Seen with midbrain lesions/compression; also with cerebellar and posteria fossa lesions
e In its fully developed form it consists of opisthotonus, clenched jaws, and stiff, extended
limbs with internal rotation of arms and ankle plantar flexion (Feldman, 1971)

DECORTICATE POSTURING

e Posturing due to lesions at a higher level (than in decerebrate posture)—seen in cerebral
hemisphere/white matter, internal capsule and thalamic lesions
e Flexion of the upper limbs (elbows bent) and extension of the lower limbs (Figure 2—4 B)

Hint:
Remember, deCORticate — “COR” = heart = v
= Patient brings hands close to his heart by flexing the elbows

® Arms are in flexion and adduction and leg(s) extended

FIGURE 2-4. A Decerebrate Posture: There is extension of the upper and lower extremities.
B Decorticate Posture: There is flexion of the upper extremities and extension of the lower limbs.

[]
PREDICTORS OF OUTCOME AFTER TBI

WIDELY USED INDICATORS OF SEVERITY IN ACUTE TBI

® The best Glasgow Coma Scale (GCS) score within 24 hours of injury
® Length of coma
e Duration of posttraumatic amnesia (PTA)
— Note: The initial GCS and the worst GCS (within the first 24 hours) have also been pro-
posed as acute indicators of severity in TBI
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Glasgow Coma Scale

TABLE 2-1 Glasgow Coma Scale: (Teasdate and Jennett, 1974)
Best Motor Response Best Verbal Response Eye Opening
Score 6 5 4

1 None None None

2 Decerebrate posturing Mutters unintelligible Opens eyes to pain
(extension) to pain sounds

3 Decorticate posturing Says inappropriate Opens eyes to loud
(flexion) to pain words voice (verbal commands)

4 Withdraws limb from Able to converse— Opens eyes
painful stimulus confused spontaneously

5 Localizes pain/pushes Able to converse—alert
away noxious stimulus and oriented
(examiner)

6 Obeys verbal commands

Total GCS score is obtained from adding the scores of all three categories.
Highest score = 15

Lowest score = 3

With GCS score < 8: patient is said to be comatose

e The lower the score, the deeper the coma

The GCS is a simple scoring for assessing the depth of coma
e Highest GCS score within the first few hours after the injury preferred as this reduces the
likelihood of using excessively low, very early scores (often before cardiopulmonary resus-
citation (CPR)) and of confounding factors such as decreased arousal due to use of seda-
tives or paralytic agents
e Severity of injury:
GCS score of 3 to 8 = severe injury
9 to 12 = moderate injury
13 to 15 = mild injury

o Of the three items in GCS, best motor response is the best acute predictor of outcome
Jennet (1979): Relationship between best GCS score (within the first 24 hours) and outcome:
— GCS scores of 34 resulted in death or VS in 87% of patients
Scores 5-7 = death or VS in 53% and moderate or good recovery in 34%
Scores 8-10 = moderate or good recovery in 68%
— Score of 11 = moderate or good recovery in 87%
* Glasgow-Liege scale: Born (1985) proposed the addition of the brain stem reflex scale to
the Glasgow Coma Scale—Glasgow-Liege Scale
The Glasgow-Liege Scale has been tested for reliability and prognostic power and has
been shown to amplify the information provided by the standard GCS in comatose patients
Brain stem reflexes included in this scale:
¢ Fronto-orbicular reflex (orbicularis oculi): Orbicularis oculi contraction on percussion of
the glabella
e Vertical oculocephalic and horizontal oculocephalic or oculovestibular reflex: “Doll’s
eye” maneuver (horizontal—moving head forward from side to side; vertical—moving
head up and down)
e The pupillary light reflex
® The oculocardiac reflex: Bradycardia induced by increasing pressure on the eyeball
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Duration of Posttraumatic Amnesia (PTA)

* PTA is one of the most commonly used predictors of outcome

e PTA is the interval of permanently lost memory that occurs following the injury

o Resolution of PTA clinically corresponds to the period when incorporation of ongoing
daily events occurs in the working memory

¢ Duration of PTA has a proportional relationship to coma duration. Katz and Alexander
(1994)—PTA correlates with Glasgow Outcome Scale (GOS) score at 6 and 12 months—
predictor of outcome

¢ PTA correlates strongly with length of coma (and with GOS—see below) in patients with
DAI but poorly in patients with primarily focal brain injuries (contusions)

o Galveston Orientation and Amnesia Test (GOAT)—developed by Harvey Levin and
colleagues, is a standard technique for assessing PTA. It is a brief, structured interview that
quantifies the patient’s orientation and recall of recent events
— The GOAT includes assessment of orientation to person, place, and time, recall of the cir-

cumstances of the hospitalization, and the last preinjury and first postinjury memories
— The GOAT score can range from 0 to 100, with a score of 75 or better defined as normal
— The end of PTA can be defined as the date when the patient scores 75 or higher in the
GOAT for two consecutive days. The period of PTA is defined as the number of days
beginning at the end of the coma to the time the patient attains the first of two succes-
sive GOAT scores > 75 (Ellenberg, 1996)

e Categories of PTA: Duration of PTA is often used to categorize severity of injury according

to the following criteria:

TABLE 2-2. Posttraumatic Amnesia

Duration of PTA

Severity of Injury Category

Less than 5 minutes Very mild
5-60 minutes Mild

1-24 hours Moderate
1-7 days Severe

1-4 weeks Very severe

Greater than 4 weeks

Extremely severe

TABLE 2-3. Classification of Posttraumatic Amnesia

Length of PTA

Likely Outcome

1 day or less

Expect quick and full recovery with appropriate management (a few may
show persisting disability)

More than 1 day,
less than 1 week

Recovery period more prolonged—now a matter of weeks or months.
Full recovery possible, for most of these cases, with good management.

1-2 weeks Recovery a matter of many months. Many patients are left with residual
problems even after the recovery process has ended, but one can be reason-
ably optimistic about functional recovery with good management.

2-4 weeks Process of recovery is very prolonged—1 year or longer is not unusual.

Permanent deficits are likely. There must be increasing pessimism about
functional recovery when PTA reaches these lengths.

More than 4 weeks

Permanent deficits, indeed significant disability, now certain. It is not just a
matter of recovery but of long-term retraining and management.

From Brooks DN and McKinlay WW, Evidence and Quantification in Head Injury: Seminar notes. Unpublished
material, 1989, with permission.
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Duration of Coma

Katz and Alexander (1994): defined as the date when the patient shows the first unequiv-
ocal sign of responsiveness. In this study, the sign of responsiveness used was evidence of
the patient following commands

Other Indicators of Outcome after TBI Include:

Age

— Children and young adults tend to have a generally more positive prognosis than older
adults. However, young children (< 5 yrs) and older adults (> 65 yrs) have greater mor-
tality

- Katz and Alexander (1994): Age > 40 correlates with worse functional outcome when
compared with patients < 40

Rate of early recovery reflected in serial disability rating scales (DRS): found to be predic-

tive of final outcome

Pupillary reaction to light:

— 50% of patients with reactive pupils after TBI achieve moderate disability to good
recovery (in DRS scale) vs 4% with nonreactive pupils

Time

— Most recovery usually occurs within the first 6 months postinjury

Postcoma use of phenytoin:

— Long-term use of phenytoin has been reported to have adverse cognitive effects (neu-
robehavioral effects in severe TBI patients compared to placebo group)

HEAD INJURY PREDICTOR SCALES AND TESTING

Prognosis in Severe Head Injury

TABLE 2-4
Predicative Indicator Poorer Better
Glasgow Coma Scale score <7 >7
CT scan Large blood clot; massive Normal
bihemispheric swelling
Age Old age Youth
Pupillary light reflex Pupils remain dilated Pupil contracts
Doll’s eye sign Impaired Intact
Caloric testing with ice water Eyes do not deviate Eyes deviate to irrigated side
Motor response to noxious Decerebrate rigidity Localizes defensive gestures
stimuli
Somatosensory evoked potentials Deficient Normal
Posttraumatic amnesia length > 2 wks <2 wks

(Reprinted with permission from Braddom, RL. Physical Medicine and Rehabilitation. Philadelphia: W.B. Saunders
Company; 1996: p. 1033, table 49-4.)



TRAUMATIC BRAIN INJURY = 59

Glasgow Outcome Scale (GOS)

TABLE 2-5
Category Description
1 Death Self-evident criteria

2 Persistent vegetative state

Prolonged unconsciousness with no verbalization, no following
of commands. Absent awareness of self and environment;
patient may open eyes; absence of cortical function as judged
behaviorally; characterized by the presence of sleep-wake cycles

3 Severe disability

Patient unable to be independent for any 24-hour period by
reason of residual mental and/or physical disability

4 Moderate disability

Patient with residual deficits that do not prevent independent
daily life; patient can travel by public transport and work in a
sheltered environment

5 Good recovery

Return to normal life; there may be minor or no residual deficits

¢ Widely used scale; documented correlation between acute predictors of outcome and GOS
score at 6 months and 12 months

e Cons:

— In the GOS, categories are broad; scale not sensitive enough
— Not real indicator of functional abilities

(Continued)
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Disability Rating Scale (DRS)

TABLE 2-6

1. Eye Opening 2. Communication 3. Motor Response
0 Spontaneous 0 Oriented 0 Obeying
1 To Speech 1 Confused 1 Localizing
2 To Pain 2 Inappropriate 2 Withdrawing
3 None 3 Incomprehensible 3 Flexing

4 None 4 Extending

5 None

4. Feeding 5. Toileting 6. Grooming
0.0 Complete 0.0 Complete 0.0 Complete
0.5 0.5 0.5
1.0 Partial 1.0 Partial 1.0 Partial
15 15 15
2.0 Minimal 2.0 Minimal 2.0 Minimal
2.5 2.5 2.5
3.0 None 3.0 None 3.0 None

7. Level of functioning (physical
and cognitive disability)

0.0 Completely independent

0.5

1.0 Dependent in special environment

15

2.0 Mildly dependent—limited assistance
(nonresident helper)

25

3.0 Moderately dependent—moderate
assistance (person in home)

3.5

4.0 Markedly dependent—assist all major
activities, all times

4.5

5.0 Totally dependent—24-hr nursing care

8. “Employability” (as full-time worker,
homemaker, or student)

0.0 Not restricted

0.5

1.0 Selected jobs, competitive

1.5

2.0 Sheltered workshop, noncompetitive

2.5

3.0 Not employable

(Rappaport et al., 1982)

This is a 30-point scale covering the following eight dimensions:

. Eye opening

. Verbalization/communication
. Motor responsiveness
Feeding*

. Toileting*

. Grooming*

WN U LN

. Employability

*Note: measuring cognitive skills only in these categories.

. Overall level of functioning/dependence

* The DRS was developed specifically for brain injury

¢ [t provides a quantitative index of disability
e [t is more sensitive to clinical changes than GOS
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Rancho Los Amigos Levels of Cognitive Function Scale (LCFS)

TABLE 2-7
Level Description
I No response
I Generalized response to stimulation
I Localized response to stimuli
v Confused and agitated behavior
\% Confused with inappropriate behavior (nonagitated)
VI Confused but appropriate behavior
VII Automatic and appropriate behavior
VIII Purposeful and appropriate behavior

(Reprinted with Permission from Rancho Los Amigos National Rehabilitation Center.)

* Eight-level global scale that focuses on cognitive recovery and behavior after TBI
¢ (Gouvier et al., 1987)—LCFS has lower validity and reliability than the Disability Rating Scale
(DRS)
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Functional Independence Measure (FIM)

* Ordinal scale with 18 items and 7 levels to assess physical and cognitive function
* Documented validity and reliability

TABLE 2-8 FIM

7 Complete Independence (Timely, Safely) NO
6 Modified Independence (Device) HELPER
Modified Dependence

5 Supervision
4 Minimal Assist (Subject = 75% +)
3 Moderate Assist (Subject = 50% +) HELPER

Kl aloR N

Complete Dependence
2 Maximal Assist (Subject = 25% +)
1 Total Assist (Subject = 0% +)

Self-Care ADMIT DISCHG FOL-UP

A. Ealing

B. Grooming

C. Bathing

D. Dressing - Upper Body
E. Dressing - Lower Body
F. Toileting

Sphincter Control
G. Bladder Management
H. Bowel Management

Transfers
I. Bed, Chair, Wheeichair
J. Toilet
K. Tub, Shower

Locomotion o wobe
L. Walk/Wheelchair ez B vz B e
M. Stairs
Motor Subtotal Score I:] D
Communication oy E sy E Auiory

Both

N. Comprehension Yoo “eom “““
0. Expression N E Nanvoca g MZZEZ'
Social Cognition

P. Social Interaction
Q. Problem Solving
R. Memory

Cognitive Subtotal Score

Total FIM D D D

NOTE: Leave no blanks; enter 1 if patient not testable due to risk

Copyright © 1993 Research Foundation of the State University of New York.

(FIM™ Guide for Uniform Data Set for Medical Rehabilitation, SUNY-Buffalo, 1996.)
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Coma Recovery Scale (CRS)

* Theorizes hierarchical responses (from generalized to cognitively mediated) for 25 items
in 6 areas: auditory, visual, motor, oromotor/verbal, communication, and arousal

¢ Giacino et al. (1991) found that changes in CRS scores showed stronger correlations with
outcome (as measured by the Disability Rating Scale) than initial, one-time scores. The
change as a percentage of total score was greater for the CRS than for the GCS or DRS
(Horn and Zasler 1996)

Neuropsychological Testing

Prior to the development of the CT Scan, neuropsychological assessment was targeted at
determining whether a brain lesion was or was not present, and, if present, discerning its
location and type

This diagnostic approach supported the development of the Halstead-Reitan

Neuropsychological Battery (HRNB). This battery was initially designed to assess frontal-lobe

disorders by W.C. Halstead (1947) and subsequently used by Reitan (1970 1974), who added

some tests and recommended its use as a diagnostic test for all kinds of brain damage. Most
examiners administer this battery in conjunction with the WAIS-R (Wechsler Adult

Intelligence Scale—Revised) and WMS (Wechsler Memory Scale) or the Minnesota

Multiphasic Personality Inventory (MMPI)

o Wechsler Adult Intelligence Scale—Revised (WAIS-R): eleven subtests (6 determine verbal IQ
and 5 determine performance 1Q), WAIS-R is the most frequently used measure of general
intellectual ability.

* Minnesota Multiphasic Personality Inventory (MMPI) consists of 550 true/false questions
that yield information about aspects of personality. It is the most widely and thoroughly
researched objective measure of personality.

[]
MEDICAL COMPLICATIONS AFTER TBI

Posttraumatic Hydrocephalus (PTH)

¢ Ventriculomegaly (ventricular dilation) is common after TBI, reported in 40%—72% of patients
after severe TBL. However, true hydrocephalus is relatively rare; incidence is 3.9 to 8%

¢ Ventriculomegaly is usually due to cerebral atrophy and focal infarction of brain tissue
(ex vacuo changes)

e Hydrocephalus in TBI is most often of the communicating or normal-pressure type

e Unfortunately, the classic triad of incontinence, ataxia/gait disturbance and dementia is of
little help in severe TBI cases

e Radiographic evaluation (CT Scan) and further work-up (to rule out hydrocephalus)
should be considered if there is failure to improve or deterioration of cognitive or behav-
ioral function

e CT-Scan—periventricular lucency, lack of sulci, and uniformity in ventricular dilation
favors PTH

e Initial manifestations of hydrocephalus can be intermittent HA, vomiting, confusion, and
drowsiness

¢ Tx: Lumbar puncture, shunt placement
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Elevated Intracranial Pressure (ICP)

In a normal adult, reclining with the head and the trunk elevated to 45°, the ICP is between
2 to 5 mmHg

ICP levels up to 15 mmHg are considered harmless

Raised ICP: defined as ICP > 20 mmHg for more than 5 minutes

Common after severe TBI (53% reported in a recent series)

When ICP > 40 mmHg, there is neurologic dysfunction and impairment of the brain’s elec-
trical activity

An ICP > 60 mmHg is invariably fatal; pressures in 2040 mmHg area associated with
increased morbidity

75% of the patients post severe TBI die due to deformation of tissue, shift, the development
of internal hernias and secondary damage to the CNS

If unchecked an increased ICP may cause death mainly because of deformation of tissue,
brain shifts, herniation, and cerebral ischemia

A unilateral mass lesion causes distortion of the brain, a reduction of the CSF volume, and,
in the closed skull, the formation of internal hernias (including tentorial /uncal hernia-
tion—see below)

Increased ICP reduces cerebral blood perfusion

It is more important to maintain an adequate cerebral perfusion pressure (CPP) than con-
trolling only the ICP

Cerebral perfusion is calculated by subtracting ICP from mean arterial pressure (MAP). It
should remain > 60 mmHg to ensure cerebral blood flow

CPP = MAP—ICP

Fever, hyperglycemia, hyponatremia, and seizures can worsen cerebral edema by T ICP

Indications for Continuous Monitoring of Intracranial Pressure
and for Artificial Ventilation

1. Patient in coma (GCS < 8) and with CT findings of T ICP (absence of third ventricle
and CSF cisterns)

2. Deep coma (GCS < 6) without hematoma

. Severe chest and facial injuries and moderate/severe head injury (GCS < 12)

4. After evacuation of IC hemorrhage if patient is in coma (GCS < 8) beforehand

W

Factors that May Increase ICP

Turning head, especially to left side if patient is completely horizontal or head down
Loud noise

Vigorous physical therapy

Chest PT

Suctioning

Elevated blood pressure

Methods Used to Monitor ICP

Papilledema: papilledema is rare in the acute stage after brain injury, despite the fact that

T ICP is frequent

— Usually occurs bilaterally

— May indicate presence of intracranial mass lesion

— Develops within 12 to 24 hours in cases of brain trauma and hemorrhage, but, if pro-
nounced, it usually signifies brain tumor or abscess, i.e., a lesion of longer duration

CT Scan (see earlier)—if CT-Scan equivocal, cysternography may be done
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Lumbar puncture (LP) if no papilledema (must rule out mass lesion first)
— LP carries a certain risk of causing fatal shift of brain tissue (i.e., herniation)

Management of ICP

Elevate head of bed 30°

Intubation and hyperventilation: reduction of PaCO, through hyperventilation is the most

rapid mean of lowering ICP. However, it may negatively impact outcome

— Hyperventilation should be used with caution as it reduces brain tissue PO, this may
cause brain tissue hypoxia = this may lead to ischemia = ischemia may cause further
damage in the CNS tissue of the head injury (HI) patient

- Optimal PaCO, ~ 30 mmHg

Osmotic agents (e.g.,, mannitol)—improves ischemic brain swelling (by diuresis and

intravascular fluid shifts)

Furosemide/acetazolamide may also be used

Avoid HTN: can increase brain blood volume and increase ICP

High doses of barbiturates (e.g., thiopental) rapidly lower ICP and suppress electrical

brain activity

Neurosurgical decompression

Hypothermia may be used to | ICP and it may protect brain tissue by lowering cerebral

metabolism. Marion (1997)—treatment with hypothermia for 24 hours in severe TBI

patients (GCS 5-7) associated with improved outcome

Steroids—not proven to be beneficial management of ICP

Temporal Lobe—Tentorial (UNCAL) Herniation

Uncal herniation results when the medial part of one temporal lobe (uncus and parahip-
pocampal gyrus) is displaced over the edge of the ipsilateral tentorium so as to compress
the third cranial nerve, midbrain, cerebral cortex, and subthalamus

Occurs as a result of increased supratentorial pressure. It is commonly associated with

hematoma (subdural or epidural) secondary to trauma or to a brain tumor

Uncal herniation of the medial temporal lobe produces:

1. Stretching of the third cranial nerve (oculomotor nerve) causes ipsilateral pupillary
dilation; this may lead to complete ipsilateral third nerve palsy (with fixed pupil dila-
tion, ptosis, and later, ophthalmoplegia)

2. Ipsilateral hemiparesis results due to pressure on the corticospinal tract located in the
contralateral crus cerebri

3. Contralateral hemiparesis may result due to pressure (from edema or mass effect) on
the precentral motor cortex or the internal capsule

In uncal herniation, reduced consciousness and bilateral motor signs appear relatively late.

Central hyperventilation may also occur late in uncal herniation

Falx cerebri

Herniation of the medial part of the temporal
lobe, with compression of it against the edge
of the tentorium cerebelli (which is a
relatively rigid structure)

Tentorium cerebelli

FIGURE 2-5. Temporal Lobe—Tentorial (Uncal) Herniation
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Heterotopic Ossification (HO)

e HO is the formation of mature lamellar bone in soft tissue
¢ Common in TBI, with an incidence of 11%-76% (incidence of clinically significant cases is
10%—-20%)

Risk factors:
* Prolonged coma (> 2 weeks)
— Immobility
— Limb spasticity/T tone (in the involved extremity)
— Associated long-bone fracture
— Pressure ulcers
— Edema
e Period of greater risk to develop HO: 3 to 4 months post injury

Signs/Symptoms
— Most common: pain and | range of motion (ROM)
— Also: local swelling, erythema, warmth joint, muscle guarding, low-grade fever
e In addition to pain and 4 ROM, complications of HO include bony ankylosis, peripheral
nerve compression, vascular compression, and lymphedema
¢ Joints most commonly involved:
1. Hips (most common)
2. Elbows/shoulders
3. Knees

Differential Dx: DVT, tumor, septic joint, hematoma, cellulitis, and fracture
Diagnostic Tests/Labs

Serum Alkaline Phosphatase (SAP)

* SAP elevation may be the earliest and least expensive method of detection of HO

¢ It has poor specificity (may be elevated for multiple reasons, such as fractures, hepatic dys-
function, etc.)

Bone Scan

* Is a sensitive method for early detection of HO

* HO can be seen within the first 24 weeks after injury in Phase I (blood-flow phase) and
Phase II (blood-pool phase) of a triple phase bone scan, and in Phase III (static
phase/delayed images) in 4-8 weeks with normalization by 7 to 12 months

Plain X-rays
* Require 3 weeks to 2 months post injury to reveal HO. Useful to confirm maturity of HO

Prophylaxis

* ROM exercises

¢ Control of muscle tone

¢ Non Steroidal Anti-inflammatory Drugs (NSAIDs)

¢ Radiation—used perioperatively to inhibit HO in total hip replacement patients; concerns
about T risk of neoplasia limit its use in younger patient populations (e.g., TBI patients).
Also, as radiation is used prophylactically to prevent HO formation of a particular joint, to
use it in TBI patients would require essentially irradiation of the whole body (as HO can
develop practically at any joint), which is not practical
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Treatment

¢ Diphosphonates and NSAIDs (particularly indomethacin) have been used on patients to
arrest early HO and to prevent postop recurrence, but their efficacy has not been clearly
proven (TBI population)

* ROM exercises—used prophylactically to prevent HO and also used as a treatment for
developing HO (to prevent ankylosis)

* Surgery—surgical removal of HO indicated only if T in function is a goal (to T hygiene,
sitting, etc.)

® Surgical resection usually postponed 12 to 18 months to allow maturation of HO

Hypertension (HTN)

* Frequently observed post-TBI
¢ Estimated incidence 11%-25% post head injury
¢ Posttraumatic hypertension usually resolves spontaneously—long-term use of antihyper-
tensive agents is rarely necessary
e Post TBI hypertension related to sympathetic hyperactivity usually seen in severe TBI—
demonstrated by T plasma and urine catecholamines levels
e Cases of HTN have been reported secondary to hydrocephalus several years after TBI
¢ If medication needed, propanolol recommended because:
— | plasma catecholamines levels
— | cardiac index
— | myocardial oxygen demand
— | heart rate
— Improves pulmonary ventilation-perfusion inequality

Venous Thromboembolic Disease

¢ Venous thromboembolic disease (VTE), including deep vein thrombosis (DVT) and pul-
monary embolus (PE), are among the most significant complications of TBI as they are
related to T mortality in the rehabilitation setting

® The incidence of DVT in TBI rehabilitation admissions is approximately 10%-18% (Cifu, 1996)

e VTE/DVT often clinically silent in the TBI population, with sudden death from PE being
the first clinical sign in 70%-80%

¢ DVT occurs most commonly in the lower limbs and is traditionally associated with immo-
bility, paresis, fracture, soft-tissue injuries, and ages > 40

® Remember Virchow’s triad: venous stasis, vessel-wall damage, and hypercoagulable state

Prophylactic Regimens for DVT

* Low-dose unfractionated heparin (5000 U q 8 to 12 hours) and low-molecular-weight
heparin—adequate anticoagulation generally achieved with these treatments

¢ Intermittent pneumatic compression—provide effective DVT prophylaxis in patients at
risk of bleeding complications

e Warfarin (Coumadin®)

e Inferior vena cava (IVC) filter

Diagnostic tests
Doppler ultrasonography, impedance plethysmography (IPG), '*I-fibrinogen scanning and
contrast venography
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TABLE 2-9
Diagnostic Test Pros Cons
Doppler *95% sensitivity and 99% specificity |e Limited ability to detect calf
ultrasonography for symptomatic proximal thrombi thrombi
Impedance *90%-93% sensitivity and 94% ¢ Limited ability to detect calf
plethysmography | specificity for proximal thrombi thrombi
5T-fibrinogen *60%-80% sensitive in proximal e Invasive
scanning thrombi e Involves injection of radioactive agent
Contrast *Remains the gold standard for e Invasive
venography diagnosis of clinically ¢ Contrast-induced thrombosis
suspected DVT ¢ Contrast allergy
Treatment of DVT

¢ Anticoagulation is first initiated with IV heparin or adjusted-dose subcutaneous heparin
followed by oral anticoagulation; anticoagulation continued for 3—6 months. IVC filter
used when anticoagulation is contraindicated

Posttraumatic Epilepsy/Posttraumatic Seizures (PTS)

Posttraumatic epilepsy is classified as:

1. Generalized (grand mal and tonic-clonic)

2. Partial (simple, if consciousness is maintained, or complex, if not)
The majority of PTS are of the partial type

Posttraumatic seizures are further classified as:
* Immediate PTS—occur within the first 24 hours post injury
¢ Early PTS—occur within the first week (24 hours to 7 days)
® Late PTS—occur after the first week
— Immediate PTS has better prognosis than early epilepsy; early PTS associated with
increased risk of late PTS

Incidence

Varies greatly according to the severity of the injury, the time since the injury, and the pres-

ence of risk factors (see below)

* 5% of hospitalized TBI patients (overall, closed-head injury) have late PTS

® 4%-5% of hospitalized TBI patients have one or more seizures in the first week after the
injury (early PTS) (Rosenthal et al., 1990)

Study to evaluate association between different characteristics (severity) of TBI and
development of seizures post injury. A group of 4541 patients with TBI {characterized
by loss of consciousness (LOC), posttraumatic amnesia (PTA), SDH or skull fracture},
were divided into three categories:

Mild TBI—LOC or amnesia < 30 minutes
Moderate TBI—LOC for 30 minutes to 24 hours or skull fractures
Severe TBI—LOC or amnesia > 24 hours, SDH or brain contusion

Incidence of seizures in the different categories:

Mild TBI—1.5%

Moderate TBI -2.9%

Severe TBI -17%

Opverall incidence (all patients)—3.1%

(Annegers et al., 1998)
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Risk Factors Associated with Late Posttraumatic Seizures:
® Penetrating head injury—33%-50%

¢ Intracranial hematoma—25%-30%

Early seizure (> 24 hours to 7 days)—25%

Depressed skull fracture—3%-70%

Prolonged coma or posttraumatic amnesia (> 24 hours)—35%

Other Risk Factors

® Dural tearing

® Presence of foreign bodies

Focal signs such as aphasia and hemiplegia
Age

Alcohol abuse

Use of tricyclic anti-depressants (TCAs)

Risk Factors Associated with Late Posttraumatic Seizures

|Penetrating Head Injury |

\Zﬁ

Depressed skull fracture | Intracranial hematoma

Prolonged coma | [

Early seizure

FIGURE 2-6.

® 50%-66% of PTS occur within one year; 75%-80% occur within two years; most PTS occur
1-3 months after injury

® 50% of patients with PTS will have only one seizure, and 25% have no more than three
episodes

Diagnosis
¢ Clinical
* EEG
— Standard
— Sleep-deprived
— 24 hour
e Prolactin level: T prolactin level confirms true seizure activity (but normal prolactin levels
will not exclude seizure activity)

Prophylactic Anticonvulsants

¢ Greater risk of development of PTS: within the first 2 years post injury

* Prophylactic use of anticonvulsants has not been proven effective in prospective, random-
ized, controlled studies

¢ Phenytoin—proven to be effective only during the first week post injury (with no benefit
thereafter) at preventing early PTS. There is no proof of change in outcome with prophy-
lactic use of phenytoin (Temkin et al., 1990)
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Treatment

It has been suggested that carbamazepine and valproic acid are the drugs of choice (DOC)
for the treatment of partial and generalized PTS, respectively.

TABLE 2-10 Anticonvulsant Medications: Uses and Adverse Reactions

Medication Uses Adverse Reactions
Carbamazepine | Partial seizures e Acute: stupor or coma, hyperirritability,
¢ Tonic-clonic; generalized convulsions, respiratory depression
seizures ¢ Chronic: drowsiness, vertigo, ataxia, diplopia,
e Stabilization of agitation blurred vision, nausea, vomiting, aplastic anemia,
and psychotic behavior agranulocytosis, hypersensitivity reactions
¢ Bipolar affective disorder (dermatitis, eosinophilia, splenomegaly,
*Neuralgia lymphadenopathy), transient mild leukopenia,
transient thrombocytopenia, water retention with
decreased serum osmolality and sodium,
transient elevation of hepatic enzymes
Gabapentin e Partial seizures e Somnolence, dizziness, ataxia, fatigue
Lamotrigine e Partial seizures * Dizziness, ataxia, blurred or double vision,
¢ Tonic-clonic; generalized nausea, vomiting, rash, Stevens-Johnson
seizures syndrome, disseminated intravascular
coagulation
Phenobarbital e Partial seizures e Sedation, irritability, and hyperactivity in
e Tonic-clonic; generalized children, agitation, confusion, rash, exfoliative
seizures dermatitis, hypothrombinemia with
hemorrhage in newborns whose mothers took
phenobarbital, megaloblastic anemia,
osteomalacia
*Nystagmus and ataxia at toxic doses
Phenytoin e Partial seizures e Intravenous administration: cardiac
e Tonic-clonic; generalized arrhythmias, hypotension, CNS depression
seizures  Oral administration: disorders of the cerebellar
*Neuralgia and vestibular systems (such as nystagmus,
ataxia, and vertigo), cerebellar atrophy, blurred
vision, mydriasis, diplopia, ophthalmoplegia,
behavioral changes (such as hyperactivity,
confusion, dullness, drowsiness, and
hallucination), increased seizure frequency,
gastrointestinal symptoms, gingival hyperplasia,
osteomalacia, megaloblastic anemia, hirsutism,
transient liver enzyme elevation, decreased
antidiuretic hormone secretion leading to
hypernatremia, hyperglycemia, glycosuria,
hypocalcemia, Stevens-Johnson syndrome,
systemic lupus erythematosus, neutropenia,
leukopenia, red cell aplasia, agranulocytosis,
thrombocytopenia, lymphadenopathy,
hypothrombinemia in newborns whose mothers
received phenytoin, reactions indicative of drug
allergy (skin, bone marrow, liver function)
Valproic Acid e Partial seizures e Transient gastrointestinal symptoms such as
e Tonic-clonic; generalized anorexia, nausea, and vomiting; increased
seizures appetite; sedation; ataxia; tremor; rash; alopecia;
* Myoclonic seizures hepatic enzyme elevation, fulminant hepatitis
e Absence seizures (rare, but fatal); acute pancreatitis;
e Stabilization of agitation hyperammoniemia
and psychotic behavior

From Rosenthal M, Griffith ER, Kreutzer JS, Pentland B. Rehabilitation of the Adult and Child with Traumatic Brain
Injury 3rd ed. Philadelphia: FA. Davis; 1999, p. 67, table 4-2, with permission




TRAUMATIC BRAIN INJURY = 71

e Anticonvulsant medications are usually started once late seizures occur

o In the TBI population, carbamazepine (for partial seizures) and valproic acid (for gen-
eralized seizures) are often preferred to medications that are more sedating or associated
with cognitive impairment (such as phenobarbital and phenytoin). Their superiority over
phenytoin has been debated (differences among these three agents are probably minimal);
carbamazepine may be as sedating as phenytoin. (Brain Injury Special Interest Group of
the American Academy of Physical Medicine and Rehabilitation, 1998)

e Important to remember that all anticonvulsants may cause some degree of sedation and
cognitive deficits (usually psychomotor slowing)

e Phenobarbital is clearly associated with greater cognitive impairment; this medication
should not be used as first choice of anticonvulsant therapy in the TBI patient

* Long-term use of phenytoin has been associated with adverse cognitive effects. Animal
and clinical (extrapolated from strokes) studies suggest that phenytoin may impede
recovery from brain injury (Dikmen, 1991)

® Second generation anticonvulsants, such as gabapentin and lamotrigine, may also be used for
treatment of PTS as adjuvant agents (not approved yet for monotherapy). These agents appear
to have fewer cognitive side effects, but are still under investigation in the TBI population.

Drug Interactions

TABLE 2-11. Anticonvulsant Medications: Common Drug Interactions

Medication Drug Interaction

Carbamazepine| ®Increased metabolism of carbamazepine (decreased levels) with phenobarbital,
phenytoin, and valproic acid

*Enhances metabolism of phenobarbital

¢ Enhances metabolism of primidone into phenobarbital

®Reduces concentration and effectiveness of haloperidol

¢ Carbamazepine metabolism inhibited by propoxyphene and erythromycin

Lamotrigine * When used concurrently with carbamazepine, may increase levels of 10,11
—epoxide (an active metabolic of carbamazepine)

¢ Half-life of lamotrigine is reduced to 15 hours when used concurrently with
carbamazepine, phenobarbital, or primidone

* Reduces valproic acid concentration

Phenobarbital | ®Increased levels (as much as 40%) of phenobarbital when valproic acid
administered concurrently

® Phenobarbital levels may be increased when concurrently administering phenytoin

* Phenobarbital has a variable reaction with phenytoin levels

Phenytoin ¢ Phenytoin levels may increase with concurrent use of chloramphenicol,
cimetidine, dicumarol, disulfiram, isoniazid, and sulfonamides

e Free phenytoin levels may increase with concurrent use of valproic acid and
phenylbutazone

* Decreased total levels of phenytoin may occur with sulfisoxazole, salicylates, and
tolbutamide

® Decreased phenytoin levels with concurrent use of carbamazepine

* Decreased carbamazepine levels with concurrent use of phenytoin

e Increased or decreased levels of phenytoin when concurrently administered with
phenobarbital

* When concurrently used with theophylline, phenytoin levels may be lowered and
theophylline metabolized more rapidly

*May decrease effectiveness of oral contraceptives

* Enhances metabolism of corticosteroids

Valproic Acid | ®Increases level of phenobarbital

e Inhibits metabolism of phenytoin

e Rare development of absence status epilepticus associated with concurrent use of
clonazepam

(Reprinted with permission from Rosenthal et al., 1999, p. 68, table 4-3)
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Withdrawal of Anticonvulsants (For Patients with Posttraumatic Seizures):

o No clear indications. It has been suggested to withdraw anticonvulsant medications
after a seizure-free interval of 3 months to 6 months up to 1-2 years. (One to two year
seizure-free interval is used more often as time frame for withdrawal of anticonvulsant
therapy.)

e Spontaneous resolution of PTS can occur

Posttraumatic Agitation

¢ Posttraumatic agitation is usually a self-limiting problem lasting 1-4 weeks

® Reported to occur in 33%-50% of patients with TBI in the acute care setting

® Posttraumatic agitation has been described as

— A subtype of delirium unique to TBI survivors, in which the survivor is in a state of

posttraumatic amnesia, and there are excesses of behavior, including a combination of
aggression, disinhibition and/or emotional lability
= Delirium is related to, but not sufficient for, a diagnosis of agitation.

¢ Often no pharmacologic intervention is required

First-line Intervention

e Patient should be maintained in a safe, structured, low-stimulus environment, which is
frequently adequate to manage short-term behavior problems. Agitation may be con-
trolled with alterations in environment and staff or family behavior

® Floor beds can eliminate need for restraints

® Use physical restraints only if patient is a danger to self or others; should be applied only
to minimal degree and not as a substitute for floor bed or one-to-one or other environ-
mental interventions

TABLE 2-12. Environmental Management of Agitation

1. Reduce the level of stimulation in the environment
Place patient in quiet private room
Remove noxious stimuli if possible, tubes, catheters, restraints, traction
Limit unnecessary sounds, TV, radio, background conversations
Limit number of visitors
Staff to behave in a calm and reassuring manner
Limit number and length of therapy sessions
Provide therapies in patient room

2. Protect patient from harming self or others
Place patient in a floor bed with padded side panels (Craig bed)
Assign 1:1 or 1:2 sitter to observe patient and ensure safety
Avoid taking patient off unit
Place patient in locked ward

3. Reduce patient’s cognitive confusion
One person speaking to patient at a time
Maintain staff to work with patient
Minimize contact with unfamiliar staff
Communicate to patient briefly and simple, one idea at a time

4. Tolerate restlessness when possible
Allow patient to thrash about in floor bed
Allow patient to pace around unit with 1:1 supervision
Allow confused patient to be verbally inappropriate

(Reprinted with permission from Braddom RL. Physical Medicine and Rehabilitation, Philadelphia: W.B. saunders
Company; 1996: Table 49-8.)
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FIGURE 2-7 Agitated non-ambulatory patients often benefit from the use of a floor (Craig) bed.
Mattresses can be laid on the floor and 3—4 ft. padded walls on four sides allow the patient to roll
around. The use of a floor bed with one-to-one supervision and with the use of mitts and a helmet (if
necessary) often eliminates the need for restraints. (Reprinted with permission from Braddom, R.L.
Physical Medicine and Rehabilitation. Philadelphia: W.B. Saunders; 1996: p. 1038, figure 49-7.)

Medications for Treatment of Posttraumatic Agitation

e Pharmacologic treatment for agitation is controversial but it includes carbamazepine
(Tegretol®) (most commonly used agent for posttraumatic agitation), TCAs, trazodone
(Desyrel®), beta-blockers, SSRIs, valproic acid (Depakote®), lithium, amantadine (Symmetrel®),
buspirone (BuSpar®)

* Avoid haloperidol (Haldol®), which is shown to decrease recovery in the injured brain
tissue in animals (Feeny et al., 1982)

Urinary Dysfunction

* Neurogenic bladder with uninhibited detrusor reflex (contraction)

¢ TBI patients are frequently incontinent, usually presenting a disinhibited type of neuro-
genic bladder, in which the bladder volume is reduced but empties completely with
normal postvoiding intravesicular volumes = Small voids with normal residuals

. For this type of dysfunction, a time-void program is usually helpful, in which the
patient is offered the urinal or commode at a regular scheduled interval

* Anticholinergic meds (to T bladder capacity) may also be used

¢ (Note—For a more detailed description of bladder function, types of neurogenic bladder
and treatments, see SCI section) (Rosenthal, 1999)

Cranial Neuropathies

Most frequently affected cranial nerves in blunt head trauma:

Olfactory nerve (CN )

Facial nerve (CN VII)

Audiovestibular/vestibulocochlear nerve (CN VIII)

CN affected with intermediate frequency

— optic nerve (CNII)

— ocular motor nerves (CN IV > CN III > CN VI)

e Trigeminal nerve (CN V) and the lower cranial nerves are rarely involved

CN I (Olfactory)
o Cranial nerve most often damaged by blunt head trauma
e Overall incidence ~ 7%, rising to 30% with severe head injuries or anterior fossa fractures
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* Anosmia (loss of the ability to smell) is more common with occipital than with frontal
blows and can result from trauma to any part of the head

* Anosmia and an apparent loss of taste result from CN I disruption thought to be secondary
to a displacement of the brain with tearing of the olfactory nerve filaments in or near the
cribriform plate through which they course

e Often associated with | appetite/altered feeding behavior

¢ Associated with CSF rhinorrhea

® Recovery occurs in > one-third of cases, usually during the first 3 months

CN VII (Facial)
e Especially vulnerable to penetrating or blunt trauma to head because of its long, tortuous
course through the temporal bone

CN VIII (Vestibulocochlear)
e Damage to the vestibulocochlear nerve results in loss of hearing or in postural vertigo and
nystagmus coming on immediately after the trauma

CN II (Optic Nerve)

e Partial damage may result in scotomas and a troublesome blurring of vision or as
homonymous hemianopsia. If nerve is completely involved or transected, patient will
develop complete blindness (pupil dilated, unreactive to direct light but reactive to light
stimulus to the opposite eye (consensual light reflex)

Endocrine Complications

Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIADH)

* Water retention resulting from excessive antidiuretic hormone (ADH) secretion from the
neurohypophysis secondary to multiple causes including head trauma

e In SIADH, ADH excess considered to be inappropriate because it occurs in the presence of
plasma hypo-osmolality

e In SIADH, Na" excretion in the urine is maintained by hypervolemia, suppression of the
renin-angiotensin-aldosterone system, and T in the plasma concentration atrial natriuretic
peptide (usually > 20 mmol/L)

Common Causes of SIADH

e CNS Diseases * Malignancy
— Thrombotic or hemorrhagic events — CA of the lung (especially small cell CA)
— Infection — Gl malignancy (e.g., pancreatic cancer)
— Meningitis — Prostate CA
— Encephalitis — Thymoma
— Brain abscess — Lymphoma
e Head Trauma e Drugs
¢ Lung Disease - Carbamazepine
- Pneumonia — Vincristine
— Lung abscess — Clofibrate
— Positive pressure ventilation — Chlorpropamide
— Phenotiazines
— Amtriptyline
— Morphine
— Nicotine

Signs and Symptoms in SIADH:
e In mild SIADH (with Na* 130-135), or in gradually developing SIADH, symptoms may be
absent or limited to anorexia and nausea/vomiting
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In severe SIADH (with significant hyponatremia) or in acute onset SIADH, there might be
an increase in body weight and symptoms of cerebral edema—restlessness, irritability,
confusion, coma, convulsions

Edema (peripheral/soft tissue) almost always absent

Treatment

Fluid restriction to ~ 1.0 L/day (800 ml to 1.2 L/day) (either alone or with a loop diuretic)
Careful daily monitoring of weight changes and serum Na® until sodium level > 135
mmol/L

Hypertonic saline (e.g., 5% NaCl solution), 200-300 ml, should be infused IV over 3—4
hours in patients with severe symptoms as confusion, convulsions, or coma

It is important not to raise Na* concentration too rapidly to avoid development of serious
neurological damage, pontine myelinolysis, or congestive heart failure (CHF); sodium
may be corrected not more than 10 mEq/L over 24 hours until sodium reaches 125 mEq/L
Chronic SIADH may be treated with demeclocycline, which normalizes serum Na* by
inhibiting ADH action in the kidney; lithium carbonate acts similarly but is rarely used
because it is more toxic

Cerebral Salt-Wasting (CSW) Syndrome

CSW is another common cause of hyponatremia in TBI; may probably be a more common
cause of hyponatremia in TBI patients than SIADH

Hyponatremia in TBI is generally present in a hypotonic setting with either normal extra-
cellular volume (isovolemia = SIADH) or reduced extracellular volume (hypovolemia =
CSW).

CSW is thought to occur because of direct neural effect on renal tubular function

In CSW, hyponatremia is not dilutional (as in SIADH)—CSW patients are, in fact, volume
depleted

Hallmark of CSW

— Decreased blood volume ({ extracellular volume = hypovolemia) secondary to sodium
loss (in urine) = this triggers T in ADH secretion that is appropriate rather than inap-
propriate (differentiating this condition from SIADH)

— Signs of dehydration

Treatment

Hydration/fluid replacement and electrolyte (Na+) correction

It is important to differentiate CSW from SIADH and to recognize that there is water
depletion in this condition, because treating it with fluid restriction (adequate Tx for
SIADH) may further | the extracellular fluid with disastrous results to the patient

Diabetes Insipidus (DI)

Hallmark: Deficiency of ADH (vasopressin)

May occur in severe head injuries; often associated with fractures of the skull

A fracture in or near the sella turcica may tear the stalk of the pituitary gland, with
resulting DI (due to disruption of ADH secretion from the posterior lobe of the pituitary)
in addition to other clinical syndromes depending on the extent of the lesion
Spontaneous remissions of traumatic DI may occur even after 6 month, presumably
because of regeneration of disrupted axons within the pituitary stalk

Clinical Manifestations

Polyuria, excessive thirst and polydipsia
Urinary concentration (osm < 290 mmol/kg, SG 1.010) is below that of the serum in severe
cases but may be higher than that of serum ( 290-600 mmol/kg) in mild DI



76 m TRAUMATIC BRAIN INJURY

e Normal function of the thirst center ensures that polydipsia closely matches polyuria, so
dehydration is seldom detectable except by a mild elevation of serum Na*

e However, when replenishment of excreted water is inadequate, dehydration may become
severe, causing weakness, fever, psychic disturbances, prostration, and death

* These features are associated with a rising serum osmolality and serum Na" concentration,
the latter is sometimes > 175 mmol /L

Treatment

¢ Hormone replacement

— DDAVP® (desmopressin acetate)—analog of antidiuretic hormone (ADH) with pro-
longed antidiuretic effect and no significant pressor activity

— May be given intranasally or intramuscular (IM)
e Chlorpropamide potentiates the effects of ADH on the renal tubules—used in partial ADH

deficiency
TABLE 2-13. Comparison of SIADH, CSW and DI
SIADH DI CSW syndrome
Serum ADH (rarely done | T (inappropriately \ T (appropriately
as routine lab work) elevated) elevated)
Diagnostic Labs
Serum Na* \ T |
Serum osmolality \2 T \2
Extracellular volume Normal (isovolemic) Normal (isovolemic) | Reduced
(hypovolemic)
Urine osmolality and SG | T (concentrated urine \2 Normal
with osmolality usually
> 300 mmol/kg)

Spasticity

¢ Disorders of motor tone (e.g., spasticity, rigidity) are common after TBI

¢ Please refer to the Spasticity section for a full discussion on definition, clinical assess-

ment/grading and treatment options for spasticity

MILD TRAUMATIC BRAIN INJURY
AND POSTCONCUSSIVE SYNDROME

e Mild TBI constitutes 80% to 90% of TBI cases in the United States
e ~ 2.3 million cases in the United States
® Multiple terms, definitions, and diagnostic criteria available for mild or minor traumatic

brain injury

¢ The American Congress of Rehabilitation (1995) has defined mild TBI as a traumatically
induced physiologic disruption of brain function with at least one of four manifestations:
— Any loss of consciousness (LOC)

— Any loss of memory for events immediately before or after the injury

— Any alteration in mental status at the time of the accident
— Focal neurological deficits that may or may not be transient
e Usually, mild TBI has negative radiological findings (CT/MRI)
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The injury cannot exceed the following severity criteria:

— LOC greater than 30 minutes

— Posttraumatic amnesia (PTA) > 24 hours

— Initial GCS <12 (13 to 15)

Signs and symptoms after mild TBI include:

— Headache (most common)

— Dizziness

— Tinnitus

— Hearing loss

— Blurred vision

— Altered taste and smell

— Sleep disturbances/insomnia

— Fatigue

— Sensory impairments

— Attention and concentration deficits

— Slowed mental processing (slowed reaction and information processing time)

— Memory impairment (mostly recent memory)

- Lability

— Irritability

— Depression

— Anxiety

Most mild TBI patients have a good recovery with symptoms clearing within the first few
weeks or months postinjury (usually within 1 to 3 months)

In some patients the symptoms (previously mentioned) persist and are associated with
social and vocational difficulties that appear to be out of proportion to the severity of the
neurologic insult. This condition has been termed postconcussive syndrome (PCS)

In a recent study, 14 mild TBI patients with unusually persistent deficits evaluated with
single photon emission computed tomography (SPECT) showed significant anterior mesial
temporal (Iobe) hypoperfusion and less striking dominant (left) orbitofrontal abnormalities
Memory and learning deficits have been associated with lesions at the hippocampus and
related structures in the medial temporal lobes or with injuries to structures that control
attention, concentration, and information processing in the frontal and temporal lobe
Pharmacologic intervention may be used including antidepressants and psychostimulants

Concussion/Sports Related Head Injuries

¢ (lassification of concussion is controversial
* The most widely used grading systems for concussion/mild head injury are the Colorado
and the Cantu guidelines

TABLE 2-14. Cantu and Colorado Head Injury Grading Systems

Grade Cantu Colorado
Grade I—mild e No LOC e No LOC

* PTA < 30 min e Confusion w/o amnesia
Grade 2—moderate e LOC < 5 min e No LOC

e PTA > 30 min e Confusion with amnesia
Grade 3—severe ¢LOC > 5 min e LOC

e PTA > 24 hrs

LOC = loss of consciousness
PTA = posttraumatic amnesia
(Cantu, 1992) (Report of the Quality Standards Subcommittee, 1997)
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Return to Play Guidelines
® Return to play criteria have been similarly controversial
® Colorado Medical Society and Cantu Guidelines are among the most widely used.

TABLE 2-15. Cantu’s Guidelines for Return to Play after Concussion

Grade First Concussion Second Concussion Third Concussion
Grade I— | May return to play if May return to play in 2 Terminate season, although|
mild asymptomatic for 1 week weeks if asymptomatic for | patient may return to play
1 week next season if
asymptomatic
Grade 2— | May return to play after Minimum of 1 month Same as above
moderate | asymptomatic for 1 week out of competition, may

return to play then if
asymptomatic for 1 week
and consider termination
of season dependent on

symptoms
Grade 3— | Minimum of 1 month, Terminate season, although
severe may return to play if may return to play next
asymptomatic for 1 week season if asymptomatic

(Cantu, 1998)

The American Academy of Neurology endorsed the Colorado Medical Society Guidelines for
classification and management of concussion in sports in its Report of the Quality Standards
Subcommittee Practice Parameter published in Neurology, 1997.

TABLE 2-16. When to Return to Play—Colorado Medical Society Guidelines

Grade Return to play only after being asymptomatic with normal
of Concussion: neurologic assessment at rest with exercise:

Grade 1 concussion 15 minutes or less

Multiple Grade 1 concussions 1 week

Grade 2 concussion 1 week

Multiple Grade 2 concussions 2 weeks

Grade 3—brief loss of 1 week

consciousness (seconds)

Grade 3—prolonged loss of 2 weeks
consciousness (minutes)

Multiple Grade 3 concussions 1 month or longer, based on decision of evaluating physician

(Report of the Quality Standards Subcommittee, 1997)
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RHEUMATOLOGY

Thomas R. Nucatola, M.D., Eric Freeman, D.O., and David P. Brown, D.O.

[]
RHEUMATOID ARTHRITIS (RA)

DEFINITION (Klippel, 1997; Kelly et al, 1997)

Systemic autoimmune inflammatory disorder of unknown etiology that primarily affects the
synovial lining of the diarthrodial joints. This chronic, symmetric erosive synovitis develops
in the joints and leads to destruction. These erosions are pathognomonic of RA.

Diarthrodial Joint

¢ Type II Hyaline Cartilage
Subchondral Bone

¢ Synovial Membrane

* Synovial Fluid

¢ Joint Capsule

Results of Joint Destruction in RA

¢ Injury to synovial microvasculature

Synoviocytes are activated via class Il HLA Ag (cellular process): Synovial cells prolif-
erate

Leads to congestion, edema, and fibrin exudation

T Lymphocytes infiltrate

Synovium is hypertrophied (cartilage is destroyed)

Pannus formation

Pannus Formation is the Most Important Destructive Element in RA

Pannus:
* Membrane of granulation tissue that covers the articular cartilage at joint margins
¢ Fibroblast-like cells invade and destroy the periarticular bone and cartilage at joint margins
¢ Vascular granulation tissue is composed of:

— Proliferating fibroblasts

— Numerous small blood vessels
Various number of inflammatory cells mainly T lymphocytes (Polymorphic Neutrophil
PMN are in fluid)
Occasionally collagen fibers are seen within phagolysosomes of cells at the leading edge
of pannus
¢ Joint ankylosis may occur in later stages

81
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EPIDEMIOLOGY

Female to male ratio is 2:1

Prevalence: approximately 1% of the population

Genetic

Major Histocompatability Complex (MHC) on chromosome #6

Class II MHC allele HLA-DR4 (HLA-DR4 haplotype)

Age range from 20 to 60 years, prevalence rises with age, peak incidence between 4th and
5th decade

ETIOLOGY

Two major theories:
1. Infectious agents
2. Immunogenetic— Class II surface antigens-presenting cells

PATTERN OF ONSET
Insidious — 50%—70%

Initial symptoms can be systemic or articular

Slow onset from weeks to months

Constitutional symptoms: fatigue, malaise

Diffuse musculoskeletal pain may be the first nonspecific complaint with joint involve-
ment later

Most commonly symmetric involvement although asymmetric involvement may be seen early
Morning stiffness in the involved joints lasting one hour or more

Swelling, erythema

Muscle atrophy around the affected joints

Low grade fever without chills

Acute Onset — 10%—-20%

* Onset over several days
® Less symmetric in presentation
® Severe muscle pain

Intermediate Onset— 20%-30%

® Onset over several days to weeks
e Systemic complaints more noticeable

DIAGNOSIS OF RA: 1988 American Rheumatologic Association Criteria
(Arnett et al., 1988)

® Must satisfy 4-7 criteria
* Criteria 1 through 4 must be present for at least six weeks

ARA Criteria:
1. Morning Stiffness
¢ In and around the joint
* Must last at least one hour before maximal improvement
2. Arthritis of Three or More Joints
* Three or more joint areas simultaneously affected with soft tissue swelling or fluid
¢ Observed by a physician
® 14 possible joint areas are bilateral proximal interphalangeal (PIP), metacarpal pha-
langeal (MCP), wrist, elbow, knee, ankle and metatarsal phalangeal (MTP)
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3. Arthritis of the Hand Joints
® At least one joint area swollen in the wrist, MCP and/or PIP
4. Symmetric Arthritis
e Simultaneous involvement at the same joint area on both sides of the body
* Absolute symmetry is not needed
5. Rheumatoid Nodules
e Subcutaneous nodules over extensor surfaces, bony prominence or in juxta-articular
regions
® Observed by a physician
6. Serum Rheumatoid Factor (RF [+]).
7. Radiographic Changes (Hand and Wrist)
e Erosions, bony decalcification, and symmetric joint-space narrowing

Duration and Location in the Major Arthritides of

Morning Stiffness

¢ Rheumatoid Arthritis — PIP, MCP, MTP Joints
Duration > 1-2 hours

¢ Osteoarthritis (OA) — Distal Interphalangeal Joint (DIP)
Duration < 30 minutes

¢ Ankylosing Spondylosis — Lumbosacral Spine
Duration ~ 3 hours

LAB TESTS

Although no single test is definitive in diagnosing RA, typical laboratory findings in active
disease include:

¢ Rheumatoid factor

® Acute phase reactants: ESR and C-reactive protein

e CBC: thrombocytosis, hypochromic microcytic anemia, eosinophilia

e Synovial fluid analysis

Synovial Fluid In RA

¢ Low viscosity

* WBC — 1,000-75,000 mm’
* >70% PMNs

¢ Transparent - cloudy

e Hypergammaglobulinemia
e Hypocomplementemia

Rheumatoid Factor (+)

85% of the patients with RA have a (+) Rheumatoid Factor (RF [+])

Associated with severe active disease with increased systemic manifestations (nodules)
Serial titers are of no value

Can still be RF (-) and have RA because (+) diagnosis needs four to seven diagnostic cri-
teria

® + RF can be seen in other diseases: Rheumatic (SLE, scleroderma, Sjogren’s), viral, para-
sitic, bacterial, neoplasms, hyperglobulinemic
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Increased ESR and C Reactive Protein

e Acute phase reactants
* Nonspecific, not used in diagnosis

RADIOGRAPHIC FINDINGS IN RA

* Marginal bone erosions (near attachment of joint capsule)
® (+) Juxta-articular osteopenia (bone wash-out)
¢ Predilection of swelling of joints in wrists, MCP, PIP, MTP
¢ Erosion of the ulnar styloid
e Erosion of the metatarsal head of the MTP joint
¢ Disease may be asymmetric at first then progress to symmetric
¢ Cervical spine involvement may lead to cervical atlantoaxial (A-A) subluxation (> 2.5-3 mm)
(Martel, 1961; Park et al. 1979)
Ulnar deviation and volar subluxation seen at the MCP joint of the phalanges
Radial deviation of the radiocarpal joint
Hallux valgus
Early findings
— Soft tissue swelling
— T joint space
e Late findings
— Uniform joint space narrowing due to loss of articular cartilage (hips, knees, etc.)
— Axial migration of the hip (Protrusio Acetabulum)
— Malalignment and fusion of joints

JOINT DEFORMITIES OF RHEUMATOID ARTHRITIS

The joints commonly involved in RA
* Hands and wrist

¢ Cervical spine—C1 to C2

* Feet and ankles

¢ Hips and knees

Disease Progression

1. Morning stiffness — universal feature of synovial inflammation > one hour
2. Structural inflammation — warm swollen tender joints seen superficially

3. Structural damage — cartilage loss and erosion of the periarticular bone

Hand and Wrist Deformities
Boutonniére Deformity (Calliet, 1982) (Figure 3-1)

Mechanism

* Weakness or rupture of the terminal portion of the extensor hood (tendon or central slip),
which holds the lateral bands in place

¢ The lateral bands slip downward (or sublux) to the axis of the PIP joint turning them into
flexors

¢ The PIP then protrudes through the split tendon as if it were a button hole (boutonniére =
button hole)

¢ The distal phalanx hyperextends
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Result

¢ Flexion of the PIP

e Hyperextension of the DIP

¢ Hyperextension of the MCP

Note: Positioning of the finger as if you were buttoning a button

Orthotic
e Tripoint finger splint

Rupture of
central slip

[

4

Subluxed
Lateral band

/

Y (e

FIGURE 3-1. Boutonniére Deformity

Swan Neck Deformity (Calliet, 1982) (Figure 3-2)

Mechanism
¢ Contracture of the intrinsic and deep flexor muscles and tendons of the fingers

Result

e Flexion contracture of the MCP
¢ Hyperextension of the PIP

e Flexion of the DIP

Orthotic
* Swan neck ring splint

S S

&)

FIGURE 3-2. Swan Neck Deformity
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Ulnar Deviation of the Fingers (Calliet, 1982)

Mechanism

* Weakening of the extensor carpi ulnaris (ECU), ulnar and radial collateral ligament

e Wrist deviates radially

e Increases the torque of the stronger ulnar finger flexors

¢ Flexor/extensor mismatch deviates the fingers in the ulnar direction as the patient tries to
extend the joint

Result
e Ulnar deviation is due to the pull of the long finger flexors

Orthotic
e Ulnar deviation splint

Tenosynovitis of the Flexor Tendon Sheath

¢ One of the most common manifestation of the hands in RA
e Can be a major cause of hand weakness

Result

¢ Diffuse swelling of the volar surfaces of the phalanges between the joints with palpable
grating of the flexor tendon sheath

* May be confused with deQuervain’s disease

DeQuervain’s disease

¢ Tenosynovitis of the extensor pollicis brevis (EPB) and abductor pollicis longus tendon
(APL)

¢ Thickening of the tendon sheath results in tenosynovitis and inflammation

¢ Pain over the tendons on the radial wrist EPB and APL

* Test: Finkelstein Test (Figure 3-3)

Full flexion of the thumb into the palm followed by ulnar deviation of the wrist will

produce pain and is diagnostic for deQuervain’s tenosynovitis

- ‘Lé ' /(\> JN
oo N )
\\ [A ~ J
\\v}v/
FIGURE 3-3. Finkelstein’s Test: Full flexion of the thumb into the palm will produce pain when

the wrist is deviated in the ulnar direction. From Snider RK. Essentials of Musculoskeletal Care.
Rosemont, lllinois: American Academy of Orthopaedic Surgeons, 1997, with permission.
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Carpal Bones Rotate in Zig-Zag Pattern

Mechanism

¢ Ligament laxity

Radial deviation of the wrist
Ulnar styloid rotates dorsally
Carpal bones rotate

— Proximal row: volarly

— Distal row: dorsally

Result
e Zig-zag pattern

Floating Ulnar Head (Piano-Key Sign, Think of the Black Keys)

Mechanism
¢ Proliferating synovium leads to rupture or destruction of the ulnar collateral ligament

Result

¢ The ulnar head raises up to the dorsal wrist
¢ Easily compressible elevated ulnar styloid

¢ Ulnar head floats

Resorptive Arthropathy

Mechanism
¢ Digits are shortened and phalanges appear retracted with skin folds

Result
* Telescoping appearance of the digits
® Most serious arthritic involvement

Pseudobenediction Sign

Mechanism

e Stretched radioulnar ligaments allow the ulna to drift upward

¢ Extensor tendons of the fourth and fifth digit are subject to abrasion from rubbing on the
sharp elevated ulnar styloid

Result
¢ Extensor tendon rupture
e Inability to fully extend the fourth and fifth digit

Cervical Spine

Atlantoaxial Joint Subluxations — Most Common are Anterior Subluxations

¢ Instability

Odontoid or Atlas can erode

With flexion, the Atlantoaxial (AA) space should not increase significantly: any space
larger than 2.5 or 3 mm is considered abnormal (Martel, 1961; Park et al., 1979)
Tenosynovitis of the transverse ligament of C1

Cervical myelopathy — erosion of the odontoid process, ligament laxity or rupture
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Foot and Ankle Deformities

Foot

¢ Hammer Toe Deformities
— Hyperextension of the MTP and DIP with flexion of the PIP

¢ Claw Toe Deformities
— Hyperextension at the MTP joint and flexion of the PIP and DIP joints
— Pain on the metatarsal heads on weight bearing

¢ Hallux Valgus Deformity

e Lateral Deviation of the Toes

Ankle
¢ Ligament weakness leading to pronation of the hindfoot
¢ Tarsal tunnel syndrome
— Synovial inflammation leads to compression of the posterior tibial nerve

Hip Deformities

® Occurs in about 50% of patients with RA (Duthie and Harris, 1969)
* Symmetric involvement
® Protrusio acetabulum can occur

What is a Protrusio?: Inward bulging of the acetabulum into the pelvic cavity
¢ Accompanied by arthritis of the hip joint, usually due to RA

Shoulders

® Glenohumeral arthritis
— Limitation of Internal rotation is an early finding
e Effusions can occur; decreased range of motion (ROM) may lead to frozen shoulder
® Rotator cuff injuries which include:
— Superior subluxations, tears, fragmenting of tendons secondary to erosion of the greater
tuberosity

Elbow

Subcutaneous nodules

Olecranon bursitis

Loss of full elbow extension is an early problem and may lead to flexion deformities
Ulnar Neuropathies

Knee Deformities

e Common symmetric joint involvement

® Loss of full knee extension which may lead to flexion contractures

® Quadriceps atrophy leading to increased amount of force though the patella

¢ Force leads to increased intra-articular pressure in the knee joint causing the synovial fluid
to drip into the popliteal space called a popliteal (Baker’s) cyst

EXTRA-ARTICULAR MANIFESTATIONS OF RA

More common in patients that are:
e RF (+)
e With rheumatoid nodules
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e Severe articular disease
e MHC class HLA DRBI1 Alleles

General
e Malaise or fatigue
Skin

® Subcutaneous Nodules
— Present in 50% of RA patients
Form subcutaneously, in bursae, and along tendon sheaths
Typically located over pressure points
Extensor surface of the forearm
Can occur singly or aggregate in clusters
Methotrexate may enhance the development or accelerate the development of rheuma-
toid nodules

Subcutaneous nodules are seen in:
e RA
e Gout

® Vasculitic Lesions
- Leukocytoclastic vasculitis and palpable purpura

Ocular

e Keratoconjunctivitis sicca (dry-eye syndrome)

¢ Episcleritis — benign, self-limited

® Scleritis — severe inflammation may erode through the sclera into the choroid causing
scleromalacia perforans

Pulmonary

Caplan’s Syndrome

¢ Intrapulmonary nodules—histologically
similar to rheumatoid nodules

® (+) rheumatoid factor

e Associated with rheumatoid arthritis and
pneumoconiosis in coal workers

* Granulomatous response to silica dust

¢ Interstitial lung disease
— Interstitial fibrosis
— Rheumatoid nodules

¢ Pulmonary fibrosis

¢ Pleurisy

¢ Inflammation of the cricoarytenoid
joint — dysphagia, dysphonia

¢ Bronchiolitis obliterans

Cardiac

e Pericarditis
— May lead to constrictive pericarditis with right-sided heart failure
— May be found in about half of RA patients
— Rarely symptomatic

e Valvular heart disease

Gastrointestinal:

® Xerostomia—dryness of the mouth secondary to decreased salivary secretion
e Gastritis and Peptic Ulcer Disease (PUD) associated with non-steroidal anti-inflammatory
drugs (NSAIDs) (not directly linked to disease)
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Renal

¢ Rare glomerular disease usually related to drug (gold)
* May see renal involvement if amyloidosis develops

Neurologic

¢ Cervical spine
Most common at C1-C2, destruction of the transverse ligament or the dens itself
- Cervical myelopathy
— Gradual onset of bilateral sensory paraesthesia of the hands and motor weakness
— Neurologic exam findings may include — Babinski, Hoffman’s, hyperactive Deep
Tendon Reflexes (DTRs)
¢ Entrapment neuropathies
— This is secondary to fluctuation in synovial inflammation and joint postures
* Mononeuritis multiplex —inflammatory—not due to compression

Hematologic

* Hypochromic-microcytic anemia
¢ Felty’s syndrome

Felty’s Syndrome

“She felt her spleen”

Classic triad of RA, splenomegaly, leukopenia

Seen in seropositive RA, usually with nodules

Occurs in the fifth to seventh decades with RA > 10 years
Women comprise two-thirds of cases

Often associated with leg ulcers

TREATMENT OF RHEUMATOID ARTHRITIS (Hicks, Sutin, 1988; Berkow,
Elliot 1995)

Education

* Joint protection
¢ Home exercise program

Relative Rest
* Required for the acutely inflamed joint
Exercise

* Acute disease: with severely inflamed joints, actual splinting to produce immobilization
with twice daily full and slow passive range of motion to prevent soft tissue contracture
o Mild disease: (moderate synovitis) requires isometric program
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Isometric Exercise

— Causes least amount of periarticular bone destruction and joint inflammation
Restores and maintains strength

Generates maximal muscle tension with minimal work, fatigue and stress

— Isotonics and isokinetic may exacerbate the flare and should be avoided

Modalities

e Superficial moist heat
Should not be used in acutely inflamed joints
— Depth of 1 cm
Decreases pain and increases collagen extensibility
Increases collagenase enzyme activity which causes increased joint destruction
e Other superficial heating/modalities: paraffin, fluidotherapy
e Cryotherapy
— Pain relief in an acutely inflamed joint
— Decreases the pain indicators of inflammation

ORTHOTICS

Indications

* Decrease pain and inflammation

* Reduce weight through joint

* Decrease joint motion—stabilization
e Joint rest

Splinting of the wrist in RA will most likely help to:

— Decrease pain and inflammation (Stenger et al., 1998)

— May help with disease progression, but is not proven

The major function of an orthosis used to combat early deformity in RA is to prevent

MCP flexion
Remember: There is no evidence that splinting will stop these deformities, but stabi-
lizing the MCP joint accompanied with exercise may help prevent or slow the progres-
sion. The MCP is thought to be the primary site of RA and inflammation can lead to
weakening of joint supporting structures.

Wrist-hand orthosis contributes to decrease in pain and is used mainly for strength maneu-

vers rather than dexterity

Does not deter the progression of the disease

Medications

e Early diagnosis should be done within the first month to prevent joint pathology
e Poor prognostic factors
e Help with assessing treatment
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Poor Prognosis in RA

Rheumatoid Nodules

RF (+)

Xray consistent with Erosive Disease
Persistent Synovitis

Insidious Onset

AN e

Surgical Options

Synovectomy
Arthroplasty
Arthrodesis

L]
L]
L]
e Tendon repairs

TABLE 3-1. Treatment Options for Rheumatoid Arthritis (Verhoeven, 1998)

Poor
Prognostic
Disease Stage Features Treatment

Medications

1. Education
Mild =) 2. PT/OT
3. Compliance

1. NSAID, salicylates

2. Disease-modifying
antirheumatic drug (DMARD)
® Hydroxychloroquine
e Sulfasalazine

3. Compliance

e Oral gold
Moderately (+) 1. Education 1. NSAID, salicylates
severe 2.PT/OT 2. DMARD

e Parental gold,
methotrexate—weekly
3. Short course of corticosteroids
® 3-5 day taper

Severe (+) Mandatory

1. Education
2.PT/OT

3. Compliance

1. NSAID, salicylates
2. DMARD-chronic use
e IM gold
® Weekly oral or parental
methotrexate
® May add a second
DMARD
3. Corticosteroids

PT = Physical Therapy

OT = Occupational Therapy

NSAID = non-steroidal anti-inflammatory drugs
DMARD = disease modifying anti-rheumatic drug
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TABLE 3-2. Drugs Used in Rheumatoid Arthritis and Common Side Effects (Gerber, Hicks,
1995)

DMARDs General
(Disease Modifying Degree of
Anti-rheumatic Drugs) Toxic Profile Toxicity
Hydroxychloroquine | Macular damage Safer
Sulfasalazine Myelosuppression, gastrointestional (GI) distrubances Safer
Auranofin GI disturbances, diarrhea, nausea, vomiting, anorexia,

rash pruritus, conjunctivitis, stomatitis, anemia,

thrombocytopenia, proteinuria, elevated liver enzymes Safer
Methotrexate Stomatitis, myelosuppression, hepatic fibrosis, cirrhosis,

pulmonary involvement, worsens rheumatoid nodules More toxic
Cyclosporine Renal dysfunction, tremor, hirsutism, hypertension,

gum dysplasia More toxic
Gold, Intramuscular, | Myelosuppression, renal — proteinuria
Oral Diarrhea (#1, oral), Rash (#1, Intramuscular) More toxic
Azathioprine Myelosuppression, hepatotoxicity, lymphoproliferative

disorders More toxic
D-Penicillamine Oral ulcers, bone marrow suppression induction of

autoimmune disease, proteinuria More toxic
Chlorambucil Bone marrow suppression, GI disturbances, nausea, vomiting,

diarrhea, oral ulceration, central nervous system (CNS) dis-
turbances, tremors, confusion, seizures, skin hypersensitivity,
pulmonary fibrosis, hepatotoxicity, drug fever peripheral
neuropathy, infertility, leukemia and 2° malignancies Very toxic

Cyclophosphamide Carcinogenesis, impairment of fertility, mutagenesis,

GI disturbances, nausea, vomiting, anorexia, alopecia,
leukopenia, thrombocytopenia, anemia, cystitis, urinary
bladder fibrosis, interstitial pulmonary fibrosis,

anaphylactic reaction Very toxic
Other Drugs for the Treatment
of Rheumatoid Arthritis Toxic Profile
ASA, NSAID GI ulceration and bleeding
Therapeutic levels for ASA 15 mg/dl-25 mg/dl
Toxic > 30 mg/dl
Corticosteroids Hyperglycemia, inhibits immune response, osteoporosis,
peptic ulcer disease, emotional liability
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OSTEOARTHRITIS (OA)

DEFINITION

A noninflammatory progressive disorder of the joints leading to deterioration of the articular
cartilage and new bone formation at the joint surfaces and margins
¢ Disease of the cartilage initially, not bone

PREVALENCE

Most common form of arthritis and the second most common form of disability in the United

States

e Prevalence increases with age: approximately 70% population > 65 years old have radio-
graphic evidence of osteoarthritis (Lane, 1997)

e Increase in occupations with repetitive trauma

* Male:female ratio is equal between the ages of 45-55. After 55 years old, it is more common
in women.

e Obesity — OA of the knee is most common

PATHOLOGY

® Microscopically
— Early — Hypercellularity of chondrocytes
Cartilage breakdown
Minimal inflammation
- Later — Cartilage fissuring, pitting, and erosions
Hypocelluarity of chondrocytes
Inflammation 2° synovitis
Osteophytes spur formation—seen at the joint margins
Subcondral bone sclerosis (eburnation)
Cyst formation in the juxta-articular bone
¢ Increased water content of OA cartilage leads to damage of the collagen network
® Loss of proteoglycans

CLASSIFICATION

e Primary OA — Idiopathic
— Knees, MTP, DIP, carpal metacarpal joint (CMC), hips and spine
e Secondary — Follows a recognizable underlying cause
— Elbows and shoulder involvement
— Chronic or acute trauma, connective tissue disease, endocrine or metabolic, infectious,
neuropathic and crystal deposition, bone dysplasias
e Erosive inflammatory OA
e DISH — Diffuse Idiopathic Skeletal Hyperostosis (Snider, 1997)
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OA Affected Joints
e Primary OA: Knees, MTP, DIP, CMC, Hips, Spine
® Secondary OA: Elbows and Shoulders

SIGNS & SYMPTOMS
Signs

¢ Dull aching pain increased with activity, relieved by rest

e Later pain occurs at rest

e Joint stiffness < 30 minutes, becomes worse as the day goes on

¢ Joint giving away

¢ Articular gelling — stiffness lasting short periods and dissipates after initial ROM
¢ Crepitus on ROM

Symptoms

* Monoarticular, shows no obvious joint pattern

® Localized tenderness of joints

¢ Pain and crepitus of involved joints

e Enlargement of the joint — changes in the cartilage and bone secondary to proliferation of
synovial fluid and synovitis

SPECIFIC JOINT INVOLVEMENT

Heberden’s Nodes — Spur formation at the DIP joints
Bouchard’s Nodes — PIP

First CMC

Knee Joint—Narrowing of medial compartment
Hips—Narrowing of superior lateral compartment, loss of ROM
Acromioclavicular Joint

First MTP Joint

Spine

Spondylosis

Involvement of the intervertebral fibrocartilaginous disc and vertebrae
Diffuse Idiopathic Skeletal Hyperostosis (DISH) (Snider, 1997)

DISH

Variant form of primary OA

Osteophytes extending to the length of the spine leading to spinal fusion

Hallmark — ossification spanning three or more intervertebral discs

Common in the thoracic, thoracolumbar spine

More prevalent in white males > 60 years old

Multisystem disorder, associated with:

— diabetes mellitus (DM), obesity, hypertension (HTN), coronary artery
disease (CAD)

— Stiffness in the morning or evening

— Dysphagia if cervical involvement
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RADIOGRAPHIC FINDINGS:

* Asymmetric narrowing of the joint space

Knee—medial joint space narrowing
Hip—superior lateral joint space narrowing

Subchondral bony sclerosis—new bone formation (white appearance, eburnation)
Osteophyte formation

Osseous cysts—microfractures may cause bony collapse

Loose bodies

No osteoporosis/osteopenia (no bone washout)

Joint involvement

First CMC

DIP—Heberden’s

Large joints—knee and hip

Luschka joint’s—uncinate process on the superior/lateral aspect of the cervical verte-
bral bodies (C3-C5) making them concave

TREATMENT

e Patient education

Weight loss

e PT/OT

ROM, strengthening exercises
Assistive devices
Joint protection and energy conservation

® Pharmacologic

NSAIDs

Acetaminophen

Narcotics—rare

Steroids

= Intra-articular may be beneficial in acute flares
= Oral steroids are contraindicated—not proven

Erosive X-Ray Changes

Osteoarthritis
* No erosive changes seen on X-ray

Rheumatoid Arthritis
¢ Marginal or central erosions seen on X-ray
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JUVENILE RHEUMATOID ARTHRITIS (JRA)

The most common form of childhood arthritis

Cause — unknown

ARA diagnostic criteria — JRA

Chronic arthritic disease in children

General criteria of diagnosis of JRA

Three clinical subtypes: systemic, polyarticular, pauciarticular

ARA Diagnostic Criteria for JRA

Onset less than 16 years of age

Persistent arthritis in one or more joints at least six weeks
Exclusion of other types of childhood arthritis—rheumatic fever,
infection, systemic lupus erythematosus(SLE), vasculitis, etc.
Type of onset of disease during the 1st six months classified as pol-
yarthritis, oligoarthritis, or systemic arthritis with intermittent fever

THREE CLINICAL SUBTYPES OF JUVENILE RHEUMATOID ARTHRITIS
Systemic “Still’s Disease” (approximately 10% of JRA)

® JRA- Poly or Oligoarthritis (Oligo—few)

Onset peak—1 to 6 years old, male:female equal
Persistent intermittent fever daily > 101° spikes daily or twice daily
Rash—transient, non-pruritic seen on the trunk
Clinically—multisystemic involvement

— Growth delay

— Osteoporosis, osteopenia

- Diffuse lymphadenopathy

— Hepatosplenomegaly

— Pericarditis

— Pleuritis

— Anemia

- Leukocytosis

— Tacute phase reactants

RF) (+): <2%

Uveitis rare

Polyarticular

® JRA—mild systemic manifestations

Females >> males, onset usually > 8 years old

Gradual onset of swelling, stiffness involving the cervical spine and hips
Growth retardation—early closure of the epiphyseal plates

Five or more joints involved during the first 6 months

RF (+): 5-10%
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RF (+) Polyarticular (only 5-10%) RF (-) Polyarticular (90-95%)

Females > 10 years old * 25% males < 6 years old
Erosive and chronic

Unremitting: This group has the worst

prognosis if disease is unremitting

Uveitis does not occur

Subcutaneous nodules

Pauciarticular

¢ JRA—oligoarticular
¢ Fewer than 4 joints during the first 6 months
o Knee is the most common joint involved, followed by ankle, wrist, elbows
* Hips usually spared, (-) Sacroilitis
e Two distinct types
¢ Early onset—females, < 5 years old
¢ Late onset—males
e (+) HLA B27
® RF positive (+) < 2% (Klippel, 1997)
e Antinuclear antibody (+) (ANA) have greater risk of eye involvement
e Chronic iridocyclitis—leads to cataracts, glaucoma, blindness
Key Points When diagnosed with
e (+) ANA, RF () Pauciarticular Rheumatoid Arthritis
e (+) HLA B27 ¢ Ophthalmology referral is mandatory
e Iridocyclitis ¢ Slit lamp exam is required four times per
e No erosions year, for four years
TREATMENT

Therapeutic Goals
— Relieving symptoms
— Maintaining ROM—two to three times per day
— Joint protection
— Family training
Pharmacologic
— Manifestations:
= NSAIDs with food and gastrointestinal (GI) protection
= Methotrexate—more commonly in systemic and polyarticular types
70% of children with JRA improve without serious disability (worst prognosis if polyartic-
ular with unremitting disease)
10% of children suffer severe functional disability
Poor prognosis indicators
- RF(+)
— Nodules
— Bone erosions on x-ray
Polyarticular group with unremitting disease
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e Treatment (Rapoff, Purviance, and Lindsley, 1988)
— Salicylates
— NSAIDs: tolmetin, naprosyn, ibuprofen (approved for kids)
Corticosteroids (preferably intra-articular)
— Orthosurgery (if severe)
Dz modifying agents: methotrexate, injectable gold, sulfasalazine (Stenger et al., 1998)

||
JUVENILE SPONDYLOARTHROPATHIES

DIAGNOSIS

* Many years to diagnose
* Symptoms before age of 16

CLASSIFICATION

¢ Spondyloarthropathies in childhood encompass four discrete clinical entities
— Juvenile Ankylosing Spondylosis (RF +, ANA +)
— Reiter’s Syndrome
— DPsoriatic Arthritis
— Enteropathic Arthropathy
¢ Since these diseases take many years to fully evolve and satisfy existing diagnostic criteria,
it is not uncommon for children to have symptoms but not satisfy full criteria for diag-
nosis. Because of this, it is suggested that spondyloarthropathies in children include
another syndrome, Seronegative Enthesopathy and Arthropathy (SEA)
¢ SEA Syndrome
- ) RF
- (©) ANA
— Enthesitis and either arthritis or arthralgia
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TABLE 3-4. Key Points of Juvenile Arthritides

JUVENILE RHEUMATOID ARTHRITIS

SYSTEMIC
Multisystemic
Involvement

POLYARTICULAR
Many joints

PAUCIARTICULAR

JUVENILE
SPONDYLO-
ARTHROPATHIES

RF(-) (~98%)

Still’s Disease

High fever

Rheum. rash
Lymphadenopathy
Hepatosplenomegaly
Anemia

RF(-) (90-95%)

No extraarticular
manifestations of
systemic onset dz.

Gradual onset of:
Swelling
Stiffness
+ cervical spine,
+ hip

Growth retardation
Early closure of
epiphyseal plates

*This group has the
worst progress when
disease is
unremitting

RF(-) (> 98%)
1-4 joint involvement

Few systemic effects

Chronic Iridocyclitis:
< 6 yrs. occurs in
20-40%; more
frequently with
Females. w/+ANA

Must have
ophthamology exam
four times/year

(+) HLA B27

(-) Bony erosions on
X-ray

* Ankylosing
Spondylosis (AS)

e Reiter’s

e Psoriatic arthritis

o Arthritis of

inflammatory bowel
disease

Presents like adult
spondylo-
arthropathies
(see below)

SEA Syndrome

-RF ()

- ANA (-)

— Enthesitis/ Arthritis/
Arthralgia

INFLAMMATORY ARTHRITIS

NONINFLAMMATORY ARTHRITIS

Acute painful onset

Infectious

Increase in WBC and ESR

Erythema, warmth and tenderness
Connective Tissue Disease (CTD) — SLE,
polymyositis/dermatomyositis, Progressive
Systemic Sclerosis (PSS), RA

Crystal — Gout and pseudogout

Seronegative spondyloarthropathies

Necrosis (AVN)
Traumatic

Joint tumors
Hemophilia

disease

Degenerative joint disease — OA, Avascular

Metabolic — hemochromatosis,
alkaptonuria, rheumatic fever, Wilson’s
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]
SERONEGATIVE SPONDYLOARTHROPATHIES

DEFINITION

* Group of multisystem inflammatory disorders affecting various joints, including the spine,
peripheral joints and periarticular structures

® Associated with extraarticular manifestations

® Majority are HLA B27 (+) and RF (-)

e There are four major seronegative spondyloarthropathies:

Ankylosing Spondylitis (AS)

Reiter’s Syndrome

— Psoriatic Arthritis

Arthritis of Inflammatory Bowel Disease

ANKYLOSING SPONDYLITIS
Definition

e Chronic inflammatory disorder of the axial skeleton affecting the sacroiliac joint and the
spine
¢ The hallmark is bilateral sacroiliitis

Epidemiology HLA B27 Positive Diseases

Ankylosing Spondylitis
Reiter’s Syndrome

Psoriatic Arthritis—HLA Cw6
Enteropathic Arthropathy
Pauciarticular JRA

® Onset — late adolescent and early adulthood
e Males >> Females

e More common in whites

e Genetic marker — (+) HLA-B27~ 90%

Mechanism

e Exact mechanism is unknown
e Synovitis and inflammation with intimal cell hyperplasia—lymphocyte and plasma cell
infiltrate

AS vs. RA

Both have synovial inflammation that can lead to destruction of articular cartilage and
ankylosis of the joint

Ankylosing Spondylitis Rheumatoid Arthritis

More common in males More common in females
Absence of rheumatoid nodules Presence of rheumatoid nodules
RF (-) RF (+) in 85% of cases
Prespinous calcification
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Clinical Manifestations

Skeletal Involvement

Sites of Involvement in AS
* 165l joint

¢ 2 — Lumbar Vertebrae

¢ 3 — Thoracic Vertebrae

¢ 4 — Cervical Vertebrae

Insidious onset, back pain or tenderness
in the bilateral SI joint

— First site of involvement is SI joint

— Initially asymmetric

Persistent symptoms of at least

three months

Lumbar morning stiffness that improves
with exercise

Lumbar lordosis—decreased and thoracic kyphosis—increased

Cervical ankylosis develops in 75% of the patients who have AS for 16 years or more
Lumbar spine or lower cervical is the most common site of fracture

Enthesitis (An inflammatory process ocurring at the site of insertion of muscle.)

— Tenderness over the ischial tuberosity, greater trochanter, ASIS, iliac crests.

e Hip and shoulder involvement more common in the juvenile onset, < 16 years old
® Respiratory restriction with limited chest expansion

(Normal is 7-8 cm, if < 7-8 cm, then risk of restrictive lung disease pattern)

Once restrictive lung disease pattern ensues:

— Chest expansion decreases

- Patient develops diaphragmatic breathing

— Thoracic spine involvement—costovertebral, costosternal, manubriosternal, sternoclav-
icular

Extraskeletal Involvement

Other complaints include—fatigue, weight loss, low-grade fever
Acute iritis /iridocyclitis — most common extraskeletal manifestation of AS
More progressive in Reiter’s syndrome:

— Unilateral, recurrent

— Pain, photophobia, blurred vision

Cardiac

— Aortitis leading to fibrosis

— Conduction defects

Apical pulmonary fibrosis

— May experience dyspnea and cough

Amyloidosis

Neurologic

- Cauda equina syndrome

— C1 to C2 subluxation

Lab Findings

(+) HLA-B27, 90%—(clinically: test to find HLA-B27 factor is expensive)
T ESR and C-Reactive Protein

Anemia—normochromic/normocytic

RF (-) and ANA (-)
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Radiographic Findings:

¢ SI Joint narrowing—Symmetric, may lead to fusion
* Pseudo-widening of the joint space
— Subchondral bone resorption—blurring
— Erosion sclerosis
- Calcification leading to ankylosis
* Bamboo spine
— Ossification of the anterior spinal ligament and ankylosis of the apophyseal joint
leading to complete fusion
e Syndesmophyte formation—Squaring of lumbar vertebrae’s anterior concavity
— Reactive bone sclerosis
— Squaring and fusion of the vertebral bodies and ossification of the annulus fibrosis at
the dorsolumbar and lumbosacral area
* Osteopenia—Bone wash-out
¢ Straightening of the C-spine
¢ Hip and shoulder involved to a lesser extent

Other Tests
* Schober Test Schober Test
— Used for detecting limitation of Posterior View

forward flexion and hyperextension of
the lumbar spine (Figure 3—4) \
10 cm ab ®
— While standing erect, place a landmark i”acc r:r:stove
midline at a point 5 cm below the iliac
crest line and 10 cm above on the

spinous processes. On forward flexion, lliac crest line < Ve
the line should increase by greater than / ( ) \
5 cm to a total of 20 cm or more (from 5 cm. below

15 cm) iliac crest \ ® /

— Any increase less than 5 cm is consid-
ered a restriction

Treatment ’

¢ Education
— Good posture
— Firm mattress, sleep straight—Supine or prone
— Prevent flexion contractures
e Physical Therapy
— Spine mobility—Extension exercises
— Swimming is ideal
- Joint protection
¢ Pulmonary—Maintain chest expansion
— Deep breathing exercises
— Cessation of smoking
® Medications
— NSAIDs—Indocin
= Control pain and inflammation
= Allow for physical therapy

FIGURE 3-4
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Corticosteroids—Tapering dose, PO and Injections
— Sulfasalazine
= Improves peripheral joint symptoms
= Modify disease process
— Methotrexate
Topical corticosteroid drops—Uveitis

REITER’S SYNDROME ~ 3%-10% of Reiter’s
Triad of Reiter’'s Syndrome progress to AS

1. Conjunctivitis
2. Arthritis
3. Nongonococcal urethritis

Epidemiology

Males >> females

Organisms — Chlamydia, Campylobacter, Yersinia, Shigella, Salmonella
More common in whites

Associated with HIV

Clinical Manifestations

Arthritis
e Arthritis appears 2 to 4 weeks after initiating infectious event—GU or GI
o Asymmetric
e Oligoarticular—average of four joints
- LE involvement >> UE
— More common in the knees, ankles, and small joints of the feet
— Rare hip involvement
— UE — Wrist, elbows, and small joints of the hand
* Sausage digits (dactylitis)
— Swollen tender digits with a dusklike blue discoloration
— Pain on ROM
e Enthesopathies—Achilles tendon
— Swelling at the insertion of tendons, ligaments, and fascia attachments
® Low back pain—Sacroilitis

Ocular
e Conjunctivitis, iritis, uveitis, episcleritis, corneal ulceration

Genitourinary
e Urethritis, meatal erythema, edema
e Balanitis Circinata—small painless ulcers on the glans penis, urethritis

Skin and Nails
e Keratoderma blennorrhagica—hypertrophic skin lesions on palms and soles of feet
e Reiter’s Nails—thickened and opacified, crumbling, nonpitting

Cardiac
e Conduction defects
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General

* Weight loss, fever
¢ Amyloidosis
Lab Findings

¢ Synovial fluid—inflammatory changes

Reiter’s Syndrome: Synovial Fluid
e Turbid

® Poor viscosity

¢ WBC 5-50,000-PMN

« T protein, normal glucose

¢ Increased ESR

e RF (-) and ANA (-)

* Anemia-normochromic/normocytic
e (+) HLA B27

Radiographic Findings

* “Lover’s Heel”—erosion and periosteal changes at the insertion of the plantar fascia and
Achilles tendons

e Ischial tuberosities and greater trochanter

¢ Asymmetric sacroiliac joint involvement

* Syndesmophytes

¢ Pencil in cup deformities of the hands and feet—more common in psoriatic arthritis

PSORIATIC ARTHRITIS

Prevalence
® ~5% to 7% of persons with psoriasis will develop some form of inflammatory joint disease
o Affects 0.1 % of the population
* Male: Female ratio is equal Psoriatic arthritis and HIV
* Age of onset ranges between 30-55 years ¢ Foot and ankle involvement is
® More common in whites most common and severe
® Associated with HIV > ¢ Treatment—Same as psoriatic.
— NO oral corticosteroids
Pathogenesis — First line-NSAIDs
— NO methotrexate
e Unknown

e Genetic—(+) HLA-B27
e Environmental—infectious, trauma
e Immunologic

Clinical Manifestations

Skin and Nails:
® Psoriatic skin lesions—erythematous, silvery scales
* Auspitz sign—gentle scraping of the lesions results in pinpoint bleeding
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e Located over the extensor surfaces
e Nail pitting

Arthritis
e Stiffness of the spine lasting ~ 30 min
e Asymmetric
¢ Oligoarticular and monoarticular
— Large joints — knee
— DIP involvement
= Arthritis mutilans—osteolysis of the phalanges and metacarpals of the hand resulting
in “Telescoping of the finger”
e Enthesopathy: Inflammation of the enthesis (insertion of ligament, tendon, joint capsule
and bone)
e Spondylitis, sacroilitis
Others
e Conjunctivitis—one-third
e Aortic insufficiency

Lab Findings

e Nonspecific—increased incidence in patients with +HLA-B27

Radiographic

“Pencil in Cup” appearance of the DIP
Asymmetric sacroilitis — fusion

“Fluffy Periostitis”—hands, feet, spine, and SI joint
Syndesmophytes—see AS Radiology

Bone erosion

Treatment

* ROM to all joints

* Do not abuse an inflamed joint — exacerbation

® Meds—similar to RA, PUVA (Iong wave ultraviolet A light)
e Steroids—oral steroids not proven, injection may help

ENTEROPATHIC ARTHROPATHY
Definition

* Arthritis secondary to inflammatory bowel disease (Crohn’s disease and ulcerative
colitis)
® Bacterial etiology

Epidemiology

* Males >> female
e Peripheral arthritis occurs in ~ 10% to 20% of the patients with Crohn’s disease and ulcer-
ative colitis
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Clinical Manifestations

— Enteropathic arthritis
- AS
e Sacroilitis

Asymmetric joint involvement
Synovitis affecting the peripheral joints
Monoarticular or polyarticular

Large joints—knees, ankles, feet
Two types of arthropathies can occur

e Peripheral arthritis will subside with remission of bowel disease

Extra-articular Manifestations

Erythema nodosa—Crohn’s
Pyoderma gangraenosa—ulcerative colitis

L]
L]
e Painful deep oral ulcers
e Uveitis

L]

Fever and weight loss during bowel episodes

Lab Test

Anemia
T ESR, C-reactive protein

(+) anti neutrophil cytoplasmic antibodies ~60% (antimyeloperoxidase)
Increase incidence of HLA-B27

* RF (-), ANA ()

TABLE 3-6. Seronegative Spondyloarthropathy Fact Sheet

2. Reiter’s Syndrome
3. Psoriatic Arthropathy

1. Anklyosing Spondyloarthropathy

4. Arthritis of Inflammatory Bowel Disease

The following are all Seronegative Spondyloarthropathies.

Arthritis of

All have the following Ankylosing Reiter’s Psoriatic | Inflammatory
characteristics: Spondyloarthropathy | Syndrome | Arthropathy |Bowel Disease
1. Increased incidence in
patients with (+) HLA-B27 I v I I
2. Mucocutaneous lesions I I V v
3. Frequent inflammation
of the enthesis v I v v
4. Spondylitis with SI joint
involvement I v I v
5. RF (-) »~ » v -
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CTD (CONNECTIVE TISSUE DISORDERS)
AND SYSTEMIC ARTHRITIC DISORDERS

MCTD: MIXED CONNECTIVE TISSUE DISORDERS

¢ Combination

1.
2.
3.

SYSTEMIC LUPUS ERYTHEMATOSUS

e Multisystemic disease, autoimmune * Any 4 of 11 criteria present
e Females > > > males ¢ Serially and simultaneously

SLE
Scleroderma
Polymyositis

Diagnosis of SLE

Criteria—American Rheumatologic Association (ARA)

1.
. Discoid rash—Raised erythematous patches with keratotic scaling

. Photosensitivity

. Oral ulcers—painless ulcers

. Arthritis—Nonerosive arthritis involving two or more peripheral joints with tender-

gl k= W N

Malar Butterfly rash—Malar eminences spares nasolabial folds

ness, swelling and effusion

6. Serositis—Pleuritis or pericarditis (most common cardiac event)
7. Renal disorder—Proteinuria, red cell casts
8. Neurologic disorder—Seizure, psychosis
9. Hematologic disorder—Hemolytic anemia, leukopenia, thrombocytopenia, lymphopenia
10. Immunologic—(+)LE cell preparation or Anti-DNA antibody, or Anti-SM, false positive
test for syphilis
11. ANA
Clinical
¢ Fatigue, fever, weight loss, GI complaints
* Alopecia
e Vasculitis
e Arthritis

Jaccoud’s Arthritis

* Nonerosive deforming arthritis

® Ulnar deviations of the fingers and sublux-
ations which are reversible early

* May become fixed

Small joints of the hands, wrist,
and knees

Symmetric

Migratory, chronic, nonerosive
Soft tissue swelling
Subcutaneous nodules
Synovial analysis—ANA (+)
Jaccoud'’s arthritis

e Arthralgias
® Muscle pain and weakness
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Labs

® Depressed complement—C3 and C4
e Ds-DNA
e Anti-SM

Treatment

* NSAIDs, corticosteroids, antimalarials, methotrexate, cyclophosphamide, azathioprine,
cyclosporine A

PROGRESSIVE SYSTEMIC SCLEROSIS (SCLERODERMA)
Progressive Chronic Multisystem Disease

¢ (Classified by the degree of skin thickening
¢ Fibrosis-like changes in the skin and epithelial tissues of affected organs
¢ Subsets:
— Diffuse Cutaneous Scleroderma
= Heart, lung, GI, kidney
s ANA(+)
= Anticentromere Antibody (-)
= Rapid onset after Raynaud’s phenomenon
= Variable course—poor prognosis
Limited cutaneous Scleroderma—CREST Syndrome
= Progression after Raynaud’s phenomenon
= Anticentromere Antibody (+)

Crest Syndrome
* Calcinosis

= Good prognosis * Raynaud’s phenomenon
- Overlap syndromes * Esophageal dysmotility
= Combinations of connective tissue disease *S ClerOd'aCtYl}’
— Undefined CTD ¢ Telangiectasia

= No clinical or laboratory findings
Localized scleroderma
= Morphea, linear scleroderma

Clinical

e Skin thickening—face, trunk, neck
e Symmetric arthritis with involvement of the fingers, hands, arm, legs
¢ Initial symptoms—Raynaud’s phenomenon with fatigue, and musculoskeletal complaints

Raynaud’s Phenomenon

e Vasospasm of the muscular digital Causes of Raynaud’s
arteries can lead to ischemia, * Collagen vascular disease—PSS,
ulceration of the fingertips SLE, RA, Dematomyositis/

¢ Triggered by cold and emotional stresses Polymy031t1s ) )

* Reversal of episode occurs after * Arterial occlusive disease
stimulus has ended—and digits rewarmed * Pulmonar.y HTN

¢ Present in 90% of patients with scleroderma * Neurologic—SCI, CVA

e Treatment * Blood dyscrasia
— Education against triggers—cold, smoking ¢ Trauma
— Rewarming * Drugs—ergots, beta blockers,
— Calcium channel blockers—nifedipine cisplatin

— EMG and biofeedback—self-regulation (Braunwald, et al., 2001)
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Treatment Eosinophilic Fascitis
® Rehabilitation ® Variant of PSS
* Maintain ROM—twice per day ¢ Precipitated by strenuous exercise
o T skin elasticity ¢ Exercise should be done in a nonin-
e Strengthening exercises flammatory state

¢ Pain and swelling

¢ Tx—Steroids

POLYMYOSITIS/DERMATOMYOSITIS

Striated muscle involvement with profound symmetrical weakness of the proximal muscles:

Shoulder and hip girdle
Anterior neck flexors
Pharyngeal involvement; dysphagia results

Five Types

TYPE 1—Primary idiopathic polymyositis; insidious onset

Weakness starts at the pelvic girdle — shoulder girdle — neck
Dysphagia/dysphonia

Remission and exacerbation common

Moderate-severe arthritis

— Atrophic skin over knuckles

TYPE II—Primary idiopathic dermatomyositis; acute onset

— Proximal muscle weakness, tenderness

— Heliotrope rash with periorbital edema

— Malaise, fever and weight loss

TYPE [II—Dermatomyositis or polymyositis; associated with malignancy—5% to 8%
— Male > 40 years old

- Poor prognosis

TYPE IV—Childhood dermatomyositis or polymyositis

- Rapid progressive weakness

— Respiratory weakness

- Severe joint contractures—more disabling in a child

TYPE V—Polymyositis or dermatomyositis; associated with collagen vascular disease

Clinical Features of Polymyositis/Dermatomyositis-Modified ARA Criteria

Symmetric proximal muscle weakness

— Hips first then the shoulders

— (+/-) respiratory muscle involvement

- Dysphagia

Muscle biopsy

— Perifascicular atrophy

— Evidence of necrosis of type I and II fibers

— Variation in fiber size

- Large nuclei

Elevation of muscle enzymes

— Increased aldolase creatinine kinase (CK), transaminases, LDH
EMG—Myopathic changes—positive sharp waves, fibrillation potentials and complex
repetitive discharges (CRD)

— Small, short polyphasic motor units, with early recruitment
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— Decreased amplitude
— Decreased duration
® Dermatologic features—Dermatomyositis
— Lilac heliotrope rash with periorbital edema
— Gottron’s papules—scaly dermatitis over the dorsum of the hand—MCP, PIP

Poor Prognostic Factors

e Old age

e Malignancy

¢ Cardiac involvement

® Delayed initiation of corticosteroid therapy

e Respiratory muscle weakness—aspiration pneumonia
e Joint contractures

Treatment

e Corticosteroids, second line—azathioprine or MTX
e ROM, isometric exercises
e Follow—serum enzymes and manual muscle strength

Juvenile Dermatomyositis

® Seen more commonly than polymyositis in children
Slight female preponderance

Heliotrope rash is a predominant feature

Presence of clumsiness is often unrecognized
Clinically—transient arthritis, elevated rash

80% to 90% respond well to corticosteroids

KEY POINTS OF ARTHRIDITIES

The following tables indicate in what circumstances ANA, RF and HLA-B27 are positive or
negative.

ANA AND RF

ANA RF

MCTD

RA

SLE

Scleroderma (PSS)

Polymyositis

+o+ |+ |+

Sjogren’s

(+) HLA-B27

e AS

e Reiter’s

e Psoriatic arthritis

¢ Enteropathy arthropathy
e Pauciarticular JRA
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]
VASCULITIS

POLYARTERITIS NODOSA

Systemic necrotizing vasculitis
Male:female ratio is 2:1

Small, medium artery involvement
Glomerulonephritis—#1 cause of death
Lungs spared

Skin—palpable purpura

Mononeuritis multiplex, arthritis

Also seen in:
e RA

e SLE

* Sjogren’s

GIANT CELL ARTERITIS: ALSO KNOWN AS TEMPORAL ARTERITIS (TA)

® More common in females > 50 years old
Large arteries

Headaches, abrupt visual loss in 15% of patients
Diagnosis: Elevated ESR, temporal artery biopsy

Polymyalgia Rheumatica (PMR)

Tenderness of the scalp and in the muscle of mastication

Treatment: High dose steroids imperative to prevent permanent visual loss

In view of clinical similarities between PMR patients with and without signs of arteritis
in a temporal artery biopsy, many authors believe that PMR is an expression of giant cell

arteritis

¢ Fever, weight loss, malaise

* Proximal muscles—neck, pelvic
Shoulder
Morning stiffness—muscle tenderness
Abrupt myalgias/arthralgia
Diagnosis: T ESR > 50
Treatment: steroids

WEGENER’S GRANULOMATOSIS

Small artery involvement

Male, middle aged

Necrotizing granulomatous vasculitis involving

— Upper/lower respiratory tract

— Focal segmental glomerulonephritis
“Saddle-nose” deformity

Pulmonary, tracheal, ocular, and cutaneous manifestation
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TAKAYASU

¢ Elastic large arteries—Aorta

* Asian females, 40 years old

e Erythema nodosum on the legs
e Pulselessness, arm claudication

BEHCET’S

¢ Small vessels
¢ Oral and genital skin ulcers
® 20% experience venous thrombosis

GOODPASTURE’S

¢ Pulmonary and kidney involvement

|
SJOGREN’S SYNDROME

Autoimmune-mediated disorder of the exocrine glands

CLINICAL PRESENTATION: (sicca symptoms)

® Dry eyes

¢ Dry mouth

e Skin lesions

e Parotid involvement

LABS: ANA (+), RF (+)

Classification: Primary and secondary forms
e Primary—Dry eyes and mouth with ANA (+) , RF (+)
* Secondary—sicca symptoms
— Sjogren’s syndrome plus evidence of SLE, RA, PSS, Polymyositis

EXTRAGLANDULAR MANIFESTATIONS

e Arthralgias
¢ Raynaud’s phenomenon
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]
ARTHRITIS AND INFECTIOUS DISORDERS

SEPTIC ARTHRITIS
Clinical Picture: Septic Arthritis

Rapid onset of moderate to severe joint pain, erythema, and decreased ROM
Monoarticular, leukocytosis

Knee is the most common joint

Risk factors—age, prosthetic joints, comorbidities such as anemia, chronic diseases,
hemophilia.

o N. gonorrhea — most common in adults

o Staph. aureus — most common in children

Children

Causes
e (Otitis, infected IV lines

Presentation

® Large joints, monoarticular

e Polyarticular infections

e Neonates and greater than two years: Staph. aureus and group B strep
e Six months to two years: H. influenza

Adults/Elderly

Causes
e In adults < 60 years of age, main cause is STD (sexually transmitted disease)
® > 60 years of age—source is commonly from another focus

Presentation
e N. gonorrhea—Most common form of acute bacterial arthritis

Rheumatoid Arthritis
e Staph. aureus

Most Common Organisms That Cause Septic Arthritis (by Age category)

Neonates 6 Mo-2 Yrs of Age Children > 2 Yrs Adults RA
Staph. aureus H. influenza Staph. aureus N. gonorrhea Staph. aureus
Group B Strep Group B strep

Diagnostic Approach

¢ Synovial fluid analysis—most important test
* Inflammatory
* Radiologic exam
¢ Plain films
Early: soft tissue swelling
Later: joint space narrowing, erosions, gas formation ( E. Coli)
* Bone scans
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Treatment

* Antibiotic coverage

¢ Frequent needle aspirations with arthroscopic lavage

TABLE 3-7. Joint Fluid Analysis

Property Normal Noninflammatory Inflammatory Septic
Viscosity High High Low Variable
Color Colorless Straw Yellow Turbid-Yellow
Clarity Transluscent Transluscent Transluscent Opaque
WBC <200 < 5000 1000-75000 > 100,000
PMN % <25 <25 > 50 > 85
Culture Negative Negative Negative Positive
Mucin clot Good Good Fair Poor
Glucose Equal to blood Equal to blood <50 mg/dl > 50 mg/dl
lower than lower than
blood blood

OTHER INFECTIOUS CAUSES OF ARTHRITIS

¢ Viral Infections—Rubella, infectious hepatitis
® Fungi—Seen in Immunocompromised adults

® Mycobacterium—tuberculosis of the spine (Pott’s disease)

— Thoracic involvement
- TB arthritis—Hips and knees
= Monoarticular
= Radiologic findings—Phemister’s triad
¢ Juxta-articular osteoporosis
¢ Marginal erosions
¢ Joint space narrowing
¢ Lyme Disease
— Tick borne—Borrelia burgdorferi
— Classic presentation
= Erythema migrans—bull’s eye rash
» Cardiac, neurologic, articular manifestations

- Intermittent migratory episodes of polyarthritis

— Commonly affects the knee
— Synovial fluid—Inflammatory
— Diagnosis—ELISA, Western blot analysis
- Management—TFirst-line antibiotics:
= Adults: Doxycycline
= Children: Amoxicillin
— Pattern of Onset:
= Bite
= Rash
= Systemic dz.
= Neurologic involvement




RHEUMATOLOGY = 119

]
DEPOSITION AND STORAGE DISEASE

HEMOCHROMATOSIS

Organ damage and tissue dysfunction secondary to excessive iron stores and the deposi-
tion of hemosiderin

Organs — Hepatic cirrhosis, cardiomyopathy, DM, pituitary dysfunction

Skin pigmentation

Chronic progressive arthritis

— Occurs commonly in second and third MCP, PIP joints. It may also affect the hip joints
Males ~40-50 years old

Treatment: Phlebotomy, NSAIDs

ALKAPTONURIA (OCHRONOSIS)

Autosomal recessive

Deficiency in the enzyme homogentisic acid oxidase leads to its increase

Alkalinization and oxidation causes darkening of tissue parts termed &4 ochronosis

— Blueish discoloration of the urine, cartilage, skin, sclera secondary to the accumulation
of homogentisic acid

Progressive degenerative arthropathy

— Onset—in the fourth decade

— Spinal column involvement

— Arthritis of the large joints, chondrocalcinosis, effusions, osteochrondral bodies

WILSON’S DISEASE

Autosomal recessive

Deposition of copper leads to destruction:

- Liver leading to cirrhosis

— Brain

Kidneys

— Ocular—Kayser-Fleischer rings

OA—wrists, MCP, knees, spine

Osteoporosis

Treatment: Copper chelation with penicillamine, dietary restriction

GAUCHER’S DISEASE

Autosomal recessive—Ashkenazi Jews

Glucocerebroside accumulates in the reticuloendothelial cells of the spleen, liver, and bone
marrow

Monoarticular hip and knee degeneration
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OTHER SYSTEMIC DISEASES

SARCOIDOSIS

Systemic chronic granulomatous disease—can affect any organ system
Pathogenesis: disseminated noncaseating granulomatous
Eight times more common in blacks, females > males
Clinical features:
— Pulmonary
- Hilar adenopathy
— Fever, weight loss, fatigue
— Arthritis: polyarthritis, 4-6 joints
» Knees, PIP, MCP, wrists
— Skin—Lofgren’s Syndrome
— Arthritis, Hilar adenopathy, Erythema nodosum

AMYLOIDOSIS

Homogeneous eosinophilic material seen with Congo red dye
Deposition of amyloid in the kidneys, liver and spleen
Clinical features:

Renal disease is primary clinical feature

Cardiomyopathy

Median neuropathy

Pseudoarthritis—periarticular joint inflammation
Effusions: Arthrocentesis—“Shoulder-pad” sign

HEMOPHILIA ARTHROPATHY

X-linked recessive disorder, predominately in males—associated with HIV 2° to transfu-
sions of factor and blood

Blood coagulation disorder caused by Factor VIII deficiency (classic hemophilia A) and
Factor IX deficiency (Christmas disease, hemophilia B)

Bleeding into bones and soft tissue causes hemarthrosis, necrosis and compartment syn-
drome

Elbow, knee, wrist are common

Arthritis is caused by the remaining blood in the joint depositing hemosiderin into the
synovial lining — proliferation of the synovium and pannus formation

Radiologic: Joint space narrowing, subchondpral sclerosis and cyst formation

Treatment: Conservative care (immobilization, rest, ice), Factor VIII replacement, reha-
bilitation, joint aspiration as a last resort

SICKLE-CELL DISEASE

Biconcave RBC changes to an elongated crescent sickle-shape causing obstruction of the
microvasculature
Musculoskeletal complications:
— Painful crisis—Most common event
s Abdomen, chest, back
= Pain in the large joints from juxta-articular bone infarcts with synovial ischemia
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— Dactylitis—"“Hand-Foot” Syndrome
= Painful non-pitting swelling of the hands and feet

— Osteonecrosis
= Local hypoxia with occlusion to the venous system by the sickled cells
= 1/3 femoral heads and 1/4 humeral heads go on to osteonecrosis

— Osteomyelitis—most commonly caused by Salmonella

||
NEUROPATHIC ARTHROPATHY (CHARCOT’S JOINT)

DEFINITION

Chronic progressive degenerative arthropathy, secondary to a sensory neuropathy with loss
of proprioception and pain sensation, leading to instability and joint destruction

CAUSES — “STD” “SKA” — SHOULDER, KNEE, ANKLE

¢ Syringomyelia — Shoulder
e Tabes dorsalis # 2 — Syphilis — Knee
¢ Diabetic Neuropathy — # 1 cause — Ankle

CLINICAL

e Early findings: Painless swelling, effusion and joint destruction
e Late findings: Crepitation, destruction of cartilage and bones, intra-articular loose bodies
¢ Subtle fractures

RADIOLOGIC

e Joint destruction

¢ Hypertrophic osteophytes

¢ Loose bodies caused by micro fractures

¢ Disorganization of the joint—Subluxation and dislocation

TREATMENT

¢ Immobilization
e Restriction of weight bearing

Charcot Joint vs. Osteoarthritis

May mimic OA early in the disease—
Both have:

® Soft tissue swelling

* Osteophytes

¢ Joint effusion

Charcot joints have:

* Bony fragments

e Subluxation

e Periarticular debris
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TABLE 3-8. Hip Pain in Children (Janig and Stanton-Hicks 1996; Kaggs and Tolo 1996; Koop
Quanbeck 1996; Jensen et al. 1990)

migration of the femoral
head from the
acetabulum
Acetabular dysplasia
Delayed ossification

Grade I: < 33%
Grade II: 33-50%
Grade III: > 50%

Congenital Slipped Capital Femoral Legg-Calve-Perthes
Hip Dislocation Epiphysis (SCFE) Disease (LCPD)
Definition Dislocated hip at birth Femoral head may slip, Idiopathic AVN of the
displacing it medially femoral head
and posteriorly in
relation to the shaft of
the femur at the level of
the proximal femoral
epiphysis
Present Birth 2:1 males: females Onset: 2-12 yrs old; if
13-16 yrs males onset is > 12 yrs old it is
11-13 yrs females considered AVN not
Bilateral involvement: LCPD
30-40% Boys >> girls
Majority—unilateral
Etiologic First born—tight uterine | Strain on the growth plate | Bone age low for age
Factors and abdominal During its growth spurt sec- results in short stature
musculature of mother ondaryto increased weight| Etiology unknown
Inhibits fetal movement Endocrinopathies linked| Linked w/hypothyroid
Breech position w/SCFE abnormality
Left hip > right Hypothyroidism—most
Hormonal factors common
More common in white Growth hormone
abnormalities
Down Syndrome
Physical Barlow’s Test—dislocation Pain and altered gait Mild to intermittent or no
Exam/ Start with hip in flexion Pain in the groin, medial pain
Signs and and abduction, then the thigh and knee Stiffness
Symptoms femoral head is Chronic Slip-most common | Painless limp— antalgic
dislocated on hip flexion | Loss of internal rotation— gait
and adduction when the hip is flexed it | Hip flexion contracture—
Ortolani’s Test—relocation rolls into external rotation | use Thomas test
Hip is relocated on hip Acute Slip Limitations in abduction
flexion and abduction Trauma, sudden onset of and internal rotation
pain on weight bearing | Disuse atrophy
Acute or Chronic Short stature
Chondrolysis
Erosion and degeneration
of the cartilage inflaming
the synovial membrane
on activity
Radiologic Not useful until 6 weeks | Must obtain AP and frog | Plain films and frog-leg
Findings Negative finding on x-ray leg position views of the pelvis
does not rule out a Grading based on degree | Chronological Sequence
dislocation of displacement of the | 1. Growth arrest—
Proximal and lateral epiphysis avascular stage

2. Subchondral fracture—
“Crescent sign”

3. Resorption

. Reossification

5. Healed

'S
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TABLE 3-8 (Continued)

To detect flexion contractures of the hip and evaluate range of hip flexion
1. Patient Supine, hand under lumbar region to stabilize—Flex hip
2. Notice where patient back touches hand
3. Flex one hip, then other as far as possible
4. Have patient hold one leg on chest, lower other leg flat

Indicators of fixed flexion contracture/deformity:
1. Hip does not extend fully
2. Pt. rocks forward, lifts thoracic region, or arches back to reform lordosis

Congenital Slipped Capital Femoral Legg-Calve-Perthes
Hip Dislocation Epiphysis (SCFE) Disease (LCPD)
Treatment e Goal—return the hip into| ® Bed rest—weight relief | 1. Eliminate hip pain
its normal position until | ¢ Prevention of further 2. Restoration of motion
there is resolution of the displacement 3. Prevent femoral head
pathologic changes e Surgery is the preferred collapse
¢ Closed Reduction— method of treatment— | Containment techniques
<6 mo Knowles pinning ¢ Permit weight bearing
e Position devices ¢ Nonsurgical—traction, of the femoral head to
Triple diapers body casts, hormonal assist healing and
Frejka pillows therapy remodeling
Splints: Craig, Von ¢ Greater than 6 years old
Rosen-Pavlik harness: ® Abduction braces
allows hip motion Petrie casts, Toronto
within the safe zone brace, Salter stirrup
while maintaining e Surgical—
abduction Epiphysiodesis
¢ Traction, casting, surgical Valgus Osteotomy
Complication| 1. AVN 1. Chondrolysis 1. AVN
2. AVN
3. OA
Thomas Test:

Acute Transient Synovitis

* Most common cause of hip pain in kids
¢ Self-limiting, preadolescent

¢ Good outcome

“Plastic Rags”
P—pancreatitis

L—lupus

A—alcohol
S—steroids
T—trauma

Cause of Avascular Necrosis

R—radiation
A—amyloid
G—Gaucher’s disease
S—sickle cell

I—idiopathic, infection
C—-caisson disease, collagen vascular disease
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]
FIBROMYALGIA SYNDROME (FMS)

CLINICAL FEATURES

¢ Diffuse aching stiffness and fatigue with multiple tender points in specific areas
— Headaches
— Neck and upper trapezius discomfort
— Upper extremity paraesthesias
— Fatigue—Ilack of sleep
e Females—20-60 years old
* May experience morning stiffness but it varies throughout the day
e Triggers may exacerbate symptoms:
1. Physical activity
2. Inactivity
3. Sleep disturbance
4. Emotional stress
® May be associated with Irritable Bowel Syndrome, RA, Lyme, hyperthyroidism

ARA CLASSIFICATION:

1. Widespread pain—pain in the left and right side of the | Classification
body above and below the waist. * Need to have satisfied
Axial involvement—Cervical, anterior chest, thoracic, both criteria
and low back ® Present at least three
2. Pain in 11-18 tender points (Figure 3-5) months

Bilateral involvement

Occipital, lower cervical, trapezius, supraspinatus, second rib, lateral epicondyle,
gluteal, greater trochanter, knee

FMS SHOULD BE DIFFERENTIATED FROM MYOFASCIAL PAIN SYNDROME
AND CHRONIC FATIGUE SYNDROME

Myofascial Pain Syndrome

e Local pain and tender points that resolves with local treatment, but may recur
e Fatigue, morning stiffness uncommon

Chronic Fatigue Syndrome

¢ Disabling fatigue at least six months
e Preceded by a viral syndrome

TREATMENT OF FMS

e Patient education and reassurance
e Nortriptyline—sleep disturbance
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NSAIDs and corticosteroids
Combination therapy is effective
Biofeedback, tender point injection
Acupuncture, aerobic exercise

Occiput ——— .4 g ¢ Low cervical

Trapezius
Second rib
Supraspinatus
Gluteal Lateral
Epicondyle
Greater
Trochanter
Knee

FIGURE 3-5. Fibromyalgia: Location of Specific Tender Points

||
COMPLEX REGIONAL PAIN DISORDER (CRPD)

OTHER NAMES

Sudeck’s atrophy

Algodystrophy

Shoulder hand syndrome

RSD: Reflex Sympathetic Dystrophy
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CHARACTERISTICS

e Limb pain, swelling, and autonomic dysfunction
® Most commonly caused by minor or major trauma

CLINICAL FEATURE

e Pain, deep burning exacerbated by movement
— Allodynia—pain induced by a nonnoxious stimulus
— Hyperalgesia—lower pain threshold and enhanced pain perception
® Local edema and vasomotor changes
— Extremity is warm, red, and dry initially
— Later becomes cool, mottled, and cyanotic
* Muscle weakness
¢ Dystrophic changes
— Thin, shiny skin, brittle nails

CLINICAL STAGES

1. Acute—few weeks—6 months
— Pain, hypersensitivity, swelling, and vasomotor changes
— Increased blood flow creating temperature and skin-color changes
— Hyperhidrosis
2. Dystrophic—3-6 months
— Persistent pain, disability, and atrophic skin changes
— Decreased blood flow, decreased temperature
— Hyperhidrosis
3. Atrophic
— Atrophy and contractures
— Skin glossy, cool, and dry

RADIOGRAPHIC FINDINGS

1. Plain radiographs
* Sudeck’s atrophy—patchy osteopenia, ground-glass appearance
2. Three-phase bone scan
e First two phases are nonspecific, osteoporosis
¢ Third phase—abnormal, with enhanced uptake in the peri-articular structures

TREATMENT

1. Immediate mobilization—Passive and active ROM, massage, contrast baths, TENS

2. Pain control—NSAIDs, narcotic

3. Inflammation—Corticosteroids, initial dose 60-80 mg/day qid dosing for two weeks then
gradual tapering the next two weeks

4. Cervical sympathetic ganglia block for the upper extremities, lumbar ganglion block for
the lower extremities

5. Surgical sympathectomy—if block is beneficial but transient



RHEUMATOLOGY = 127

TABLE 3-9. CRPD: Complex Regional Pain Disorder Children and Adolescents vs. Adults (Janig
and Stanton Hicks, 1995)

Children Adults
Site Lower extremity Upper extremity
Spontaneous pain | Common Common
Allodynia Most patients Most patients
Sex ratio Female:male 4:1 Mixed

Three-phase
bone scan

* Mixed results: Used to rule out other
pathology

® See decreased uptake of the extremity—
decreased atrophic changes

® Occasionally normal

¢ Will have increased uptake normally
secondary to bone growth

Increased uptake in the third
phase of the affected extremity

Treatment

Physical therapy alone
Noninvasive—TENS, Biofeedback
Meds—Tricyclic antidepressant
Blocks more common in the
upper extremity

Sympathetic blocks

Prognosis

Good

Poor

SYMPATHETIC AND NONSYMPATHETIC CRPD

Four tests used to determine if pain is sympathetically mediated; the first two are used more

commonly.

1. Sympathetic block with local anesthetic:
Local anesthetic is injected at the stellate ganglion (upper extremity) or the lumbar par-
avertebral ganglion (lower extremity). If relief, then suspect sympathetic etiology

2. Guanethidine test:

Injection of guanethidine into the extremity distal to a suprasystolic cuff. The test is posi-
tive if the pain is reproduced after injection and is immediately relieved after cuff is released

3. Pentolamine test:

IV pentolamine will reproduce the pain

4. Ischemia test:

Inflation of the suprasystolic cuff decreases the pain

TENDON DISORDERS

DUPUYTREN’S CONTRACTURE: (Snider, 1997) (Figure 3-6)

¢ Fibrous contracture of the palmar fascia creating a flexion contracture at the MCP and PIP

joints

® More common in white men ~50-70 years of age
® Associated with — epilepsy, pulmonary TB, alcoholism, diabetes mellitus
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Mechanism

e The palmar fascia is a continuation of the palmaris longus tendon attaching to the sides of
the PIP and middle phalanges

* The fascia is connected to the skin, as it contracts and fibroses, the skin dimples

e Contraction of the fibrous bands into nodules and the fingers develop a flexion contracture

Clinically

¢ Painless thickening of the palmar surface and underlying fascia
® Most commonly at the fourth and fifth digits

Treatment

* Nonoperative—Trypsin, chymotrypsin, lidocaine injection follow by forceful extension
rupturing the skin and fascia improving ROM

* Modalities—heating, stretching, ultrasound

® Surgical—fasciotomy, amputation

¢ Flexion contracture at the PIP and MCP joints of fourth and fifth digit
* Palmar surface
* Painless

FIGURE 3-6. Dupuytren’s Contracture. From Snider RK. Essentials of Musculoskeletal Care.
Rosemont, Illinois: American Academy of Orthopaedic Surgeons, 1997, with permission.

TRIGGER FINGER: “SNAPPING FINGER SENSATION” (Figure 3-7)

Tendon nodule locked proximal to pulley

FIGURE 3-7. Trigger Finger: With finger in extension, nodule is distal to the pulley. When finger is
flexed, the tendon locks proximal to the pulley. (Reprinted with permission of American Society for
Surgery of the Hand, from Snider RK. Essentials of Musculoskeletal Care. Rosemont, lllinois:
American Academy of Orthopaedic Surgeons, 1997, with permission.
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e Trauma to the flexor portion of the fingers pinching the flexor tendon within its synovial
sheath

Ligamentous sheath thickens and a nodule is formed within it

When the finger is flexed, the nodule moves proximally, re-extension is prevented

A locking sensation is felt or clicking when the nodule passes though the tendon sheath

MALLET FINGER

Most common extensor tendon injury (Snider, 1997)

Rupture of the extensor tendon into the distal phalanx secondary to forceful flexion
The DIP drops remains in a flexed position and cannot be extended actively
Treatment: Splinting to immobilize the distal phalanx in hyperextension

Acute—6 week

Chronic—12 weeks

e Surgical: poor healing, volar subluxation, avulsion > one third of bone

e N

FIGURE 3-8. Mallet finger caused by: Top: Rupture of the extensor tendon at its insertion. Bottom:
Avulsion of a portion of the distal phalanx.
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MUSCULOSKELETAL MEDICINE

UPPER EXTREMITIES—David P. Brown, D.O., Eric D. Freeman, D.O.,
and Sara Cuccurullo, M.D.
LOWER EXTREMITIES—David P. Brown, D.O., Eric D. Freeman, D.O.,
and Sara Cuccurullo, M.D.
SPINE—Ted L. Freeman, D.O. and Eric D. Freeman D.O.

[]
UPPER EXTREMITIES—SHOULDER REGION

FUNCTIONAL ANATOMY
Range of Motion (Figure 4-1)

e Flexion: 180°

e Extension: 60°

e Abduction: 180°

— Abduction of 120° is seen in normals with the thumb pointed down.
Adduction: 60°

Internal rotation: 90° (with arm abducted)

External rotation: 90° (with arm abducted)

A}
. i ABDUCTION
FORWARD | !
FLEXION 1
N ADDUCTION
60°
EXTENSION
,,,,,, HORIZONTAL
- FLEXION

°Q

EXTERNAL 4 INTERNAL s
ROTATION / _ ////\'m\ ROTATION
90° A Yoy f 90°
I, HORIZONTAL

EXTENSION

FIGURE 4-1. Shoulder Range of Motion.
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Shoulder Motion

Flexion (Figure 4-2)

Deltoid, anterior portion (axillary nerve from posterior cord, C5, C6)

¢ Pectoralis major, clavicular portion (medial and lateral pectoral nerve, C5, C6, C7, C8, T1)
e Biceps brachii (musculocutaneous nerve from lateral cord, C5, C6)

e Coracobrachialis (musculocutaneous nerve from lateral cord, C5, C6)

fAnterior deltoid

Clavicular head of
pectoralis major

L Coracobrachialis

Biceps brachii

POSTERIOR ANTERIOR

FIGURE 4-2. Arm Flexors (lateral view).

Extension (Figure 4-3)

¢ Deltoid, posterior portion (axillary nerve from posterior cord, C5, C6)

Latissimus dorsi (thoracodorsal nerve from posterior cord, C6, C7, C8)

Teres major (lower subscapular nerve from posterior cord, C5, C6)

Triceps long head (radial, C6, C7, C8)

Sternocostal portion of pectoralis major (medial and lateral pectoral nerve, C5, C6, C7, CS8,
T1)

Posterior deltoid

Long head of triceps

Teres major Sternocostal portion

of pectoralis major

Latissimus dorsi

POSTERIOR

ANTERIOR

FIGURE 4-3. Arm Extensors (lateral view).
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Abduction (Figure 4-4)
® Deltoid, middle portion (axillary nerve from posterior cord, C5, C6)
® Supraspinatus (suprascapular nerve from upper trunk, C5, C6)

Supraspinatus-—

Lataral daltoid

FIGURE 4-4. Arm Abductors (posterior view).

Adduction (Figure 4-5)

Pectoralis major (medial and lateral pectoral nerve, C5, C6, C7, C8, T1)
Latissimus dorsi (thoracodorsal nerve from posterior cord, C6, C7, C8)
Teres major (lower subscapular nerve from posterior cord, C5, C6)
Coracobrachialis (musculocutaneous nerve from lateral cord, C5, C6, C7)
Infraspinatus (suprascapular nerve from upper trunk, C4, C5, C6)

Long head of triceps (radial nerve from posterior cord, C6, C7, C8)
Anterior and posterior deltoid (axillary nerve from posterior cord, C5, C6)

_. Post. deltoid
Ant. deltoid -

Pectoralis major
- Long head

of triceps
Coracobrachialis —j-

— Teres major
— Latissimus dorsi

FIGURE 4-5. Arm Adductors. A. Posterior View. B. Anterior View.
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Internal (Medial) Rotation (Figure 4-6)

¢ Subscapularis (upper and lower subscapular nerve from the posterior cord, C5, C6)
® Pectoralis major (medial and lateral pectoral nerve, C5, C6, C7, C8, T1)

e Latissimus dorsi (thoracodorsal nerve from posterior cord, C5, C6)

® Deltoid, anterior portion (axillary nerve from posterior cord, C5, C6)

® Teres major (lower subscapular nerve from posterior cord C5, C6)

Ant. deltoid
Pectoralis major.
Teres major

Latissimus dorsi
Subscapularis

FIGURE 4-6. Major Medial Rotators of the Arm. A. Posterior View. B. and C. Anterior View.

External (Lateral) Rotation (Figure 4-7)

e Infraspinatus (suprascapular nerve from upper trunk, C5, C6)

¢ Teres minor (axillary nerve from posterior cord, C5, C6)

¢ Deltoid, posterior portion (axillary nerve from posterior cord, C5, C6)
® Supraspinatus (suprascapular nerve from upper trunk, C4, C5, C6)

= Post. deltoid
J \ Teres minor
/ \ | Infraspinatus

FIGURE 4-7. Major Lateral Rotators of the Arm (posterior view).
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Shoulder Girdle Complex: Glenohumeral Joint

Glenoid Fossa
Articulates with 30% of the humeral head

Labrum (Figure 4-8)

® The labrum is a redundant fibrocartilaginous fold of capsular tissue surrounding the
glenoid fossa

¢ This tissue deepens the fossa increasing the contact between the humeral head and glenoid
by roughly 70%

¢ Itserves as an attachment for the glenohumeral ligaments and tendons, and prevents ante-
rior and posterior humeral head dislocation

FIGURE 4-8. The Glenoid Labrum and Glenoid Fossa (lateral view).

Glenohumeral Capsule

¢ The capsule arises from the labrum and inserts on the neck of the humerus

e It covers the entire head of the humerus but is not quite adjacent to the glenoid fossa,
leaving a small space that separates the two (capsule from the fossa)

¢ The capsule thickens anteriorly to form the glenohumeral ligaments

Glenohumeral Ligaments (Figure 4-9)
¢ These ligaments arise from folds of the anterior portion of the capsule and reinforce the joint
¢ They provide stability and prevent translation of the head of the humerus from the glenoid
fossa
¢ They are composed of three segments, all located on the anterior aspect of the humeral head
1. Superior glenohumeral ligament
— Prevents translation in the inferior direction
— This along with the middle glenohumeral ligament provides stability of the shoulder
from 0-90° of abduction
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2. Middle glenohumeral ligament
— Prevents translation in the anterior direction
3. Inferior glenohumeral ligament
— The primary anterior ligament stabilizer above 90°

FIGURE 4-9. The glenohumeral ligaments (anterior view) depict a distinct Z pattern formed by the
superior glenohumeral ligament, the middle glenohumeral ligament, and the inferior glenohumeral
ligament. [Note: The opening for the subscapular bursa is variable.]

Shoulder Joint Stability

Dynamic Stabilizers (Muscles and Tendons)
® Surround the humeral head and help to approximate it into the glenoid fossa
1. Rotator cuff muscles (Figures 4-10, 4-11)
- “Minor S.I.T.S.”
= Supraspinatus
= Infraspinatus
= Teres minor
= Subscapularis
2. Long head of the biceps tendon, deltoid, and teres major

Static Stabilizers
¢ Include the articular anatomy, capsule, ligaments, as well as the glenoid labrum
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MEDIAL ROTATORS

Pectoralis major
Anterior deltoid

Subscapularis

Latissimus dorsi
Teres major

LATERAL
ROTATORS
Teres minor
Posterior deltoid
Infraspinatus

FIGURE 4-10. Right arm superior view: medial rotator; lateral rotators. This diagram depicts the
relation of the rotators to the upper end of the humerus.

Subacromial bursa

Opening into subacromial bursa

Superior glenohumeral
ligament

Tendons of tendon
rotator cuff

Middle
Infraspinatus glenohumeral ligament

Teres minor Biceps brachii

(short head)

Inferior glenohumeral ligament
Axillary nerve

Posterior circumflex humeral artery
Deltoid

\ Subscapularis

FIGURE 4-11. Right glenoid cavity of the scapula as viewed from the anteriolateral aspect. Note
four short rotator cuff muscles (teres minor, infraspinatus, supraspinatus, and subscapularis).
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]
SHOULDER DISORDERS

ACROMIOCLAVICULAR (AC) JOINT SPRAINS
General

Acromioclavicular Joint (Figure 4-12)
¢ Gliding joint that anchors the clavicle
® Disc between the two surfaces

Coracoclavicular ligament

F Trapezoid ligament

Conoid ligament

Clavicle Acromioclavicular joint

Acromion

Scapula Coracoacromial
ligament
Coracoid
\ | Process
Vo

FIGURE 4-12. Anterioposterior view of the acromioclavicular joint. Note the contribution of the
coraco-acromial ligaments to the inferior acromio-clavicular joint capsule.

Anatomy: Ligaments
1. Acromioclavicular (AC) ligament
e Connects the distal end of the clavicle to the acromion, providing horizontal stability
2. Coraco-clavicular (CC) ligament
¢ This ligament is made up of 2 bands: Conoid and trapezoid
¢ Connects the coracoid process to the clavicle, providing vertical stability
3. Coraco-acromial ligament
e Connects the coracoid process to the acromion

Mechanism of Injury
e A direct impact to the shoulder
e Falling on an outstretched arm
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Classification of AC Joint Separations (See Figure 4-13)

TABLE 4-1
Ligament | Acromioclavicular | Coracoclavicular Clavicular Displacement
Typel Partial sprain Intact None
Type 11 Complete tear Partial sprain None
Type III Complete tear Complete tear Superior
Type IV Complete tear Complete tear Posterior and superior
into the trapezius, giving
a buttonhole appearance
Type V Complete tear Complete tear Superior and posterior
More severe than type III with
coracoclavicular space increased
over 100%. This indicates disruption
of the deltoid and trapezius fibers.
Type VI Complete tear Complete tear Inferior
Clinical

¢ Patients generally complain of tenderness over the AC joint with palpation and range of
motion

¢ AC joint displacement with gross deformity occurs in the later stages and is usually seen
in a type III or greater

Provocative tests
® Cross-chest adduction
® Passive adduction of the arm across the midline causing joint tenderness

Imaging
* Weighted AP radiographs of the shoulders (10 Ibs)

— Type III injuries may show a 25% to 100% widening of the clavicular-coracoid area
— Type V injuries may show a widening > 100%

Treatment

® Depends on the degree of separation
Acute
* Types I and II
— Rest, ice, nonsteroidal anti-inflammatory (NSAIDs)
— Sling for comfort
— Avoid heavy lifting and contact sports
— Shoulder-girdle complex strengthening
— Return to play: When the patient is asymptomatic with full ROM
= Type I: 2 weeks
= Type II: 6 weeks
* Types III or greater: Controversial
— Conservative or surgical, depending on the patient’s need (occupation or sport) for
particular shoulder stability
— Surgical: For those indicated (heavy laborers, athletes)
— Generally, no functional advantage is seen between the two treatment regimens
* Types IV to VI
— Surgery is recommended: Open reduction internal fixation (ORIF) or distal clavicular
resection with reconstruction of the CC ligament
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Chronic AC joint pain
¢ Corticosteroid injection

* May require a clavicular resection and CC reconstruction
Complications

e Associated fractures and dislocations
e Distal clavicle osteolysis

— Degeneration of the distal clavicle with associated osteopenia and cystic changes

AC lig. sprain  CC lig. intact

AC lig. tear CC lig. sprain

TYPE | TYPEII

AC lig. tear AC lig. tear

CC lig. tear CC lig. tear

post. sup- displacement

TYPE Il

TYPE IV
AC lig. tear  CC lig. tear AC lig. tear
CC lig. tear

GoFBost displacermani

A displacamen

TYPE VI

FIGURE 4-13. Classification of AC Joint Separations (Anterior Views) (see Table 4—1 for description).
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e AC joint arthritis
— May get relief from a lidocaine injection and conservative rehabilitative care should
be sufficient

GLENOHUMERAL JOINT INJURIES (GHJ)
General

Glenohumeral joint type: Ball and socket
e Scapulothoracic motion or glenohumeral rhythm
— Balance exists between the glenohumeral and scapulothoracic joint during arm abduc-
tion
— There is a 2:1 glenohumeral: scapulothoracic motion accounting for the ability to abduct
the arm (60° of scapulothoracic motion to 120° of glenohumeral motion)
— The scapulothoracic motion allows the glenoid to rotate and permit glenohumeral
abduction without acromial impingement

Classification of GHJ Instability

Definitions

e Instability is a translation of the humeral head on the glenoid fossa without complete sep-
aration. It may result in subluxation or dislocation

¢ Subluxation is a separation of the humeral head from the glenoid fossa with immediate
reduction

¢ Dislocation is complete separation of the humeral head from the glenoid fossa without
immediate reduction

Direction of Instability
e Anterior glenohumeral instability
Most common direction of instability is anterior inferior
More common in the younger population and has a high recurrence rate
— Mechanism: Arm abduction and external rotation
— Complication may include axillary nerve injury
* Posterior glenohumeral instability
— Less common than anterior instability
— May occur as a result of a seizure
The patient may present with the arm in the adducted internal rotated position
— Mechanism: Landing on a forward flexed adducted arm
* Multidirectional Instability
— Rare with instability in multiple planes
— The patient may display generalized laxity in other joints

Patterns of Instability
e Traumatic: T.U.B.S.

T.U.B.S.

T- Traumatic shoulder instability
U- Unidirectional

B- Bankart lesion

S- Surgical management
(Rockwood, Green, et al. 1996)
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e Atraumatic: A.M.B.R.I.

AM.B.R.I.

A- Atraumatic shoulder instability
M- Multidirection instability

B- Bilateral lesions

R- Rehabilitation management

I- Inferior capsular shift, if surgery
(Rockwood, Green, et al. 1996)

Associated Fractures
¢ Anterior dislocations
1. Bankart lesion (Figure 4-14)
* Bankart lesion is a tear of the glenoid labrum off the front of the glenoid; this allows
the humeral head to slip anteriorly
® Most commonly associated with anterior instability
e This type of lesion may be associated with an avulsion of a small fragment of bone
from the glenoid rim
2. Hill-Sachs lesion (Figure 4-15)
* A compression fracture of the posterolateral aspect of the humeral head caused by
abutment against the anterior rim of the glenoid fossa
¢ Associated with anterior dislocations
* A lesion that accounts for greater than 30% of the articular surface may cause insta-
bility
* A notch occurs on the posterior lateral aspect of the humeral head due to the recur-
rent impingement
¢ Posterior dislocations
— Reverse Hill-Sachs lesion
— Reverse Bankart lesion

Glenoid

Bankart
lesion

FIGURE 4-14. Bankart Lesion. FIGURE 4-15. Hill-Sachs Lesion.
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Clinical

The dead arm syndrome:

® These symptoms include early shoulder fatigue, pain, numbness, and paresthesias

e Shoulder slipping in and out of place, more commonly when the arm is placed in the
throwing position (abducted and externally rotated)

¢ A syndrome of the shoulder and upper extremity usually seen in athletes (pitchers, vol-
leyball servers) who require repetitive overhead arm motion

¢ Laxity exam: Some patients are double jointed, which is a lay term for capsular laxity. Ask the
patient to touch the thumb against the volar (flexor) surface of the forearm. Patients with lax
tissues are more likely than others to be able to voluntarily dislocate the shoulder

Provocative Tests

Anterior Glenohumeral Instability
e Apprehension test (Figure 4-16)
— A feeling of glenohumeral instability on 90° of shoulder abduction and external rotation
causing apprehension (fear of dislocation) in the patient
* Relocation test
— Supine apprehension test with a posterior directed force applied to the anterior aspect of the
shoulder not allowing anterior dislocation. This force relieves the feeling of apprehension
* Anterior draw (load and shift)
— Passive anterior displacement of the humeral head on the glenoid

Posterior Glenohumeral Instability
e Jerk test
— Place the arm in 90° of flexion and maximum internal rotation with the elbow flexed 90°.
Adduct the arm across the body in the horizonal plane while pushing the humerus in a
posterior direction. The patient will jerk away when the arm nears midline to prevent
posterior subluxation or dislocation of the humeral head
* Posterior draw (load and shift)
— Posterior displacement of the humerus

FIGURE 4-16. Apprehension Test. Photo courtesy of JFK Johnson
Rehabilitation Institute, 2000.
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Multidirectional Glenohumeral Instability
* Sulcus sign (Figure 4-17)
— The examiner pulls down on the patient’s arm with one hand as he stabilizes the scapula
with the other. If an indentation develops between the acromion and the humeral head,
the test is positive. This suggests increased laxity in the glenohumeral joint

FIGURE 4-17. Sulcus Sign. Photo courtesy of JFK Johnson
Rehabilitation Institute, 2000.

Imaging

* General films
— Routine anteroposterior view (AP)
Scapular Y view
Axillary lateral view
» Assess glenohumeral dislocations
Others views
= West Point lateral axillary: Bankart lesions
= Stryker notch view: Hill-Sachs lesions

Treatment

Anterior Glenohumeral Instability (T.U.B.S.)
o Conservative
— Sling immobilization: Length of time is variable
— Rehabilitation
= Strengthening and range of motion of the shoulder-girdle complex should follow the
brief stage of immobilization
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= PROM (Pendulum-Codman’s exercises): Isometric exercises early in the recovery
course
Note: Muscle strengthening alone rarely prevents recurrent dislocations if there is suffi-
cient capsular laxity; thus surgery should be considered if rehabilitation fails in active indi-
viduals
® Surgical
Note: After a third dislocation, the risk for another approaches 100%. Surgery may then be
considered. In athletes or active individuals, surgery may be considered earlier

Posterior Glenohumeral Instability
e Conservative
— Immobilize in a neutral position for roughly three weeks
— Strengthening the posterior shoulder-scapula musculature is imperative
— Infraspinatus, posterior deltoid, teres minor
= This phase may last up to six months
® Surgical
— Rehabilitation generally is adequate for the majority of these patients. In the event of a
failed rehabilitation program, a posterior capsulorrhaphy is the surgical procedure of
choice

Multidirectional Glenohumeral Instability (AMBRI)

e Greater than 80% of the patients obtain excellent results with rehabilitation

e Surgical treatment may be an option only when conservative measures fail. At that time,
an inferior capsular shift may be indicated

Educating patients to avoid voluntarily dislocating the shoulder and to avoid positions of

known instability should be a part of the treatment program

GLENOID LABRUM TEARS

General

The labrum encircles the periphery of the glenoid fossa

Tendons (rotator cuff and biceps) insert on the labrum and, as a result, any tear or insta-
bility of the labrum may be accompanied by rotator cuff or biceps tendon pathology
Repetitive overhead sports (baseball, volleyball) or trauma are causative factors

e Tears may occur through the anterior, posterior, or superior aspect of the labrum

SLAP lesion

— Superior glenoid Labral tear in the Anterior to Posterior direction

— A tear encompasses the entire aspect of the glenoid labrum

Clinical
e Signs and symptoms are similar to that of shoulder instability (clicking, locking, pain)

Provocative Tests
* Load-and-shift test
— The examiner grasps the humeral head pushes it into the glenoid while applying an
anterior and posterior force. A positive test indicates labrum instability and is displayed
by excess translation

Imaging and Treatment

* The same as glenohumeral joint instability
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IMPINGEMENT SYNDROME AND ROTATOR CUFF TEAR

General

Impingement syndrome (Figure 4-18)

— Most likely the most common cause of shoulder pain

— A narrowing of the subacromial space causing compression and inflammation of the
subacromial bursa, biceps tendon, and rotator cuff (most often involving the
supraspinatus tendon)

— Impingement of the tendon, most commonly the supraspinatus, under the acromion
and the greater tuberosity occurs with arm abduction and internal rotation

— Impingement syndrome may progress to a rotator cuff tear (complete or partial)

— Stages of subacromial impingement syndrome
= Stage 1: Edema or hemorrhage—reversible (age < 25)
= Stage 2: Fibrosis and tendonitis (ages 25-40)
= Stage 3: Acromioclavicular spur and rotator cuff tear (Age > 40) (Miller, 2000)

Coracoacromial

Acromioclavicular ligament
(AC) joint / Coracoid

- process

Acromion ..
\\\

FIGURE 4-18. Anatomy of the Shoulder; Anterior View. Reprinted with permission from Snider
RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic
Surgeons, 1997.

* Rotator cuff tear

Etiology
— The rotator cuff is composed of four muscles (Figure 4-19):
1. Supraspinatus
2. Infraspinatus
3. Teres minor
4. Subscapularis
— These muscles form a cover around the head of the humerus whose function is to rotate
the arm and stabilize the humeral head against the glenoid
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— Rotator cuff tears occur primarily in the supraspinatus tendon which is weakened as a
result of many factors including injury, poor blood supply to the tendon, and subacro-
mial impingement

— May be as a result of direct trauma or an end result from chronic impingement. This
injury rarely affects people < 40 years of age

Supraspinatus
muscle

Supraspinatus muscle

Rotator

Teres minor )
muscle Biceps

Subscapularis
muscle

FIGURE 4-19. Rotator Cuff Muscles: Posterior View (Left); Anterior View (Right). Reprinted with per-
mission from Snider RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of
Orthopaedic Surgeons, 1997.

Acromion Morphology and Its Association to Rotator Cuff Tears (Figure 4-20)

The anatomic shape of the patient’s acromion has been linked with occurrence rates of rotator
cuff tears—patients with curved or hooked acromions have a higher risk of rotator cuff tears
e Type I — flat

e Type Il — curved

e Type Il - hooked

(Brown and Neumann, 1999)

O

Type | Type ll Type lll

FIGURE 4-20. Three types of acromion morphology.
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Clinical

* Pain during range of motion, specifically in repetitive overhead activities, such as:

Throwing a baseball

Swimming (occurs at the catch phase of the overhead swimming stroke)
» Mechanism: flexion, abduction, internal rotation

= More common strokes: freestyle, backstroke, and butterfly

m Less common stroke: breast stroke

e Supraspinatus and biceps tendons are commonly affected secondary to their location
under the acromion

Patients may feel crepitus, clicking, catching on overhead activities

Pain may be referred anywhere along the deltoid musculature

Weakness in forward flexion, abduction, and internal rotation indicating impingement
(Hawkins sign)

Inability to initiate abduction may indicate a rotator cuff tear

Pain may be nocturnal. Patients often report having difficulty sleeping on the affected side
Tenderness over the greater tuberosity or inferior to the acromion on palpation
Atrophy of the involved muscle resulting in a gross deformity at the respective area,
usually seen in chronic tears

Provocative Tests
e Impingement test

Neer’s impingement sign (Figure 4-21)

» Stabilize the scapula and passively flex the arm forward greater than 90° eliciting pain

» Pain indicates the supraspinatus tendon is compressing between the acromion and
greater tuberosity

FIGURE 4-21. Neer’s Impingement Sign.
Photo courtesy of JFK Johnson Rehabilitation
Institute, 2000.
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— Hawkins Impingement Sign (Figure 4-22)
= Stabilize the scapula and passively forward flex (to 90°) the internally rotated arm
eliciting pain
= A positive test indicates the supraspinatus tendon is compressing against the cora-
coacromial ligament

FIGURE 4-22. Hawkins Impingement Sign.
Photo courtesy of JFK Johnson Rehabilitation
Institute, 2000.

— Painful arc sign
= Abducting the arm with pain occurring roughly between 60-120°
* Rotator cuff tests
— Supraspinatus test
» Pain and weakness with arm flexion abduction and internal rotation (thumb
pointed down)
= With abduction the humerus will naturally externally rotate. In assessing the
integrity of the supraspinatus, the patient should internally rotate the humerus,
forcing the greater tuberosity under the acromion. In this position, the maximum
amount of abduction is to 120°
— Drop arm test
= The arm is passively abducted to 90° and internally rotated
= The patient is unable to maintain the arm in abduction with or without a force applied
= Initially the deltoid will assist in abduction but fails quickly
= This indicates a complete tear of the cuff
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Imaging

e Plain films (AP)
- Impingement
= Cystic changes in the greater tuberosity
— Chronic rotator cuff tear
= Superior migration of the proximal humerus
= Flattening of the greater tuberosity
= Subacromial sclerosis
e Supraspinatus outlet view (15° caudal tilt for a transcapular Y view) (Figure 4-23)
— Assess acromion morphology
MRI is the gold standard to evaluate the integrity of the rotator cuff
— Full thickness tears and partial tears can be delineated
— Gadolinium may be added to evaluate the labrum
Arthrogram
- Beneficial in assessing full thickness tears but unable to delineate the size of the tear
or partial tears; should not be used in patients who have allergies to dyes
Ultrasound: Operator dependent

FIGURE 4-23. Radiograph of the Rotator Cuff: 15—20° Angled View. Reprinted with permission from
Snider RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic
Surgeons, 1997.

Treatment

Impingement, chronic-partial and full tears
o Conservative: Rehabilitation
— Acute phase (up to 4 weeks)
= Relative rest: Avoid any activity that aggravates the symptoms
= Reduce pain and inflammation
= Modalities: Ultrasound iontophoresis
= Reestablish nonpainful and scapulohumeral range of motion
= Retard muscle atrophy of the entire upper extremity
— Recovery phase (months) (up to 6 months)
= Improve upper extremity range of motion and proprioception
= Full pain-free ROM
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= Improve rotator cuff (supraspinatus) and scapular stabilizers
= Assess single planes of motion in activity related exercises
— Functional phase
= Continue strengthening increasing power and endurance (plyometrics)
= Activity-specific training
= Corticosteroid injection: Only up to three yearly
= May weaken the collagen tissue leading to more microtrauma
® Surgical
— Indications
= Full thickness or partial tears that fail conservative treatment
= Reduction or elimination of impingement pain is the primary indication for surgical
repair in chronic rotator cuff tears. The patient should be made aware that restoration
of abduction is less predictable than relief of pain
— Partial tears (< 40% thickness)
= Procedure: Partial anterior acromioplasty and coracoacromial ligament lysis (CAL)
— Partial tears (> 40% thickness)
= Excise and repair
— Acute rotator cuff tears (i.e., athletes/trauma)
= Statistics show that surgical repair of an acute tear within the first three weeks results
in significantly better overall function than later reconstruction

DEGENERATIVE JOINT DISEASE OF THE SHOULDER (FIGURE 4-24)
General

e Destruction of the articular cartilage and narrowing of the joint space

e Arthritis may occur at the glenohumeral or acromioclavicular joint

e [tis also seen in rheumatoid arthritis, posttraumatic lesions, chronic rotator cuff pathology,
seronegative spondyloarthritis, Lyme disease and more

FIGURE 4-24. Degenerative Joint Disease of the Shoulder. Reprinted with permission from Snider
RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic
Surgeons, 1997.
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Clinical

¢ Limitations and pain on active and passive range of motion affecting their ADLs

* Pain more commonly in internal rotation of the shoulder but may also be seen with
abduction

¢ Manual muscle testing (MMT) may or may not be affected depending on the severity of
the disease

¢ Pain may be nocturnal and relieved by rest

¢ Tenderness on palpation on the anterior and posterior aspects of the shoulder

Imaging

e AP view: Internal and external rotation and 40° of obliquity
¢ Axillary view
¢ Changes seen on X ray include

Irregular joint surfaces

Joint space narrowing (cartilage destruction)
Subacromial sclerosis

Osteophyte changes

Flattened glenoid

Cystic changes in the humeral head

Treatment

e Conservative

— Decrease pain and inflammation

— NSAID, Corticosteroid injection
e Rehabilitation

— Range of motion and rotator cuff strengthening
® Surgical

— Total shoulder arthroplasty (TSA)

m Indications

+ Pain
+ Avascular necrosis
+ Neoplasm

s Goals

+ Relieve pain, protect joint, and restore function
Stage 1: (0-6 weeks)
A Precautions: status post TSA: avoid active abductions and extension > 0°, sling
immobilization, no external rotation > 15°, no active ROM, NWB
A Treatment: Pendulum exercises, isometrics (progressing), gentle passive and
active ROM, such as wall-walking
Stage 2: (6-12 weeks)
4 Precautions: Discontinue sling, start light weights
A Treatment: Isotonics, AAROM, AROM
Stage 3: (Greater than 12 weeks)
A Treatment (previous ROM precautions cancelled)
Start progressive resistive exercises, active ranging, stretching
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— Shoulder arthrodesis
= Definition
+ A surgical resection and fusion of the shoulder (glenohumeral) joint
+ Typical patient is a young heavy laborer with repetitive trauma to the shoulder
= Indications
+ Severe pain in the shoulder secondary to osteoarthritis
+ Mechanical loosening of a shoulder arthroplasty
+ Joint infection
u Fusion position
+ Abduction—50°
+ Forward flexion—30°
+ Internal rotation—50°

BICEPS TENDONITIS AND RUPTURE
General (Figure 4-25)

Tendonitis

¢ Inflammation of the long head of the biceps tendon at the insertion on the greater tuberosity

* The tendon may be impinged between the head of the humerus, acromion and coraco-
clavicular ligaments with elevation and internal rotation of the arm

Rupture (Figure 4-26)

® The common site of rupture is at the long head of the biceps tendon at the proximal end
e Distal rupture is rare

e Seen in adults greater than 40 years old with a history of impingement syndrome

* Associated with rotator cuff tears in the elderly

Origin of long head Rupture N

Origin of
) J short head

|/

Long head — Short head
of biceps | of biceps

FIGURE 4-26. Rupture of the Biceps
Tendon (Rupture is better appreciated on
attempted contraction). Reprinted with per-
mission from Snider RK. Essentials of
Musculoskeletal Medicine. Rosemont IL,
FIGURE 4-25. Anterior Muscles of the American Academy of Orthopaedic

Right Arm. Surgeons, 1997.

Brachialis
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Clinical

¢ Point tenderness in the bicipital groove (Figure 4-27)
* Positive impingement signs if associated with impingement syndrome
e Sharp pain, audible snap, ecchymosis and visible bulge in the lower arm (rupture)

FIGURE 4-27. Point Tenderness of Biceps Tendon in
Bicipital Groove. Reprinted with permission from Snider
RK. Essentials of Musculoskeletal Medicine. Rosemont
IL, American Academy of Orthopaedic Surgeons, 1997.

Provocative Tests
¢ Biceps tendonitis
— Yergason'’s test (Figure 4-28)—This test determines the stability of the long head of the
biceps tendon in the bicipital groove
= Pain at the anterior shoulder with flexion of the elbow to 90° and supination of the
wrist against resistance

FIGURE 4-28. Yergason’s Test.
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— Speed’s test
m Pain at the anterior shoulder with flexion of the shoulder, elbow extended, and
supinated against resistance
® Biceps rupture
— Ludington’s test (see Figure 4-26)
= An obvious deformity seen with flexion of the biceps muscle

Imaging

¢ None specific

Treatment

¢ Tendonitis
— Conservative treatment is appropriate for most patients
- Range of motion and strengthening as tolerated
Modalities
— Injection into the tendon sheath
® Rupture
— It is not indicated for the tendon to be reattached in most patients
— Biceps tenodesis: Younger individuals who require heavy lifting may need reattachment
— Some patients may request reattachment of biceps tendon for cosmetic reasons

CALCIFIC TENDONITIS OF THE SUPRASPINATUS TENDON

General

e Calcium deposits most commonly involving the supraspinatus tendon
e Size of the deposit has no correlation to the symptoms

Clinical

e A sharp pain in the shoulder

Imaging

e AP X-ray of the shoulder will show calcium deposits usually at the site of tendon insertion

Treatment

e Symptoms will improve with subacromial injection and physical therapy
e Surgical treatment is rare and reserved for patients with severe pain and inability to
perform ADLs

ADHESIVE CAPSULITIS (FROZEN SHOULDER) (Figure 4-29)

General

Definition
¢ Inflammation of the shoulder joint (glenohumeral)
e Painful shoulder with restricted glenohumeral motion

Etiology
e Unknown
* May be: Autoimmune, trauma, inflammatory
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FIGURE 4-29. Genohumeral Joint in Frozen Shoulder. Note contracted soft tissue. Reprinted with
permission from Snider RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American
Academy of Orthopaedic Surgeons, 1997.

Stages

¢ Painful stage: Progressive vague pain lasting roughly 8 months

e Stiffening stage: Decreasing range of motion lasting roughly 8 months

¢ Thawing stage: An increase of range of motion with decrease of shoulder pain

Pathology
* Synovial tissue of the capsule and bursa become adherent
* More common in women over the age of 40 years
® Associated with a variety of conditions:
— Intracranial lesions: CVA, hemorrhage, and brain tumor
— Clinical depression
— Shoulder-hand syndrome
— Parkinson’s disease
— latrogenic disorders
— Cervical disc disease
— Insulin dependent diabetes mellitus
- Hypothyroidism

Clinical

e Pain, with significant reduction in range of motion both actively and passively

Imaging

¢ Plain films (AP)—indicated to rule out underlying tumor or calcium deposit

¢ Osteopenic, otherwise normal plain films are indicated in patients whose pain and motion
do not improve after 3 months of treatment

¢ Arthrography will demonstrate a decreased volume in the joint, which can be realized by
the small amount of contrast (Iess than 5 ml) that can be injected
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Treatment

¢ Rehabilitation
— Restoring passive and active range of motion
Decreasing pain
Corticosteroid injection: Subacromial and glenohumeral will decrease pain to maximize
therapy
Home program: Stretches in all ranges of motion
— Modalities: Ultrasound and electrical stimulation
® Surgical
— Manipulation under anesthesia (MUA) may be indicated if there is no substantial
progress after 12 weeks of conservative treatment
— Arthroscopic lysis of adhesions—usually reserved for patients with IDDM who do not
respond to manipulation

SCAPULA FRACTURES (Figure 4-30)
General

Mechanism

e Scapular fractures commonly occur in association with other serious injuries; therefore, the
diagnosis is easily missed on initial exam

¢ Direct blow to the shoulder usually after a significant traumatic event (MVA, motorcycle
accident)

¢ Associated with other significant injuries: Rib fractures, pulmonary pathology (contu-
sions, pneumothorax)

Fracture sites: Glenoid, glenoid rim, coracoid, scapular neck and body, acromion

Coracoid

Acromion

Glenoid rim

Scapular neck

Body

FIGURE 4-30. Scapula Fracture Patterns. Reprinted with permission from Snider RK. Essentials of
Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic Surgeons, 1997.
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Clinical

¢ Tenderness over the scapular and acromial region

Imaging

e Plain films: AP, lateral (scapular Y), and axillary views
e CT scan

Treatment

¢ Closed treatment is adequate for nondisplaced fragments: sling, followed by early ROM
exercises as tolerated, usually within 1 to 2 weeks after injury

* ORIF: Large displaced fragments

* Note: Patients with isolated scapular body fractures should be considered for hospital
admission due to the risk of pulmonary contusion

CLAVICULAR FRACTURES
General

e (Classification
— Fracture location: Proximal, middle, and distal thirds

Clinical

¢ Pain in the shoulder region
* May or may not have an obvious deformity

Imaging
e Plain films: AP

Treatment

¢ Generally, most clavicular fractures can be treated conservatively

* > 1 cm displacement of lateral clavicle fractures at the AC joint are best treated surgically
¢ Closed reduction and figure eight sling immobilization

e Immobilization may range from 3 to 6 weeks depending on the age

* Progressive range of motion may be initiated after three weeks of immobilization

* Displacement of lateral clavicle fractures at the AC joint are best treated surgically

PROXIMAL HUMERUS FRACTURES (Figure 4-31)
General

Four-Part Classification: (Snider, 1997)
The four parts include:
- Greater tuberosity
Lesser tuberosity
- Head
— Shaft
¢ A portion must be angulated by 45° or displaced at least one centimeter to be considered
a fragment
¢ If the fracture is nondisplaced, it is considered a one part
— One part: Nondisplaced, impacted fractures
— Two part: One fragment is displaced in reference to the other three
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— Three part: Two fragments are displaced
— Four part: All fragments are displaced
¢ Common locations for fractures include:
— Greater tuberosity
— Lesser tuberosity
- Surgical neck (most common)
— Anatomical neck

b |
1-part fracture 2-part fracture 3-part fracture 4-part fracture

FIGURE 4-31. Displaced Proximal Humerus Fracture Patterns (Neer Classification). Reprinted with
permission from Snider RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American
Academy of Orthopaedic Surgeons, 1997.

Clinical

e Typically occurs in elderly women with osteoporosis after a fall

e Pain, swelling and ecchymosis in the upper arm, which is exacerbated with the slightest
motion

o In fracture at the surgical neck, the supraspinatus is the principle abductor, i.e., the
supraspinatus causes abduction of the proximal fragment of the humerus

® Loss of sensation is seen if there is neurologic involvement

¢ Diminished radial pulse if the fracture compromises the vascular supply

Treatment

® One part: Nondisplaced, less than 1 cm apart
— Early range of motion
— Conservative: Sling immobilization and early rehabilitation (6 weeks)
— AROM, pendulum exercises as early as tolerated
— Greater than 1 part [displaced greater than 2 cm (2 part)]
e Surgical: ORIF (Open Reduction Internal Fixation)

Complications
® Neurovascular
- Brachial plexus injuries
. Axillary nerve is involved in surgical neck fractures
= Radial and ulnar nerves may be affected as well
= Median nerve is the least affected
= Axillary artery compromise may be evident depending on the site of injury
— Avascular necrosis of the humeral head may occur with anatomic neck fractures sec-
ondary to interruption of the humeral circumflex vasculature
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]
UPPER EXTREMITIES—ELBOW REGION

FUNCTIONAL ANATOMY
Elbow Joint Articulations

e Humeroulnar joint
e Humeroradial joint
e Proximal radioulnar joint

Range of Motion

e Flexion: 135°

e Extension: 0-5°
e Supination: 90°
e Pronation: 90°

Elbow Motion

¢ Flexion (Figure 4-32)
— Brachialis (musculocutaneus nerve, lateral cord, C5, C6, C7)
— Biceps brachii (musculocutaneus nerve, lateral cord, C5, C6)
— Brachioradialis (radial nerve, posterior cord, C5, C6, C7)
— Pronator teres (median nerve, lateral cord, C6, C7)

* Extension (Figure 4-33)
— Triceps (radial nerve, posterior cord, C6, C7, C8)
— Anconeus (radial nerve, posterior cord, C7, C8, T1)
® Supination (Figure 4-34)
— Supinator [posterior interosseus nerve (radial) posterior cord, C5, C6]
— Biceps brachii (musculocutaneus nerve, lateral cord, C5, C6)
® Pronation (Figure 4-35)
— Pronator quadratus [anterior interosseus nerve (median), C7, C8, T1]
— Pronator teres (median nerve, lateral cord, C6, C7)
— Flexor carpi radialis (median nerve, lateral cord, C6, C7)

Elbow Ligaments (Figure 4-36)

e Medial (ulnar) collateral ligament (MCL)

— Key stabilizer of the elbow joint (anterior band)
e Lateral (radial) collateral ligament (LCL)
e Annular ligament

— Holds the radial head in proper position

Common Muscle Origin of the Elbow Joint

e Medial epicondyle of the humerus
— Flexor carpi radialis
— Flexor carpi ulnaris
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Long head
of biceps

Brachicradialis

Humerus

Triceps
lateral
head

Triceps
long

head

Common tendon

Triceps triceps

medial

head LalteraJ
epicondyle

Ulna
Anconeus

FIGURE 4-32. Elbow Flexors.
(Anterior View)

FIGURE 4-33. Elbow Extensors.
(Posterior View)

Biceps
brachii

Brachioradialis

Ext. carpi radialis

Pronator teres

' ~
Brachioradialis
' ' Flexor carpi radialis
g’ Palmaris longus
* i
iU

i
A1
I Pronator quadratus
U g

FIGURE 4-34. Forearm Supinators.
(Dorsal View)

FIGURE 4-35. Forearm Pronators.
(Volar View)
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Lateral

ligament

Radial
collateral
ligament

Annular
ligament

Radius~/

FIGURE 4-36. Elbow Ligaments (Anterior View of Right Elbow).

Flexor digitorum superficialis
— Flexor digitorum profundus
Palmaris longus
— Pronator teres
* Lateral epicondyle of the humerus
— Extensor carpi radialis longus
Extensor carpi radialis brevis
— Extensor carpi ulnaris
Extensor digitorum superficialis
Supinator
— Anconeus

Mechanics of the Elbow: Carrying Angle

e The anatomic valgus angulation between the upper arm and forearm when the arm is fully

extended

e [t allows for the arm to clear the body when it is extended and supinated
e Normal carrying angle (from anatomical position)

— Males 5° of valgus
— Females 10-15° of valgus
— Angle > 20° is abnormal

Elbow Arthrodesis

¢ Indications

— Arthritis

— Failed surgical procedure
¢ Fusion position

— Unilateral: flexion—90°

— Bilateral: flexion—110° in one arm and 65° for the other
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]
ELBOW DISORDERS

MEDIAL EPICONDYLITIS
General

Synonyms
e Golfer’s elbow
e Little leaguer’s elbow (children)

Mechanism

* A repetitive valgus stress more commonly seen in the throwing motion of a pitcher (espe-
cially in the late cocking and acceleration phase) (Figure 4-37)

¢ The back and downward motion of a golf swing just prior to the impact of the ball

Pathology
e Medial epicondylitis
- Inflammation of the common flexor tendon, which may cause hypertrophy of the
medial epicondyle
e Little leaguer’s elbow
— Hypertrophy of the medial epicondyle leading to microtearing and fragmentation of the
medial epicondylar apophysis

FIGURE 4-37. Throwing Mechanism. A: Cocking Phase. B: Acceleration Phase (Early).
C: Acceleration Phase (Late). D: Follow-through.
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Clinical

¢ Tenderness over the medial epicondyle

e Pain may be reproduced with wrist flexion and pronation
Imaging

e None needed

Treatment

¢ Conservative

— Rest, ice, NSAIDs, immobilization

— Activity and modification of poor throwing mechanics
¢ Surgical pinning

— Reserved for an unstable elbow joint

Biomechanics of throwing a baseball—four phases:
¢ Cocking phase

* Acceleration early

¢ Acceleration late

¢ Follow-through

LATERAL EPICONDYLITIS
General

Synonyms
¢ Tennis elbow

Mechanism
e Sports that require repetitive movements
e Overuse and poor mechanics lead to an overload of the extensor and supinator tendons
e Poor technique with racquet sports
— Improper backhand
— Inappropriate string tension
— Inappropriate grip size

Pathology
e Microtearing of the extensor carpi radialis brevis

CLINICAL

e Tenderness just distal to the lateral epicondyle at the extensor origin
e Pain and weakness in grip strength

Provocative test
U Cozens test (Figure 4-38)

— The examiner stabilizes the elbow with a thumb over the lateral epicondyle. Pain in the
lateral epicondyle is seen with patient making a fist, pronating the forearm, radially
deviating and extending the wrist against resistance by the examiner. (The test may be
more sensitive when done in full extension at the elbow) (Figure A).

— Passive extension of the elbow with forced flexion of the wrist may precipitate pain at
the lateral epicondyle (Figure B).
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Imaging

e None needed
e Plain films of the elbow: Rule out
arthritis and loose body fragments

Treatment

¢ Conservative

Relative rest, ice, NSAIDs for 10-14
days

Physical therapy (modalities)
Splinting, bands

— Corticosteroid injection A
— Correct improper technique
¢ Operative
— ECRB debridement
OLECRANON BURSITIS (Figure 4-39)
General
Synonyms
— Draftsman’s elbow
— Student’s elbow
— Miner’s elbow
Mechanism
— Repetitive trauma, inflammatory dis- B
order (gout, pseudogout, RA)
Pathology FIGURE 4-38. Cozens Test.
— Inflammation of the bursa located
between
the olecranon and skin
Clinical o
* Swelling, pain, and a decreased range of , ~.
motion in the posterior aspect of the elbow o Swollen
* A hot, erythematous elbow may Pl : olecranon
e 1. ;! . | bursa
indicate infection ‘

Imaging

e None needed /

FIGURE 4-39. Olecranon Bursitis.
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Treatment

e Aspiration of fluid and send it for culture if indicated
¢ Conservative: Rest, NSAIDs, elbow padding

DISLOCATION OF THE ELBOW
General

* The most common type of dislocation in children and the second most common type in
adults, second only to shoulder dislocation

* Young adults between the ages of 25-30 years are most affected and sports activities
account for almost 50% of these injuries

* Mechanism: Fall on the outstretched hand

Clinical

¢ Dislocation can be anterior or posterior with posterior being the most common, occurring
98% of the time (Figure 4—40)

® Associated injuries include fracture of the radial head, injury to the brachial artery and
median nerve

Symptoms

¢ Inability to bend the elbow following a fall on the outstretched hand

e Pain in the shoulder and wrist

® On physical exam: The most important part of the exam is the neurovascular evaluation of
the radial artery, and median, ulnar and radial nerves

Imaging

¢ Plain AP and lateral radiographs
e CT and MRI scans are seldom necessary

FIGURE 4-40. Posterior Dislocation of the Elbow.
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Treatment

¢ Reduce dislocation as soon as possible after injury
¢ Splint for 10 days
e Initiate ROM exercises, NSAIDs

Adverse Outcomes

Loss of ROM of elbow especially extension
Ectopic bone formation

Neurovascular injury

Arthritis of the elbow

DISTAL BICEPS TENDONITIS
General

Mechanism
¢ Overloading of the biceps tendon commonly due to repetitive elbow flexion and supina-
tion or resisted elbow extension

Pathology
* Microtearing of the biceps tendon distally

Complication
¢ Biceps tendon avulsion
Clinical

¢ Insidious onset of pain in the antecubital fossa usually after an eccentric overload
¢ Audible snap with an obvious deformity, swelling, and ecchymosis if an avulsion is sus-
pected

Imaging

e None needed

Treatment

Conservative

Relative rest, ice, NSAIDs
Physical therapy: Modalities
Correct improper technique
Surgical: Reattachment

TRICEPS TENDONITIS/AVULSION
General

Mechanism
* Tendonitis: Overuse syndrome secondary to repetitive triceps extension
* Avulsion: A decelerating counterforce during active elbow extension



168 m MUSCULOSKELETAL MEDICINE

Clinical

e Posterior elbow pain with tenderness at the insertion of the triceps tendon

e Pain with resistive elbow extension

* Sudden loss of extension with a palpable defect in the triceps tendon (avulsion)
Imaging

e Plain films to rule out other causes, if indicated

Treatment

e Conservative

e Surgical: Reattachment

VALGUS EXTENSION OVERLOAD SYNDROME OF THE ELBOW
General

Synonyms
e Boxer’s elbow

Mechanism

* An overuse disorder caused by repetitive and uncontrolled valgus forces demonstrated
during the throwing motion, especially in late acceleration and deceleration

¢ Also may be seen in boxers

Pathology

® Osteophyte and loose body formation occurs secondary to a repetitive abutment of the ole-
cranon against the fossa

Clinical

¢ Posterior elbow pain with lack of full extension

¢ Catching or locking during elbow extension

Imaging

¢ Plain films: AP/lateral may show a loose body or osteophyte formation at the olecranon

Treatment

e Conservative

¢ Surgical: Removal of the loose body

ULNAR COLLATERAL LIGAMENT (UCL) SPRAIN
General

Mechanism
¢ A repetitive valgus stress occurring across the elbow during the acceleration phase of
throwing

Pathology
¢ Inflammation to the anterior band of the ulnar collateral ligament
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Clinical

¢ Significant medial elbow pain occurring after the throwing motion
¢ A pop or click may be heard precipitating the pain
* Medial pain or instability on valgus stress with the elbow, flexed 20-30° if the UCL is torn

Provocative Test
¢ Valgus stress test
— Tenderness over the medial aspect of the elbow which may be increased with a valgus
stress

Imaging

¢ Plain films may reveal calcification and spurring along the UCL
® Valgus stress radiographs demonstrating a 2 mm joint space suggestive of UCL injury

Treatment

Conservative

Rest, ice, NSAIDs

Rehabilitation program for strengthening and stretching
Establishing return-to-play criteria

Surgical reconstruction if needed

RADIAL COLLATERAL LIGAMENT (RCL) SPRAIN
General

Mechanism
e Elbow dislocation from a traumatic event

Clinical

* Recurrent locking or clicking of the elbow with extension and supination
e Lateral pain or instability on varus stress with the elbow flexed 20-30° if the RCL is torn

Provocative test
e Varus stress test
— Tenderness over the lateral aspect of the elbow, which may be increased with a varus
stress
e Lateral pivot-shift test
— Assess the RCL for posterolateral instability

Imaging

* Varus stress radiographs demonstrating a 2 mm joint space suggestive of RCL injury

Treatment

¢ Conservative
— Rest, ice, NSAIDs
— Rehabilitation program for strengthening and stretching
— Establishing return to play criteria

¢ Surgical reconstruction if needed
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PRONATOR SYNDROME (Also see EMG/Nerve and Muscle Chapter)
General

Mechanism

* Median nerve compression at the elbow by the following structures
Ligament of Struthers or supracondylar spur

Lacertus fibrosis

Pronator teres muscle

Between the two heads of the flexor digitorum superficialis (FDS)

Clinical

¢ Dull aching pain in the proximal forearm just distal to the elbow
* Numbness in the median nerve distribution of the hand
¢ Symptoms exacerbated by pronation

Imaging

¢ EMG/NCS
¢ Plain films: Rule out spur

Treatment

¢ Conservative
— Modification of activities
— Avoid aggravating factors
— Stretching and strengthening program
¢ Surgical: Release of the median nerve at the location of the compression

ENTRAPMENT OF THE ULNAR NERVE (Also see EMG/Nerve and Muscle chapter)

General

Synonyms
¢ Cubital tunnel syndrome
Mechanism

¢ A hypermobility of the ulnar nerve, excessive valgus force or loose body/osteophyte for-
mation, which aggravates the integrity of the ulnar nerve at the elbow

Pathology
¢ Hyperirritability of the ulnar nerve
Clinical

* An aching pain with paraesthesias, which may radiate distally to the fourth and fifth digits

¢ Positive Tinel’s sign at the elbow

¢ Positive Froment’s sign

¢ Weakness in the ulnar musculature of the hand, demonstrated by a weak grip strength and
atrophy and poor hand coordination

Imaging
e EMG/NCS above and below the elbow
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Treatment

¢ Conservative
* Relative rest, NSAIDs, elbow protection (splinting) and technique modification

OSTEOCHONDROSIS DISSECANS OF THE ELBOW

General

Synonyms

e Panner’s disease (involving epiphysial aseptic necrosis of the capitellum)
Clinical

¢ Tenderness and swelling on the lateral aspect of the elbow
¢ Usually seen in young boys
¢ Limited extension seen on ranging

Imaging

¢ Plain films: Sclerosis, patchy areas of lucency with fragmentation

Treatment

¢ Conservative: Immobilization, then gradual range of motion

FRACTURE OF THE HUMERAL SHAFT
General
¢ Fairly common—constituting up to 5% of all fractures

Mechanism:
e MVA—direct trauma
e Fall on outstretched arm

Clinical

* Severe arm pain and swelling and deformity
are characteristic of a displaced fracture of the
humerus

e (I If the radial nerve has been injured,
patients will exhibit a radial nerve palsy
(Figure 4-41)

Imaging

¢ AP and lateral X rays—Confirm diagnosis

Treatment

e Humeral shaft fractures can be treated conser-
vatively (i.e., splint for 2 weeks)

o Special problem associated with humeral FIGURE 4-41. Radial Nerve Entrapment
shaft fracture is radial nerve injury at the Humeral Shaft Fracture Site.
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e Note: 95% of patients will regain their nerve function within 6 months. During this period
of observation patient should wear a splint, work with a therapist, and EMGs are indicated
if radial nerve function does not return

FRACTURE OF THE DISTAL HUMERUS
General

Classification—can be complex, the most useful way to consider them is displaced or nondis-
placed. A displaced fracture involves one or both condyles, and the joint surface may or may
not be involved (Figure 4-42).
e Complications

— Neurovascular injury

— Nonunion

— Malunion

— Elbow contracture
Poor range of motion

Clinical

® The patient will demonstrate swelling, ecchymosis, and pain at the elbow
e Inability to flex the elbow

¢ Inspect for an obvious deformity

e Examine the neurovascular status

Imaging

e Plain films: AP/lateral of the elbow

Treatment

® Orthopedic referral; displaced fractures—except severely comminuted fractures—required
open reduction. Nondisplaced fractures can be treated by splinting and early motion

FIGURE 4-42. A. Distal Humerus: Non-displaced Condylar
Fracture. B. Distal humerus: Displaced Intercondylar Fracture.
Reprinted with permission from Snider RK. Essentials of
Musculoskeletal Medicine. Rosemont IL, American Academy of
Orthopaedic Surgeons, 1997.
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RADIAL HEAD FRACTURE
General

Dislocations of the elbow are commonly associated with radial head fractures (Figure 4-43)
Classification: A commonly used classification separates these fractures into three types:
¢ Type I: Nondisplaced

¢ Type II: Marginal radial head fracture, minimal displacement

¢ Type III: Comminuted fracture

Clinical

¢ Fall on an outstretched arm causing pain, swelling, ecchymosis around the elbow

¢ Pain and decreased range of motion in elbow flexion and extension, pronation, and supination
Imaging

e Plain films of the elbow

Treatment—Orthopedic Referral

¢ Type I (nondisplaced): Conservative
— Short period of immobilization approximately 3 to 5 days followed by early range of
motion
¢ Type II (minimal displacement)
— Surgical fixation: Greater than 2 mm displacement or 30% radial head involvement
¢ Type III: Surgical

Type |

FIGURE 4-43. Radial Head Fracture Classification. Reprinted with permission from Snider RK.
Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic
Surgeons, 1997.
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FRACTURE OF THE OLECRANON
General

Mechanism

e Direct blow to the elbow

¢ Fall on the elbow with the elbow flexed

e Fall on an outstretched arm in association with a dislocation

Classification

e Nondisplaced

e Displaced

Clinical

¢ Swelling and ecchymosis with an obvious deformity

¢ Pain on gentle range of motion

* Numbness and paresthesias with radiation distally to the fourth and fifth digits with ulnar
nerve involvement

Imaging

¢ Plain films: A/P lateral and oblique

Treatment

e Nondisplaced: Conservative (immobilization)
¢ Displaced: Surgical

||
UPPER EXTREMITIES—WRIST REGION

FUNCTIONAL ANATOMY
Range of Motion at the Wrist (Figure 4—44)

Flexion: 80°
Extension: 70°

Ulnar deviation: 30°
Radial deviation: 20°

FIGURE 4-44. Wrist Range of Motion Terminology.
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Carpal Bones (Figure 4-45)

® Proximal row: “Some Lovers Try Positions”
Scaphoid
Lunate
Triquetrum
- Pisiform
¢ Distal row: “That They Can’t Handle”
Trapezium
Trapezoid
Capitate
Hamate

Wrist Flexion (Fig. 4-46)

Flexor carpi radialis (medial nerve, lateral cord, C6, C7)

Flexor carpi ulnaris (ulnar nerve, medial cord, C8, T1)

Palmaris longus (median nerve, C7, C8)

Flexor digitorum superficialis (median nerve, C7, C8, T1)

Flexor digitorum profundus (median nerve, C7, C8, T1 to second and third digit, ulnar
nerve, C7, C8, T1 to fourth and fifth digit)

¢ Flexor pollicis longus (median, C8, T1)

flexor carpi
radialis

flexor carpi
ulnaris

palmaris longus
{cut)

flexor digitorum
superficialis

flexor digitorum
profundus
flexor pollicus
longus

i

{

i

FIGURE 4-45. Palmar View—Bones of the FIGURE 4-46. Wrist Flexors.
Wrist and Hand.
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Wrist Extension (Figure 4-47)

¢ Extensor carpi radialis longus (radial
nerve, posterior cord, C6, C7)

¢ Extensor carpi radialis brevis (radial
nerve, posterior cord, C6, C7)

e Extensor carpi ulnaris (radial nerve, pos-
terior cord, C7, C8)

¢ Extensor digitorum (radial nerve, C7, 8)

e Extensor digiti minimi (ulnar nerve, C8,
T1)

e Extensor indicis (radial C6, C7, C8)

¢ Extensor pollicis longus (radial nerve,
Ce6,C7,C8)

Ulnar deviation of the wrist (adduction)

¢ Flexor carpi ulnaris (ulnar nerve, medial
cord, C8, T1)

e Extensor carpi ulnaris (radial nerve, pos-
terior cord, C7, C8)

Radial deviation of the wrist (abduction)

e Flexor carpi radialis (medial nerve,
lateral cord, C6, C7)

¢ Extensor carpi radialis longus (radial
nerve, posterior cord, C6, C7)

Extensor Compartments of the Wrist
(Figure 4-48)

¢ First Compartment

— Abductor pollicis longus

— Extensor pollicis brevis
Second Compartment

— Extensor carpi radialis longus
— Extensor carpi radialis brevis
Third Compartment

— Extensor pollicis longus
Fourth Compartment

- Extensor digitorum communis
— Extensor indices proprius
Fifth Compartment

— Extensor digiti minimi

Sixth Compartment

— Extensor carpi ulnaris

extensor carpi
radialis longus

extensor
carpi
ulnaris

extensor carpi
radialis brevis

extensor

extensor digitorum

digiti

minimi extensor
pollicis
longus

extensor indicis

FIGURE 4-47. Wrist Extensors.

FIGURE 4-48. Extensor Tendons with the
Six Tendon Sheath Compartments (Dorsum of
the Wrist).
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]
WRIST DISORDERS

ARTHRITIS
General

Types:
* Rheumatoid arthritis
— Autoimmune attack on the synovial tissue destroying the articular cartilage leading to
bone destruction
¢ Osteoarthritis
— Noninflammatory disorder with deterioration of the articular cartilage and formation of
new bone at the joint margins

Clinical

* Rheumatoid arthritis
— Swelling of the joints of the hand and wrist (MCP and PIP joints)
— Ulnar deviation of the wrist
— Dorsal subluxation of the ulna
— Erosion of the ulnar styloid at the end stage
— Swan-neck deformity: Shortening and contracture of the intrinsic muscles of the hand
causing:
= Flexion of the MCP
= Hyperextension of the PIP
= Flexion of the DIP
— Boutonniere deformity: Tearing of the extensor hood causing:
= Hyperextension of the MCP
= Flexion of the PIP
= Hyperextension of the DIP
¢ Osteoarthritis
— Heberden’s and Bouchard’s nodules involving the DIP and PIP, respectively
— Tenderness along the area of involvement and crepitus with wrist ranging
= Common in the first CMC joint of the thumb
— Cyst formation in the joint space

Imaging

e Plain films of the wrist and digits

Treatment

e Conservative

DEQUERVAIN’S TENOSYNOVITIS
General

Mechanism

e Repetitive or direct trauma to the sheath of the extensor pollicis brevis and abductor pol-
licis longus tendons causing a tenosynovitis and inflammation

* Involvement of the first compartment of the wrist
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Clinical

e Pain and tenderness on the radial side of the wrist associated with movement

¢ Edema and crepitus may also be present

Provocative Test
¢ Finkelstein’s test (Figure 4-49)

— Thumb is flexed into the palm of the
hand with the fingers making a fist
over the thumb

— The examiner ulnar deviates the wrist,
if this produces pain the test is posi-
tive and diagnostic for deQuervain’s

Imaging

e None needed

Treatment

¢ Conservative
— Immobilization of the thumb in a
thumb spica splint
- NSAIDs
— Corticosteroid injection
® Surgical

GANGLION CYST (Figure 4-50)

General

Mechanism

¢ Cystic structure that arises from the synovial
sheath of the joint space. Synovial fluid enters the
cavity

Clinical

* Small smooth mass on the dorsal and volar aspect
of the wrist

* Pain may occur with ranging the wrist or slight
pressure

Imaging

e Plain films of the wrist

Treatment

¢ Immobilization
* Aspiration of the cyst (90% recurrence)
¢ Surgical removal if needed (10% recurrence)

FIGURE 4-49. Finkelstein’s Test.

FIGURE 4-50. Wrist Ganglion.
Reprinted with permission from
Snider RK. Essentials of
Musculoskeletal Medicine.
Rosemont IL, American Academy of
Orthopaedic Surgeons, 1997.
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OSTEONECROSIS OF THE LUNATE (Figure 4-51)
General

Synonyms
e Kienbdck’s disease

Mechanism
¢ An idiopathic loss of blood supply to the lunate, which causes a necrosis of the bone and
collapsing that results in degenerative changes in the wrist

Etiology
¢ The exact etiology is unidentified and is thought to be caused by trauma (repeated stress
or fracture)
e Poor vascular supply to the area
¢ Short ulnar variance
— Patients with a short ulna are thought to have an increased incidence of osteonecrosis of
the lunate as compared to normal individuals. This is secondary to the increased shear
forces that are placed on the lunate

Clinical

e Ulnar-sided pain, stiffness, and swelling over the dorsal aspect of the wrist directly over
the lunate

® Reduced grip strength

Imaging

¢ Plain films: May see a compression fracture, flattening, or sclerosis of the lunate

* Bone scan: Increase, uptake

® MRI: Decreased signal intensity (T1)

Treatment

® Orthopedic referral

o RS

No visible change in the lunate Sclerosis of the lunate

(Stage 1) (Stage 2)

e W
VAT

Sclerosis and fragmentation of Stage 3A with proximal migration Stage 3A or 3B combined with
the lunate (Stage 3A) of the capitate or fixed rotation of degenerative changes at adjacent
the scaphoid (Stage 3B) joints

FIGURE 4-51. Kienbdck’s Disease Classification. Reprinted with permission from Snider RK.
Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic Surgeons,
1997.
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SCAPHOID FRACTURE

General

e One of the most common fractures of the wrist

Mechanism
¢ A fall or blow on a hyperextended (dorsiflexed) wrist

¢ Osteonecrosis of the bone may develop secondary to its poor blood supply

¢ The majority of the blood supply is to the distal one-third of the bone. Therefore, the
middle and proximal portion of the bone have a large nonunion rate (one-third developing

Classification: Anatomical
location (Figure 4-52)

Complications

osteonecrosis)

Tubercle (2%)
Distal pole (10%)
Waist (65%)
Proximal pole (15%)

Osteonecrosis, which may
lead to carpal bones collapse
(scapholunate) if not treated

\

Proximal Fracture Fracture

Pole

Waist 4

correctly
. Distal Fracture / Tuberosital
Clinical Body Fracture
e Swelling and tenderness in the
areas of the thumb and wrist FIGURE 4-52. Anatomic location of Scaphoid Fractures.

(anatomical snuff box)
Anatomic snuff box: Borders (Figure 4-53)
— Base: Scaphoid bone

- Lateral: Abductor pollicis longus and extensor pollicis brevis

— Medial: Extensor pollicis longus

Imaging

Plain films: PA and oblique view of the wrist
in ulnar deviation with comparisons of the
opposite side if needed. Repeat in two
weeks if no fracture is seen initially

Treatment

A fracture may or may not be visualized ini-
tially on imaging, therefore, a patient with
tenderness in the area of the anatomical
snuff box has a fracture until proven other-
wise and should be treated accordingly
Depending on the location of the fracture,
regarding which pole (proximal, middle or
distal) is involved, will indicate how long
immobilization with casting should occur

FIGURE 4-53. Anatomic Snuffbox.
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e Nondisplaced fracture < 2mm
— Immobilization of the wrist in a long thumb spica cast for 6 weeks with the wrist in a
neutral position
— At 6 weeks, change to a short thumb spica cast if the plain films show proper healing
— If poor healing occurs at this time, surgical stabilization may be indicated
¢ Displaced fracture > 2mm
— Surgical vs immobilization

FRACTURE OF THE DISTAL RADIUS
General

Types
¢ Colles’ fracture (Figure 4-54A)
— Most common type of fracture
— Fracture of the distal radius with dorsal angulation
¢ Smith fracture (Figure 4-54B)
— Fracture of the distal radius with volar angulation
— Reverse Colles’

Clinical

¢ Acute pain, swelling at the wrist usually after a fall on an outstretched arm
Imaging

¢ Plain films of the wrist and hand: AP and lateral

Treatment

e Orthopedic referral for closed reduction depending on the location, degree of displace-
ment, and reproducibility

g@@% -

A. Colles’ Fracture

B. Smith Fracture

FIGURE 4-54. A: Colles’ Fracture (Note Radial Dorsal Angulation). B: Smith Fracture.
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]
UPPER EXTREMITIES—HAND REGION

FUNCTIONAL ANATOMY
Bones of the Hand (Figure 4-55)

e Eight carpal bones

¢ Five metacarpals

e Fourteen phalanges
— Five proximal
— Four middle (not located in the thumb)
— Five distal

Tendon Function “Pulley System”

¢ Extensor system
— Extensor digitorum communis inserts in
the terminal portion of digits 2 to 5
* Flexor system
— Two-tendon pulley system made up of
the flexor digitorum profundus and
superficialis (Figure 4-56)

FIGURE 4-55. Dorsal View—Bones of the
Wrist and Hand.

Short Short
vinculum vinculum

Long
Floxor FDS FDp Vinculum
digitorum £
profundus

(FDP)

Flexor
digitorum
superficialis ~ Long Short
(FDS) vinculum vinculum
Palmar View Lateral View

FIGURE 4-56. Flexor Tendon System.
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Range of Motion of the Digits (Figure 4-57)

* Flexion
- MCP: 90°
- PIP: 90°
- DIP: 90°
— Thumb: MCP 50°, IP 90°
* Extension
- MCP: 30°
- PIP: 0°
DIP: 0-10°
— Thumb: MCP 0°, IP 20°
e Abduction
— Finger: 20°
— Thumb: 70°
e Adduction
— Finger: 0°, return of abduction
— Thumb: 0°, return of abduction
* Opposition
— Thumb: approximation of the palmar aspect of the thumb and fifth digit
e Apposition
— Thumb: approximation between the thumb and other digit not using the palmar aspect

Palmar Abduction

F G

FIGURE 4-57. Finger and Thumb Range of Motion Terminology.
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Digit Motion (Figure 4-58, 4-59,
4-60)

e Finger flexors

— Flexor digitorum profundus [digits
2 and 3: anterior interosseus
(median) nerve: digits 4 and 5:
ulnar nerve, C8, T1]

— Flexor digitorum superficialis
(median nerve, C7, C8, T1)

— Lumbricals (first and second:
medial nerve; third and fourth:
ulnar nerve, C8, T1)

— Interossei (ulnar nerve, C8, T1)

— Flexor digiti minimi (ulnar nerve,

C8, T1)
e Finger extensors
— Extensor digitorum communis
[posterior interosseus (radial)
nerve, C7, C8]

— Extensor indicis proprius [posterior
interosseus (radial) nerve, C7, C8]
— Extensor digiti minimi [posterior
interosseus (radial) nerve, C7, C8]
¢ Finger abduction
— 4-Dorsal interossei (DAB) (ulnar
nerve, C8, T1)
— Abductor digiti minimi (ulnar
nerve, C8, T1)
¢ Finger adduction
— 3-Palmar interossei (PAD) (ulnar
nerve, C8, T1)
e Thumb flexors
— Flexor pollicis brevis (superficial
head: median nerve; deep head:
ulnar nerve, C8, T1)
— Flexor pollicis longus [anterior
interosseus (median) nerve, C8, T1]

longus

/ Flexor
/ll——— digitorum
i superficialis

Flexor I.-:/_' Ii Flexor
pollicis ""f?“ -— digitorum
longus .'?,rf' ;‘; profundus

[

FIGURE 4-58. Hand Flexors: Muscles of the
Forearm Anterior Compartment. A. 1st layer B. 2nd
layer C. 3rd layer.

— Opponens pollicis (median nerve, C8, T1)

— Adductor pollicis (ulnar nerve, C8, T1)
e Thumb extensors

— Extensor pollicis longus [posterior interosseus (radial) nerve, C7, C8]
— Extensor pollicis brevis [posterior interosseus (radial) nerve, C7, C8]
— Abductor pollicis longus [posterior interosseus (radial) nerve, C7, C8]

e Abduction of the thumb

— Abductor pollicis longus [posterior interosseus (radial) nerve, C7, C8]
— Abductor pollicis brevis [median nerve, C8, T1]

e Adduction of the thumb
— Adductor pollicis (ulnar nerve, C8, T1]
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Opposition of the thumb to fifth digit

Opponens pollicis (median nerve, C8, T1)

Flexor pollicis brevis (superficial head: median nerve, C8, T1)
Abductor pollicis brevis (median nerve, C8, T1)

Opponens digiti minimi (ulnar nerve, C8, T11)

A. B | }
Lateral

epicondyle A
Ulna i/
Extensor
carpi — | AL
ulnaris A

Extensor Y

Extensori i digitorum e

digiti ] A
minimi /) N
Extensor e
indicis |

[

Supinator

Abductor
pollicis
longus

Extensor
pollicis
brevis

Extensor
pollicis
longus

FIGURE 4-59. Muscle of the Forearm Posterior Compartment. A.

Superficial layer and B. Deep layer.

FIGURE 4-60. Palmar View: Intrinsic Muscles of the Hand A. Lumbricals B. Palmar interossei C.

Dorsal interosse
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]
HAND DISORDERS

DUPUYTREN’S CONTRACTURE (Figure 4-61)
General

Mechanism
e Thickening and contraction of the palmar fascia
due to fibrous proliferation

FIGURE 4-61. Dupuytren’s Contracture.

Etiology Reprinted with permission from Snider RK.
¢ Unknown Essentials of Musculoskeletal Medicine.
e Has dominant genetic component (Northern Rosemont IL, American Academy of
European descent), has also been called the Orthopaedic Surgeons, 1997.
Viking disease

e Commonly associated with: DM, ETOH,
epileptics, pulmonary TB
® Seen in men > 40 years old

Clinical

e Painless nodules in the distal palmar crease. These nodules are initially nontender and
may become tender as the disease progresses

e The involved finger may be drawn into flexion as the nodules thicken and contract

e Flexion is commonly seen at the MCP joint involving the ring finger

Imaging

e None needed

Treatment

e Conservative: Ultrasound, splinting, massage
e Surgical release: If severe and affects function

STENOSING TENOSYNOVITIS: TRIGGER
FINGER (Figure 4-62)

General )
Tendon nodule locked proximal to pulley
Mechanism
e Repetitive trauma that causes an inflammatory FIGURE 4-62. Trigger Finger. Nodule
process to the flexor tendon sheath of the digits or thickening in flexor tendon, which
¢ This process forms a nodule in the tendon strikes the proximal pulley, making
resulting in abnormal gliding through the finger extension difficult. Reprinted with

permission from Snider RK. Essentials
of Musculoskeletal Medicine. Rosemont
IL, American Academy of Orthopaedic
Surgeons, 1997.

pulley system. As the digit flexes, the nodule
passes under the pulley system and gets
caught on the narrow annular sheath resulting
in the finger locked in a flexed position

Etiology
e Commonly associated with repetitive trauma, DM, RA
® Seen in persons > 40 years old
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Clinical

¢ A catching or locking with finger flexion and/or extension
* The nodule may be tender on palpation

Imaging

e None needed

Treatment

¢ Conservative: Immobilization by splinting, NSAIDs, corticosteroid injection
e Surgical release: After failure of conservative treatment

LIGAMENTOUS INJURIES
General (Figure 4-63)

¢ Involves the ligaments of the digits (PIP and MCP) and the thumb (MCP)
— Ligaments: Collaterals and volar plate
¢ Injury may result in a partial tear (sprain) or complete dislocation

Mechanism

* MCP and PIP ligamentous injury to the digits
— Collateral ligament: Valgus or varus stress with the finger in an extended position
— Volar plate: Hyperextension with dorsal dislocation, which is usually reducible

Palmar
ligament

Distal
phalanx

FIGURE 4-63. Ligaments of the MCP, PIP and DIP (Lateral View).
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e MCP ligamentous injury to the thumb
— Ulnar collateral ligament: Valgus stress of the thumb at the MCP joint
= Synonyms
+ Gamekeeper’s thumb
+ Skier’s thumb
- Radial collateral ligament: Uncommon

Clinical

e History of trauma to the finger with an immediate obvious deformity

® Local tenderness over the involved area with swelling of the joint

e Palpate both sides and assess the stability of the joint by applying a stress to the medial
and lateral aspect

Imaging

e AP and lateral views to rule out fracture and ensure proper reduction and congruency of
the joint

Treatment

e Conservative: Simple dislocations
— Reduce the joint by stabilizing the proximal end and applying a distal traction
— Buddy splinting of the finger should be done for approximately 2 weeks
— Thumb spica 3 to 6 weeks for MCP injuries

e Surgical: Complex lesions

FLEXOR DIGITORUM INJURY: JERSEY FINGER (Fig. 4-64)
General

Mechanism

e Complete or incomplete injury to the flexor tendon (superficialis and/or profundus)
which may be spontaneous as in the case of RA or more commonly due to a traumatic
nature as seen in athletics (football, wrestling)

® The classic mechanism of injury in athletes is when a player’s finger gets caught in the
jersey of another in attempting to grab him. The profundus tendon is avulsed from its
insertion and possibly accompanied by a bony fragment (usually the fourth digit)

FIGURE 4-64. Jersey Finger: Mechanism of Injury Is Rupture of the Profundus Tendon. Reprinted
with permission from Snider RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American
Academy of Orthopaedic Surgeons, 1997.
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Clinical

* The patient is unable to actively flex the DIP joint
e Testing of the FDP (Fig. 4-65A)
— In order to effectively test the function of the FDP, the patient must flex the DIP while
the examiner holds the PIP joint in extension
¢ Testing flexion of the FDS (Fig. 4-65B)
— The FDP can provide the same function of the FDS, which is MCP and PIP flexion, sec-
ondary to its attachment at the DIP
— The examiner must isolate the FDS when testing its function secondary to the action of
the FDP. This is done by eliminating the action of the FDP by holding the DIP of the non-
involved digits in extension. The patient is then asked to flex the unrestrained digit,
which can only be done with a normal FDS tendon

Imaging

* None needed
¢ Plain films may show an avulsed fragment near tendonous insertion

Treatment

¢ Orthopedic referral: Early surgical repair

FIGURE 4-65. A. Test for FDP Function.B. Test for FDS Function. Reprinted with permission from
Snider RK. Essentials of Musculoskeletal Medicine. Rosemont IL, American Academy of Orthopaedic
Surgeons, 1997.

MALLET FINGER (Figure 4-66)

General \@

Mechanism Y

* Sudden passive flexion of the DIP joint when the finger
is extended, causing a rupture of the tendon

¢ Anavulsed fragment of the distal phalanx may also occur

Clinical

¢ A flexed DIP joint that cannot be actively extended

e DIP joint tenderness and edema at the distal dorsal area FIGURE 4-66. Mallet Finger.

Top: Rupture of the extensor

Imaging

* None needed
® An avulsed fragment of the distal phalanx may be seen

tendon at its insertion.
Bottom: Avulsion of a piece of
distal phalanx.
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Treatment

¢ Conservative: Splinting of the DIP in extension for 6 to 8 weeks (Figure 4-67)
— Maintaining the finger in extension is essential and should be done at all times
— Weekly visits to assess full finger extension should be done
— At the end of the six-week course, gentle active flexion with night splinting should be
done for 2 to 4 weeks
¢ Surgical repair
— Reserved for poor healing or if an avulsed fragment involves > one-third of the joint

FIGURE 4-67. Splint for Treatment of Mallet Finger.

FRACTURE OF THE FIRST METACARPAL BASE: BENNET’S
OR ROLANDO’S FRACTURE

General

Definitions

® Bennet’s: Oblique fracture subluxation of the base of the thumb metacarpal

® Rolando’s: Fracture at the base of the thumb metacarpal that may classified as a T, Y, or
comminuted configuration

Complications
* An avulsed metacarpal fragment in a Bennet’s fracture may subluxate secondary to the
proximal pull of the abductor pollicis longus muscle

Clinical

¢ Tenderness and swelling at the base of the digit (thumb or fifth) following a direct blow to
a flexed thumb or digit

Imaging
¢ Plain films: AP lateral and oblique

Treatment

® Orthopedic referral



MUSCULOSKELETAL MEDICINE = 191

METACARPAL FRACTURE TO THE NECK OR SHAFT: BOXER’S FRACTURE

General

Mechanism (Figure 4-68)

¢ Fracture of the metacarpal neck/shaft usually
seen after a person strikes a wall or another
with poor technique

* May occur at any digit but commonly seen at
the fifth digit

Clinical

¢ Tenderness and swelling in the area of the
hand seen after traumatic event

Imaging FIGURE 4-68. Boxer’s Fracture. (Placed
in an ulnar gutter splint). Reprinted with
permission from Snider RK. Essentials of
Musculoskeletal Medicine. Rosemont IL,
American Academy of Orthopaedic

¢ Orthopedic referral Surgeons, 1997.

e Plain films

Treatment

[]
LOWER EXTREMITIES—HIP

® The three hip joints of the pelvic girdle consist of the acetabular joint, the pubic symphysis,
and the sacroiliac joint
¢ The hip is a very stable, multidirectional mobile ball and socket joint (enarthrosis)
¢ Due to high mobility, hip-joint pathology will be manifested during weight bearing, ambu-
lation, or motion
¢ Pathology affecting the sacroiliac joint and pubic symphysis does not restrict motion to the
extent that hip-joint pathology will
¢ The angle between the femoral neck and shaft of the femur is different in males (125°) than
in females (115 to 120°). This difference is due to the female pelvis being wider to accom-
modate the birth canal and gravid uterus
— Coxa vara occurs when the femoral neck and shaft angle is decreased. The affected leg
is shortened and hip abduction is limited. The knee assumes a valgus deformity
— Coxa valga occurs when the angle is increased. The affected limb is lengthened and the
knees assumes a varus deformity
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HIP AND PELVIC FUNCTIONAL ANATOMY (Figure 4-69)

Muscles

Flexor Group (Figure 4-70)
e [liopsoas (nerve to iliopsoas or femoral nerve; L2, L3)
— Prime hip flexor
Sartorius (femoral nerve; L2, L3, L4)
Rectus femoris (femoral nerve; L2, L3, L4)
Pectineus (femoral nerve; L2, L3, L4)
Tensor fasciae latae (superior gluteal nerve; L4, L5, S1)

Adductor longus (obturator nerve; L2, L3, L4)

Adductor magnus (obturator and sciatic nerves; L2, L3, L4, S1)

L]
L]
L]
L]
¢ Adductor brevis (obturator nerve; L2, L3, L4)
L]
L]
L]

Gracilis (obturator nerve; L2, L3, L4)

Adductor Group (Anteriorly Placed) (Figure 4-71)
Gracilis (obturator nerve; L2, L3, L4)

Pectineus (femoral nerve; L2, L3, L4)

Adductor longus (obturator nerve; L2, L3, L4)
Adductor brevis (obturator nerve; L2, L3, L4)

Tensorfasciaelatae_pl, |
Sartarius _p\\k\ - = . Piriformis
wUN I

Ractus famaris ') e . ;

Piriformis _l

Pectineus

Adductor longus

Adductor brevis

Obturator extarnus
Adduetor o aciis

magnus

liopsoas

Quadriceps famaris
Biceps femaris —p, ¢
Sartorius

Semitendinosus
Gracilis

FIGURE 4-69. The Pelvis, Thigh and Knee Region.

Adductor magnus (obturator and sciatic nerves; L2, L3, L4, S1)

( lliopsoas

Pectineus

Sartorius

i ) Adductor

\ _—" brevis

Vastus 1

> /| Adductor

lateralis R longus
1 %) Adductor

’ magnus

Tensor | ’ >

fasciae Gracilis

latae

Rectus
femoris ‘”
(cut) )
Vastus medialis
{cut)

FIGURE 4-70. Thigh Flexors.
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Adductor Group (Posteriorly Placed)

(Figure 4-72)

Abductor Group (Figure 4-73)
® Gluteus medius (superior gluteal nerve; L4, L5, S1)
® Gluteus minimus (superior gluteal nerve; L4, L5, S1)

Gluteus maximus (inf. gluteal nerve, L5, 51, 52)
Obturator externus (abturator n. L3, L4)
Gracilis (obturator n. L2, L3, L4)
Biceps long head (L5, S1, S52)
Semitendinosus (L4, L5, S1, S2)
Semimembranosus (L5, S1, S2)

abduction and medial rotation

n. L5, S1, S2)

Extensor Group (Fig. 4-73)

Tensor fascia latae (superior gluteal nerve; L4, L5, S1)
Sartorius (femoral n. L2, L3, L4)

Piriformis (nerve to piriformis; S1, S2)
Gluteus maximus (upper fibers) (inferior gluteal

Pectineus

Adductor
brevis

Adductor
longus

Adductor
magnus

Gracilis

FIGURE 4-71. Adductors of the
Thigh (Anteriorly Placed).

® Gluteus maximus (inferior gluteal nerve; L5, 51, S2)

— Prime mover

Gluteus
maximus
(cut)

Gracilis

Semimembranous

Obturator
externus

Biceps
femoris

FIGURE 4-72. Adductors of the Thigh

(Posteriorly Placed).

Gluteus medius (posterior part) (superior gluteal n. L4, L5, S1)

Gluteus minimus (posterior part) (superior gluteal n. L4, L5, S1)
Piriformis (nerve to piriformis, S1, S2)
Adductor magnus (sciatic part) (obturator and sciatic n. L2, L3, L4)

Gluteus
medius
{cut)

Gluteus
minimus

¢ Tf

Piriformis

Gluteus
maximus
(cut)

Adductor
magnus

Semitendinosus

Semimembranosus

FIGURE 4-73. Extensors of the Thigh.
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e Hamstring muscles:
¢ Biceps femoris long head (L5, S1, S2)
e Semimembranosus (L5, S1, S2)

. : Gluteus
Semitendinosus (L4, L5, S1, S2) minimus
Sciatic nerve and tibial division for all

. . Gluteus Piriformis
Lateral Rotation (Figure 4-74) maximus
.. . . . Gemellus
¢ Piriformis (nerve to the piriformis; {cut) superior
S1, S2) N Obt
. : urator
e Obturator internus (nerve to the internus

obturator internus; L5, S1)
¢ Gemelli (nerve to the superior

e Gluteus
. i;.;lT\medius {cut)

Obturator
externus

.| Gemellus
| | inferior

gemellus; L5, S1, 52, and inferior
gemellus L4, L5, S1, S2)

e Obturator externus (obturator
nerve; L3 and L4)

FIGURE 4-74. Lateral (External) Rotators of the Thigh
(Quadratus femoris not shown) (Posterior view)

® Quadratus femoris (nerve to the quadratus femoris; L4, L5, S1)

¢ Gluteus maximus (inf. gluteal n. L5, S1, S2)

¢ Gluteus medius and minimus (superior gluteal n. L4, L5, S1)

Medial Rotation (Figure 4-75)
e Pneumonic: TAGGG SS
¢ Tensor fasciae latae (superior gluteal n. L4, L5, S1)

Adductor magnus, longus and brevis (add. magn;
obturator n.; sciatic n. (L2, L3, L4, S1) (add. longus;
add. brevis (L2, L3, L4)

Gluteus medius (superior gluteal n. L4)

Gluteus minimus (superior gluteal n. L4, L5, S1)
Gracilis (obturator n. L2, L3, L4)

Semitendinosus (L5, S1, S2)

Semimembranosus (L5, S1, S2)

Ligaments (Figure 4-76A, B)
Acetabular Labrum (Glenoid Labrum)

The acetabular labrum serves to deepen the acetab-
ulum and its function is to hold the femoral head in
place

Articular Fibrous Capsule

The articular fibrous capsule extends from the
acetabular rim to the intertrochanteric crest forming
a cylindrical sleeve that encloses the hip joint and
most of the femoral neck. Circular fibers around the
femoral neck constrict the capsule and help to hold
the femoral head in the acetabulum

Iliofemoral
e Also known as the Y-ligament of Bigelow, it is the strongest ligament in the body

¢ The iliofemoral ligament extends from the anterior inferior iliac spine to intertrochanteric line
e [ts function is to prevent overextension, abduction and lateral rotation

Ischiofemoral
¢ The ischiofemoral ligament extends from the ischium behind the acetabulum to blend with

the capsule
Its function is to check medial rotation

| Gluteus
Origin medius
semitendinosus (cut)
Gluteus
minimus
Gracilis Adductor

I group
?

o

=

o

=]

£

O

E

£

i)

w |

Semitendinosus
(cut)
Medial Lateral
FIGURE 4-75. Medial (Internal)

Rotators of the Thigh (Posterior View).
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A Articular B
\ \ cartilage
A:Teltjabular { Acetabular )
abrum |
| fossa ) Pubofemoral L
Ligament of | ligament
Fibrous the femoral ' i

capsule head }al Ill_ofemoral

- S ligament o
// L ’ o ) -
{ - ) / S A
| Fat — \ Ischiofemoral | ﬁ? (_
/ ligament 4y ~ )

p ] RN

\ RS . AN -
\ B N N

B . / ) {

Acetabular labrum ~

7— Fermnur ——— |
li | |

| Synovial membrane

FIGURE 4-76. A. Frontal Section Through the Hip Joint. B. Anterior (a), and Posterior (b) View of
the Left Hip Joint.

Pubofemoral

e The pubofemoral ligament extends from the superior pubic ramus and joins the
iliofemoral ligament

e Its function is to check abduction

Ligamentum Capitis Femoris

¢ The capitis femoris ligament extends from the acetabular notch to the femur
¢ This ligament is fairly weak and does little to strengthen the hip

® In 80% of cases it carries a small artery to the femoral head

Normal Range of Hip Motion in the Adult

Flexion—120°

Extension—30°

Abduction—45-50°

Adduction—0-30°

External rotation—35°

Internal rotation—45°

e Osteoarthritis first limits internal rotation

Hip Tests

Fabere (Patrick) (Figure 4-77)
e This test is used to assess Flexion, Abduction, External
Rotation
e Perform this test with the patient supine, passively flex
and externally rotate and abduct the hip
® The hip joint is now flexed, abducted, and externally
rotated. In this position, inguinal pain is a general indi-
cation that there is pathology in the hip joint or the sur-  FIGURE 4-77. Fabere Test (or
rounding muscles Patrick Test)
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Thomas (Figure 4-78)

¢ This test is used to assess hip flexion contractures

® Perform this test with the patient supine, flex one hip fully reducing the lumbar spine lor-
dosis, stabilizing the lumbar spine and pelvis, extend the opposite hip. If that hip does not
fully extend, a flexion contracture is present

Ober (Figure 4-79)

e Tests for contraction of the fascia lata

¢ Perform the test as the patient is side lying with the involved leg uppermost. Abduct the
leg as far as possible and flex the knee to 90°. If the thigh remains abducted, there may be
a contracture of the tensor fascia lata or iliotibial band

Trendelenburg (Figure 4-80)

¢ Tests for gluteus medius weakness

® Performed with the patient standing erect, one foot is raised off the floor

e Strength of the gluteus medius of the supported side is assessed

* A positive test occurs when the pelvis on the unsupported side descends or remains level

A B

FIGURE 4-78. The Thomas Test. A. Patient is supine. B. Flex one hip, fully reducing the lumbar
spine lordosis. C. The normal limit for hip flexion is approximately 135°. D. A fixed flexion contracture is
characterized by the inability to extend the leg straight without arching the thoracic spine. E. The degree
of the flexion contracture can be done by estimating the angle between the table and patient’s leg.
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FIGURE 4-79. Ober Test. A. Test used to assess the contraction of the fascia lata.
B. Negative Ober. C. Positive Ober.

* A negative test occurs when the pelvis on the unsupported side elevates slightly

¢ Conditions associated with gluteus medius weakness:
— Radiculopathies

Poliomyelitis

Meningomyelocele

— Fractures of the greater trochanter

Slipped capital femoral epiphysis

Congenital hip dislocation

Leg Length Discrepancy

True Leg Length Discrepancy (TLLD) (Figure 4-81)
e To assess TLL, measure from the ASIS to the medial
malleoli. (Note there are two fixed bony landmarks.)
¢ To determine if the discrepancy is in the femur or the
tibia:
— With the patient supine, flex the knees to 90° and
place feet flat on the table
— If one knee is higher than the other, that tibia is
longer (Fig. 4-81C(a))
— If one knee projects further anteriorly, then that
femur is longer (Fig. 4-81C(b))
— True leg length shortening may be due to fractures FIGURE 4-80. Trendelenburg Test.
crossing the epiphyseal plate in childhood or  A. Negative. B. Positive
poliomyelitis
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FIGURE 4-81. A. Examiner should measure from one fixed bony point (i.e., ASIS anterior supe-
rior iliac spine) to another (i.e., medial malleolus) to find true leg length. B. True leg length discrep-
ancy. C. tibial length discrepancy; D. femoral length discrepancy.

Apparent Leg Length Discrepancy (Figure 4-82)

e First determine that no true leg length discrepancy exists

e With the patient supine, measure from the umbilicus to the medial malleoli, from a non-
fixed to a fixed landmark

® Apparent discrepancy may be caused by pelvic obliquities or flexion or adduction defor-
mity of the hip

e Pelvis obliquity may be assessed by observing the levelness of the anterior superior iliac
spines or the posterior superior iliac spines

A B

FIGURE 4-82. A. Examiner should measure from a nonfixed point (i.e., umbilicus) to a fixed point
(i.e., medial malleolus) to determine an apparent leg length discrepancy. B. An apparent leg length
discrepancy associated with pelvic obliquity. C. True leg length measurements are equal despite the
apparent leg length discrepancy.



MUSCULOSKELETAL MEDICINE = 199

]
HIP DISORDERS

HAMSTRING STRAIN
General

¢ Predisposing factors associated with hamstring muscle strains include inadequate warm-
up, poor flexibility, exercise fatigue, poor conditioning, and muscle imbalance

A rehab program needs to modify these risk factors

Note that the normal strength ratio of hamstrings to quadriceps is 3:5

Injuries occur during the eccentric phase of muscle contraction

Injuries range in severity from Grade I (strain) to Grade III (complete tear)

Most commonly seen in track and gymnastics injuries

Clinical

e Presents as pain in the hamstring region after a forceful hamstring contraction or knee
extension

e Pain may occur with loss of function

® There is tenderness over the muscle belly or origin

e Provocative test: Pain elicited in the ischial region with knee flexion

Imaging

® Generally not needed

Treatment

e Ice, compression, weight-bearing reduction if necessary, NSAIDs, gentle stretch
e Advance to strengthening when inflammation is reduced

PIRIFORMIS SYNDROME
General

¢ A painful muscle condition involving the piriformis muscle, an external hip rotator

e The piriformis can be stressed due to poor body mechanics in a chronic condition or
injured acutely with forceful hip internal rotation

* In severe spasms the sciatic nerve may be involved to some degree because the nerve
pierces the piriformis muscle fibers in some individuals

* Rehabilitation seeks to reduce pain and spasm and recover full hip internal rotation

Clinical

¢ Pain associated with piriformis injury may present in the lateral buttock, posterior hip and
proximal posterior thigh, as well as the sacroiliac region

¢ The condition may be exacerbated by walking up stairs

¢ There is tenderness over the muscle belly that stretches from the sacrum to the greater
trochanter

® Provocative test: Pain with internal hip rotation, adduction, and flexion

Imaging

¢ Radiographs of the low spine and hip may be necessary to rule out other sources of
pathology
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Treatment

e Stretching of the external rotator hip muscles, NSAIDs,
and ultrasound are the initial therapies
e Local corticosteroids by injection can be used if more

conservative measures fail
Greater

trochanter

lliotibial
band
ILIOPSOAS BURSITIS AND TENDONITIS o

Also known as iliopsoas snapping-tendon syndrome
(Figure 4-83)

General

¢ Inflammation of the muscle tendon unit and bursa
occur with overuse or trauma, causing muscle tight-
ness and imbalance

¢ This condition may cause hip snapping

¢ The snapping is due to the iliotibial band snapping
over the greater trochanter or the iliopsoas tendon
subluxating over the pectineal eminence of the pelvis FIGURE 4-83. lliopsoas

Snapping Tendon Syndrome.

Clinical Reprinted with permission from
¢ Hip snapping may occur with flexion and may cause Snider RK. Essentials of
pain Musculoskeletal Medicine.

Rosemont IL, American Academy

® There is tenderness over the iliopsoas muscle )
of Orthopaedic Surgeons, 1997.

¢ Provocative test: Pain on hip flexion
Imaging

* Radiographs of the hip are useful to rule out underlying bony pathology
Treatment

e Ice, NSAIDs, stretching and strengthening
e Corticosteroid injection if conservative measures fail

HIP ADDUCTOR STRAIN—GROIN STRAIN
General

A common injury in sports, groin strain occurs due to resisted forceful abduction of the hip
The adductor groups are injured during eccentric contraction
Predisposing factors include relative weakness and tightness of the adductor muscle groups

L]
L]
L]
e [t is important to distinguish muscle strain from adductor avulsion fracture
Clinical

e Presents as pain in the adductors distal to their origin at the ramus or adductor tubercle
e Provocative test: There is pain with resisted adduction and occasionally with hip flexion
® On palpation there is tenderness of the adductor muscle

Imaging
¢ Radiographs of the hip including the adductor tubercle to rule out avulsion

Treatment
® Rest, ice, NSAIDs, advance to stretching and strengthening



MUSCULOSKELETAL MEDICINE = 201

GREATER TROCHANTER BURSITIS (FIGURE 4-84)

General

/

* This condition is inflammation of the bursa -
located over the greater trochanter and deep to Sk g 7
the gluteus medius and gluteus minimus and /'J '
tensor fasciae latae lliotibial _ /

e It is associated with a number of conditions that tract / \L -
cause altered gait mechanics, muscle imbalance / i Q
and reduced flexibility including hip osteo- Trochanter ! / : _
arthritis, obesity, leg length discrepancy, direct //\ A3 N \&
trauma, overuse, herniated lumbar disc and Bursa o - \ L
hemiparesis & [ N

¢ This condition may also cause hip snapping L \ N

4

Clinical I

e Patients report night pain and are unable to lie on
the affected side FIGURE 4-84. Trochanteric Bursa.

e Provocative test: Presents as pain over the greater Note relationship of the trochanteric
trochanter during movement from full extension bursa between the iliotibial band and
to flexion the greater trochanter. Reprinted with

¢ A snap may be palpable over the greater tubercle permission from Snider RK. Essentials

of Musculoskeletal Medicine.

Imaging Rosemont IL, American Academy of

. . Orthopaedic Surgeons, 1997.
e Radiographs of the hip to rule out bony pathology

Treatment

e lliotibial band stretching, NSAIDs, and in severe cases, a cane may be needed for support
and stability

e Strengthening of the hip adductor groups

® Local corticosteroid injection for resistant cases

POSTERIOR HIP DISLOCATION
General

e This is the most common type of hip dislocation and comprises 90% of the total

e It may occur during an automobile accident when the hip is flexed, adducted, and medi-
ally rotated. The knee strikes the dashboard with the femur in this position, driving it pos-
teriorly. In this position, the head of the femur is covered posteriorly by the capsule and
not by bone

* Due to the close proximity of the sciatic nerve to the hip posteriorly, the sciatic nerve may
be stretched or compressed in posterior hip dislocations. Note: Anterior hip dislocations
may result in femoral nerve compromise

® Avascular necrosis may occur in 10% to 20% of patients

Clinical

e The hip will be flexed, adducted, and internally rotated

¢ The affected leg appears shorter because the dislocated femoral head is higher than the
normal side

¢ There will be an inability to abduct the affected hip



202 = MUSCULOSKELETAL MEDICINE

Imaging

* Hip radiographs

Treatment

¢ This is an orthopedic emergency due to potential vascular compromise and sciatic
nerve injury

AVASCULAR NECROSIS OF THE FEMORAL HEAD (Figure 4-85)

Also known as osteonecrosis of the hip or aseptic necrosis of the hip

General

¢ This condition is characterized by death of the femoral head without sepsis

¢ Interruption of the vascular supply is the defining common pathway of the disease process
¢ In children aged 2-12 this is known as Legg-Calve-Perthes disease

¢ The most common causes in adults are steroid use and alcohol abuse

Clinical

Pain may present in the groin, anterior thigh, or even the knee
Symptoms are of insidious onset

Short swing and stance phase on the affected side may be observed
There is loss of external and internal rotation of the hip

On hip flexion, the hip will externally rotate

Pain is elicited on ROM

Imaging

e Irregular or mottled femoral head on plane films
— MRI of both hips is indicated
— There is low signal intensity on T1 imaging

A

FIGURE 4-85. A. Sclerosis of the femoral head. B. MRI scan of hips consistent with osteonecrosis
of left hip (arrow). Reprinted with permission from Snider RK. Essentials of Musculoskeletal Medicine.
Rosemont IL, American Academy of Orthopaedic Surgeons, 1997.
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Treatment

¢ The main objective is to maintain the femoral head within the acetabulum while healing
and remodeling occurs

¢ Bracing and casting may help in the pediatric population to retain the femoral head within
the acetabulum

¢ Osteotomy of the femoral head and pelvis may be used to treated symptomatically and
monitored if the disease is not significantly advanced

e Adults may require total hip arthroplasty

HIP FRACTURES

General

e Osteoporosis of the hip carries increased incidence of fracture
e Osteoporosis of the hip is associated with both fixed and modifiable risk factors

Fixed risk factors include age, sex, and race

Approximately 60% of hip fractures occur in patients > 75 years of age

Females have higher incidence of hip fracture than males

Among females, there is a 2-3:1 higher rate of fracture in European Americans than in
African Americans

Modifiable risk factors include: Alcohol and caffeine consumption, smoking, use of
certain medications (antipsychotics, benzodiazepines), malnutrition, and body weight
below 90% of ideal

e Surgery for hip fracture and degeneration carries considerable risks of morbidity and
mortality

Venous thrombosis occurs in greater than 50% of unprotected patients. Note: The risk
for pulmonary embolism is highest during the second and third week

The incidence of heterotopic ossification is high (> 50%) after total hip replacement and
is the most common complication although less than 10% lose range of motion

The mortality rate for those who survive a hip fracture is 20% to 30% after one year and
approximately 40% after two years

Approximately 50% of patients return to their premorbid level of functioning

¢ (Classification is based on the anatomy of the proximal femur and consists of three main
types: intracapsular, intertrochanteric and subtrochanteric (Figure 4-86)

Intracapsular Intertrochanteric Subtrochanteric

FIGURE 4-86. Classification of Hip Fractures Based on the Anatomy of the Proximal Femur.
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INTRACAPSULAR OR FEMORAL-NECK FRACTURES
General

e Fractures of the femoral neck are classified by Garden Classification Stages I, II, III, IV
(Figure 4-87)
— Stage I—incomplete, nondisplaced with occasional valgus angulation
— Stage II—complete, nondisplaced, occasionally unstable
— Stage Ill—displaced with the hip joint capsule partially intact
— Stage IV—displaced with the hip joint capsule completely disrupted

* Morbidity associated with the fracture involves disruption of the blood vessels to the
femoral head causing necrosis

¢ Postoperatively, complications can include a nonunion or osteonecrosis

Clinical

¢ Common presentation of hip fracture are hip pain, limb external rotation greater than
normal, and an apparent shortened limb on the affected side

Imaging

¢ Radiographs of the hip
* Bone scan may be necessary for occult fractures

Treatment

¢ Garden Stages [ and II
— Surgical
= Pins across the fracture site or a cannulated hip screw is used for stabilization
— Rehabilitation
= Rehabilitation early with partial or full weight bearing
= May be treated conservatively if the patient is unfit for surgery or in the case of an old
impacted fracture
¢ Garden Stages III and IV:
— Surgical
= Replacement of the femoral head using cemented or noncemented hemiarthroplasty;
total hip replacement or bipolar arthroplasty
— Rehabilitation
= Rehabilitation of cemented cases by full weight bearing
= Rehabilitation of uncemented cases may be partial or full weight bearing
= In hip replacement, precautions must be followed to avoid dislocation: Avoid flexion
over 90°; avoid adduction and internal rotation

g\%tage | \ ; Stage Il l ; Stage Il i ; Stage IV

FIGURE 4-87. Garden Classification of Intracapsular Fractures. Reprinted with permission from
Gerhart TN. Managing and preventing hip fractures in the elderly. J Musculo Med, 1987(4)60-8.
Cliggott Publishers.
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INTERTROCHANTERIC FRACTURES
General (Figure 4-88)

e This is the most common type of hip fracture

¢ Highly fragmented fractures may result in sig-
nificant blood loss and hypovolemia

* Postoperatively, a leg length discrepancy may
result due to comminution status post fixation

® Moderately high forces are generated in this
area, and a strong fixation is required

¢ Fractures may be undisplaced, displaced two-
part fractures, or unstable three-part fractures

Clinical

* The common presentation of hip fracture may
be seen: Hip pain and an externally rotated
and shortened limb

Imaging

e Radiographs and possible CT scan or MRI

Treatment

® Surgical
— A compression screw or angle nail plate
may be used
— If the fixation is unstable, medial displace-
ment osteotomy of the femur may be
required
¢ Rehabilitation
— Rehabilitation with progressive weight
bearing from partial to full

SUBTROCHANTERIC FRACTURES
General (Figure 4—-89)

¢ This region is subjected to very high mechan-
ical stresses and is the most difficult to stabi-
lize surgically

e Fractures may be simple, fragmented, or com-
minuted

Clinical

¢ The typical signs and symptoms of hip fracture
are present: Hip pain, limb external rotation
with possible shortening and malalignment

Imaging

¢ Radiographs of the hip and possible CT scan

FIGURE 4-88. Intertrochanteric Hip
Fracture. (Note fragmentation.)

FIGURE 4-89. Subtrochanteric Femur
Fractures. A. Simple. B. Comminuted.
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Treatment

® Surgical
— Open reduction and internal fixation will be necessary with several choices of fixation
hardware
— Ablade plate and screws may be sufficient in some cases
— An intramedullary rod may be required to make an extremely strong fixation through
the proximal femur and trochanteric region
¢ Rehabilitation
— In these fractures, rehabilitation may be delayed until fracture healing is evident
— Weight bearing progresses from partial to full

FEMORAL-NECK STRESS FRACTURES
General

* There are two basic types of femoral-neck fractures: Compression and transverse

¢ Compression-type fractures are more common and generally occur along the inferior neck
of the femur. They are more stable

¢ Transverse-type occurs with the fracture along superior aspect of the femur neck. These
are more unstable and are also termed tension side fractures

e Endurance athletes, such as runners and military recruits, are susceptible to proximal
femur stress fractures

Clinical

¢ Femoral-neck stress fractures present as groin pain made worse with activities of daily
living
* There will often be pain at extreme ranges of internal and external rotation

Imaging

¢ Radiographs may be negative at first and in time may show periosteal thickening or a radi-
olucent line

¢ If plain films are negative, a bone scan should be done

¢ Bone scans may be positive 2-8 days after onset of symptoms

Treatment

¢ Compression type
— Because they are more stable, they may be treated with bed rest
— When there is no pain at rest, then weight bearing to limitation of pain is allowed
— If compression-type fractures progress, they may require internal fixation
¢ Transverse or tension type
— These fractures are generally treated with internal fixation due to the high risk of dis-
placement

SLIPPED CAPITAL FEMORAL EPIPHYSIS (FIGURE 4-90)

General

¢ This is an injury to the epiphyseal growth plate at the head of the femur causing displace-
ment of the plate

* The common ages of incidence are children 11-16

¢ The injury may be associated with a direct hip trauma
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Grade | Grade Il

(<33%) ﬂ (33%-50%)

Grade lll
(>50%)

Antero- v Antero- V% Antero-
7 posterior s posterior J posterior
s view view view

Frog-leg view Frog-leg view Frog-leg view

FIGURE 4-90. Slipped Capital Femoral Epiphysis Classification: Grade |, Grade Il, Grade Il
(% indicates degree of slippage for each grade)

Clinical

e Slipped capital femoral epiphysis presents as groin pain or hip pain but may also present
as thigh or knee pain

It is often associated with an antalgic gait

Internal hip rotation is limited and the extremity externally rotates when the hip is flexed
Muscle spasms and synovitis occur in the acute phase

Imaging
¢ Radiographs and/or CT will reveal medial and posterior displacement of the epiphysis

Treatment

e Immediate cessation of weight bearing

e Surgical stabilization is required

e Endocrine testing should be done to rule out:
— Growth hormone deficiency
- Hyperthyroidism
- Hypothyroidism

Panhypopituitarism

— Multiple endocrine neoplasia

AVULSION FRACTURES
IscHIAL TUBEROSITY AVULSION FRACTURES
General

e Ischial tuberosity avulsion fractures generally occur with a forceful hamstring contracture
with the knee in extension and the hip in flexion

e The origin of the hamstring is pulled away from the ischial tuberosity

e Ischial avulsion must be differentiated from ischial bursitis

e Ischial tuberosity bursitis (also known as weaver’s bottom) is of insidious onset and is
more progressive in presentation
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Clinical

¢ Ischial tuberosity avulsion fractures present as pain and tenderness over the ischial
tuberosity of sudden onset

® There will be reproduction or increased pain on straight leg raising

Imaging

¢ Radiographs should reveal the avulsion at the ischium

Treatment

® Generally, this avulsion is treated with rest, ice, and weight bearing as tolerated
* After achieving full range of motion, resistance exercises can be started

¢ Surgery may be required for a displaced apophysis

ANTERIOR SUPERIOR ILIAC SPINE (ASIS) AVULSION FRACTURES

General

* The ASIS is the point of attachment for the sartorius muscle

¢ This avulsion is caused by forceful contraction with the hip extended and the knee flexed

¢ If the lateral femoral cutaneous nerve is involved, paresthesias may involve the anterolat-
eral thigh

Clinical

¢ These avulsions present as acute pain and tenderness over the ASIS

¢ There should be pain on hip flexion

Imaging

e Radiographs should demonstrate the avulsion fracture

Treatment

¢ ASIS avulsions are generally treated with rest, ice, and weight bearing as tolerated

* They may require the knee to be splinted in flexion to reduce tension on the avulsion
segment

¢ Stretching and strengthening are instituted with reduction in pain

¢ Surgery may be required for a displaced apophysis

ANTERIOR INFERIOR ILIAC SPINE (AllS) AVULSION FRACTURES

General

* The AIIS is the point of origin for the rectus femoris muscle

¢ Avulsions here may be caused by forceful kicking and contraction of the quadriceps

Clinical

¢ Avulsion here can present as pain over the AIIS or groin pain of acute onset

¢ Pain will be produced with quadriceps contraction, hip flexion, or hip extension

Imaging

¢ Radiographs should demonstrate the avulsion
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Treatment

* These avulsions are generally treated with rest and ice with weight bearing as tolerated
¢ Strengthening may begin after full range of motion is achieved
¢ Surgery may be required for a displaced apophysis

OSTEITIS PUBIS

General

¢ This is an inflammatory condition of the joint of the pubic rami
¢ It is often caused by cumulative overuse of the adductors
Clinical

Osteitis pubis presents as pubic symphysis or groin pain and may radiate into the thigh
Normal ambulation may produce a popping in the pubic region

Pain will be produced on resisted adduction

Pain can be elicited in the groin or pubic area with one-legged hopping

Imaging

¢ Radiographs and/or CT may show periosteal thickening

Treatment

Generally rest and NSAIDs are the first line of treatment
Corticosteroid injection may be required in resistant cases
Stretching and strengthening may proceed after reduction in pain
Surgery for arthrodesis may be required in severe cases

MYOSITIS OSSIFICANS
General

* Myositis ossificans is the formation of heterotopic ossification within muscle

¢ This can be due to a direct blow to the hip

e Ultrasound, heat, massage, or repeated trauma at the onset of myositis ossificans can exac-
erbate the process

Clinical

* There will be pain and a palpable mass at the site of the lesion

e If the ossifying mass involves a nerve, related nerve impingement symptoms may occur
Imaging

¢ Initially radiographs will reveal a soft tissue mass
¢ Within 14 days calcific flocculations can develop
¢ Ossification can be seen between 2-3 weeks

Treatment

* Gentle range of motion
* Prevention of contractures is of prime importance
e Strengthening of the involved muscles should be done progressively
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e Surgery may be necessary in cases resulting in nerve entrapment, decreased range of

motion, or loss of function

e If possible, surgery should be delayed until the lesion matures at 10-12 months

LOWER EXTREMITIES—THE KNEE

KNEE FUNCTIONAL ANATOMY

® The knee joint is a modified hinge joint

® The knee is the largest joint in the body.
It is susceptible to injury because it is at
the end of the tibia and femur, two long
lever arms

RANGE OF MOTION

Flexion—135°
Extension—0°
Internal Rotation—10°
External Rotation—10°

MUSCLES (Fig. 4-91)
Extensors

® Quadriceps (femoral nerve, L2, L3, L4):
— Rectus femoris
— Vastus lateralis
— Vastus intermedius
— Vastus medialis oblique

e All join with the patellar tendon

e The vastus medialis and lateralis draw
the patellar in their direction

Flexors (Fig. 4-92)

¢ Hamstrings:

Femur

Vastus medialis

Vastus
lateralis

Rectus femoris
Vastus

intermedius

FIGURE 4-91. Anterior and Medial Aspects of
the Thigh (Deeper Muscles).

— Semimembranosus (sciatic, tibial portion, L4, L5, 51, S2)
— Semitendinosus (sciatic, tibial portion, L4, L5, S1, S2)

— Biceps femoris

— Long head (sciatic, tibial portion, L5, S1, S2)
— Short head (sciatic, common peroneal portion, L5, S1, S2)

e Sartorius (femoral nerve, L2, L3)
e Gracilis (obturator nerve, L2, L3, L4)
e Gastrocnemius (tibial, S1, S2)

Medial Rotators (Fig. 4-92)

Semitendinosus
Semimembranosus
Sartorius

L]
L]
L]
e Gracilis
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Lateral Rotators (Fig. 4-92)

* Biceps femoris—long and short heads

Other

e Popliteus (tibial nerve, L4, L5, S1)—locks
and unlocks the knee

BONY ANATOMY (Figure 4-93)

® The knee can be divided into the medial
femoral tibial, lateral femoral tibial and
patellofemoral regions

* The Q angle is formed by the long axes of
the femur and the tibia and reflects the
natural valgus attitude of the knee
- Males ~13°
— Females~18°

e Excessive valgum is termed genu valgum
or knock knees

* Genu varum is bowed legs

¢ Hyperextension at the knees is termed
genu recurvatum or back knee

Femoral/Tibial Joint
— The primary motion is flexion and
extension
— The secondary motion is axial rotation
when the knee is flexed FIGURE 4-92. Posterior muscles of the thigh.
— The basic motion of the knee is rolling  (Sartorius not shown)
and gliding

Tibial Plateau
— Characterized by curved surfaces corre-
sponding to the medial and lateral
femoral condyles

— Araised prominence between the curved
surfaces helps prevent rotation in exten-
sion

— The lateral tibial plateau is convex in
shape. This allows the lateral femoral
condyle to move further backward than
the medial condyle. This causes
internal tibial rotation with flexion

Anterior superior
lliac spine

Center of

Patella patella

— The patella is a sesamoid bone
embedded in the extensor muscle/
tendon unit

— Efficiency of the extensor groups is
increased by 150% due to the mechan-
ical advantage provided by the patella

— The articular surface of the patella has ~ FIGURE 4-93. Q-angle. lllustration by
two facets divided by a ridge, which ~ Heather Platt, 2001.
helps with tracking over the condyles

Tibial
tubercule
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LIGAMENTS (Figures 4-94, 4-95, and 4-96)
Anterior Cruciate Ligament (ACL)

Functional Anatomy

e The ACL attaches to the lateral
intercondylar notch of the femur
and to a point lateral to the
medial tibial eminence

¢ The primary function is to restrain
anterior tibial subluxation

¢ Prevents backward sliding of the
femur and hyperextension of the
knee

e Limits medial rotation of the
femur when the foot is fixed

e The ACL tightens with full
extension and loosens in flexion

e External rotation loosens the
ACL and internal rotation
tightens it

Femur
(lateral
cross-section)

Posterior
cruciate
ligament

Fibula Anterior N\

cruciate
ligament

FIGURE 4-94. Cruciate Ligaments (Posterior Cruciate

Ligament, Anterior Cruciate Ligament)

¢ [ In flexion, it draws the femoral condyles anteriorly
e ACL deficient knees create increased pressure on the posterior menisci

FIGURE 4-95. Anterior View—Ligaments of the Knee.
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FIGURE 4-96. Posterior View—Ligaments of the Knee.

Posterior Cruciate Ligament (PCL)

Functional Anatomy

e The PCL attaches to the front of the medial intercondylar notch of the femur and to a point
lateral to the posterior tibial plateau

Its course is inferior, posterior, and lateral in direction

The primary function is to restrain posterior tibial subluxation

The ligament is looser in extension and tighter in flexion

In extension, the PCL pulls the femur posteriorly

PCL deficient knees place more force on the patellofemoral joint

Medial Collateral Ligament (MCL)

Functional Anatomy

* The MCL attaches to the medial femoral condyle and to the medial upper end of the tibia
¢ It has an attachment to the medial meniscus

e In full extension, the MCL tightens to full tension

¢ Tension is increased with abduction stress at increasing positions of flexion

Lateral Collateral Ligament (LCL)

Functional Anatomy

e The LCL attaches to the lateral femoral condyle posteriorly and superiorly and attaches to
the upper end of the lateral fibula

e [t does not have an attachment to the lateral meniscus

e [t restrains varus stresses

e Peak stress is achieved with adduction when the knee is at 70° of flexion
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Capsular Ligaments (Figure 4-97)

In general, the posterior capsule resists
knee hyperextension

Oblique Popliteal Ligament (OPL)

e The OPL arises from the tendon of the
semimembranosus

¢ It strengthens the fibrous posterior
capsule of the knee joint

e [t resists extension

e The OPL is attached to capsule and
lateral meniscus

Arcuate Popliteal Ligament

Complex (APLC) FIGURE 4-97. Knee Joint—Capsular Ligaments
e The APLC provides attachment for the ~ (Posterior View)
posterior horn of the lateral meniscus
¢ It reinforces the lateral aspect of the knee and gives posterior lateral rotary stability
¢ Also it provides restraint to posterior tibial subluxation

¢ Its attachment can be mistaken for a tear of the posterior horn of the lateral meniscus on
MRI

1 Menisci of the Knee (Figure 4-98)

* The two menisci are fibrocartilage of crescent shape
¢ They deepen the articular surfaces of the tibia to provide more stability for the femoral
condyles

Femur

Medial

/" Patella \ meniscus

Lateral meniscus

Medial
collateral
ligament

Lateral

| meniscus
Lateral ]
collateral
Medial ligament

meniscus

Tibial
tuberosity

FIGURE 4-98. Major Structures of the Interior of the Knee Joint. A. Anterior View. B. View from above
with the femur removed.
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e The peripheral outer third of the menisci are well vascularized
® The inner two-thirds are not well vascularized and cannot usually be surgically repaired

Medial Meniscus

* The medial meniscus is longer than the lateral meniscus

e Itis “C” shaped

e The peripheral border is adherent to the medial collateral ligament

Lateral Meniscus

e The lateral meniscus is nearly circular in shape

e [t covers a larger area than the medial meniscus

e [t is joined to the medial femoral condyle by the posterior meniscofemoral ligament

Bursae (Figure 4-99)

Anterior (4)
e Prepatellar bursa
— The prepatellar bursa is located between the skin and the anterior patella
— It is the most commonly damaged bursa
— Inflammation of this bursa by prolonged kneeling is termed housemaid’s knee
e Suprapatellar bursa
— This bursa is located between the quadriceps femoris muscle and the femur and usually
communicates with the joint capsule
® Deep infrapatellar bursa
— This bursa is located between the patellar tendon and the tibia
e Superficial or subcutaneous infrapatellar bursa
— This bursa is located between the skin and the tibial tuberosity
— Associated with kneeling in upright position, termed vicar’s knee

Lateral Bursae (3)

e There is a lateral bursa located between the biceps muscle and fibular collateral ligament

® A second lateral bursa is located between the popliteus muscle and the fibular collateral
ligament

e A third lateral bursa is located between the lateral femur condyle and popliteus muscle

Medial Bursae (3)
* Pes anserinus bursa
— Located between the tendons of the sartorius, gracilis, semifendinosus muscles and
medial collateral ligament. (“Say Grace before Tea”)
— May be misdiagnosed as a medial meniscus lesion when swollen and painful

Patella

Tibial .
collateral 2N Prepatellar
ligament < A, bursa
S AN Patellar
\ N e i tendon
Pes . ! Superficial
anserinus & bursa
. 1 Deep bursa
Fibula

Medial bursa

Tibia

FIGURE 4-99. Bursae of the Knee that are Clinically Significant (medial view of knee).
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e A second medial bursa is located between the MCL and the semitendinosus
e A third medial bursa is located between the semimembranosus and the tibia

Posterior Bursae (2)

e There is a posterior bursa located between the lateral head of the gastrocnemius and the
capsule

e There is a second posterior bursa located between the medial head of the gastrocnemius
and capsule and extending under the semimembranosus

It communicates with the joint cavity

It can be irritated by abnormal strain

When distended it is termed a baker’s cyst

A baker’s cyst is a distension of the bursa and outpocketing of the synovial membrane
in this location. It can mimic a DVT due to the increased warmth and leg girth and asso-
ciated pain

TESTS FOR THE KNEE
McMurray Test (Figure 4-100 A, B, C, D)

e This test is used to diagnose meniscal tears and is especially useful for diagnosing poste-
rior meniscal tears

The patient lies supine with the knee flexed (Figure 4-100A)

The examiner palpates the medial joint line with his fingers and the lateral joint line
with his thumb

With the knee flexed, rotate the tibia internally and externally on the femur (Figure 4-100B)

C. D.

FIGURE 4-100. A. McMurray Test: Patient lies supine with the knee flexed. B. With flexed knee,
internally and externally rotate the tibia on the femur. C Place a valgus stress on the knee with the leg
externally rotated, and D. Slowly extend the leg with the leg externally rotated and in valgus position.
If a click is heard or palpated, the test is positive for a torn medial meniscus, usually in the posterior
position.
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To Test for Medial Meniscal Damage:

e With the knee extended and the tibia externally rotated, push on the lateral side, while
applying valgus stress to the medial side of the knee joint (Figure 4-100C)

¢ Externally rotating the tibia stresses the medial compartment for testing the medial
meniscus

¢ With the leg externally rotated and in valgus, slowly extend the knee

® A positive test for a torn medial meniscus (usually in the posterior position) yields an
audible or palpable click and pain (Figure 4-100D)

To Test for Lateral Meniscal Damage:

¢ Apply a varus stress and internally rotate the tibia while extending the knee. Pain and click
should result if positive

¢ Internally rotating the tibia stresses the lateral compartment for testing the lateral meniscus

® A positive test for a torn lateral meniscus (usually in the posterior position) yields an
audible or palpable click and pain

Apley’s Grind Test (Figure 4-101)

This test is used to diagnose a torn meniscus

¢ The patient lies prone with the knee flexed to 90°

® The examiner places force downward on the heel compressing the menisci between the
femur and tibia

¢ Pressure is maintained downward as the tibia is rotated

¢ A positive test should elicit pain; ask the patient to localize the pain to the medial or lateral
compartment

FIGURE 4-101. Apley’s Grind Test.
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Apley’s Distraction Test (Figure 4-102)

¢ This is a test for ligamentous damage

¢ The patient lies prone with the knee flexed

¢ Traction force is applied while rotating the tibia
internally and externally

¢ Pressure on the meniscus is reduced during this
maneuver

® A positive test elicits pain indicating ligamen-
tous rather than meniscal damage

Bounce Home Test (Figure 4-103)

¢ This is a test for decreased knee extension
¢ With the patient supine, the examiner flexes the
knee while holding the heel (Figure 4-103A)
® The knee is allowed to extend passively and
should have a definite endpoint. It should
“bounce home” into extension (Figure 4-103B) ~ FIGURE 4-102. Apley’s Distraction Test.
* A positive test occurs when full extension
cannot be attained and a rubbery resistance is felt. Fluid in the knee joint prevents the joint
from bouncing home (Figure 4-103C)
¢ Causes for a positive test may be a torn meniscus, loose body, intracapsular swelling, or
fluid in the knee joint

A B C

FIGURE 4-103. Bounce Home Test. A. Examiner flexes the knee. B. Let the knee passively
extend. C. Positive test occurs when full extension cannot be attained.

Patella Femoral Grind Test (Figure 4-104)

¢ The patella femoral grind test evaluates the
quality of the patella articulating surfaces

¢ The patient is supine with the legs in a
neutral position

¢ The examiner pushes the patella distally and
asks the patient to contract the quadriceps

¢ The patella should glide smoothly cephalad

A positive test will yield pain and crepita-

tion on patella movement

Anterior Draw Test (Figure 4-105) FIGURE 4-104. Patella Femoral Grind

* The anterior draw primarily tests the  Test.
integrity of the anterior cruciate ligament
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Posterior Draw Test (Figure 4—106)

With the patient supine, the
knees flexed to 90°, and the foot
stabilized by the examiner’s
body, the examiner grasps the
patient’s knee with the fingers
in the area of the hamstring
insertions and the thumbs on
the medial and lateral joint
lines. The tibia is drawn toward
the examiner (Figure 4-105A)
A positive test occurs when the
tibia slides from under the
femur. Some anterior motion is
normal. A distinct endpoint
should be encountered (Figure
4-105B)

External rotation tightens the
posteromedial portion of the
joint capsule, reducing anterior
movement. If the anterior
movement with the leg in the

FIGURE 4-105. Anterior Draw Test. The tibia is drawn
toward the examiner. Positive anterior draw sign: Torn ante-
rior cruciate ligament.

neutral position is equal to the anterior movement with the leg externally rotated, the pos-
teromedial joint capsule and the AC may be damaged

Internal rotation tightens the posterolateral joint capsule. If the anterior movement with
the leg in the neutral position is equal to the anterior movement with the leg internally
rotated, the posterior lateral joint capsule and the ACL may be damaged

The test is not very sensitive because hemarthrosis, hamstring spasm, and other struc-
tures (i.e., the posterior capsule) can limit forward movement of the tibia

The posterior draw tests the posterior cruciate ligament

The patient and examiner are in the same positions as for the anterior draw test

The examiner pushes the tibia away from himself

A positive test occurs when the tibia slides backward on the femur. Some posterior move-
ment is normal; a distinct endpoint should be encountered

Sag Test

e This is a test for the patency of the pos-

terior cruciate ligament

The patient is supine with the knee
flexed to 90° with the foot on the exam

table

The test is positive if the tibia is dis-
placed posteriorly. Comparison should

be done with the contralateral side

The test can also be done with the
patient supine with the hip and knee
flexed to 90° and the heel held in the

examiner’s hand

FIGURE 4-106. Positive Posterior Draw Sign: Torn
Posterior Cruciate Ligament.
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Lachman’s Test (Figure 4—107)

e This test is used to assess ACL integrity and
anterior knee integrity

* Anterior tibial translation is evaluated

* The patient is supine. The knee is flexed at
15-30°. The examiner grasps the distal femur
with one hand and the proximal tibia with
the other hand

e The femur is stabilized and anterior force is
applied to the tibia

o A positive test yields significant anterior
movement with no distinct endpoint FIGURE 4-107. Lachman’s Test. Photo

e Apartial ACL tear may yield a test with a soft ~ courtesy of JFK Johnson Rehabilitation
end point Institute, 2000.

Lachman’s vs. Anterior Draw Test

. Lachman’s test may be more difficult for clinicians to perform but tends to be more
sensitive

¢ In the anterior draw test knee is positioned so that the hamstrings have a mechanical
advantage. Increased hamstring activity can inhibit tibial translation, causing a false neg-
ative test

* A torn meniscus can act as a block to tibial motion, again causing a false negative while
doing the anterior draw test

Collateral Ligament Testing (Figure 4—108)

e This tests the integrity at the medial and lateral collateral ligaments by imposing valgus
and varus stress

¢ With the patient supine, the examiner tucks the patient’s ankle under the examiner’s arm.
The thumbs of both hands palpate the medial and lateral joint lines

e If a valgus stress is applied and the medial joint line gaps, the medial collateral ligament
may be damaged (Figure 4-108A)

¢ If avarus stress is applied and the lateral joint line gaps, the lateral collateral ligament may
be damaged (Figure 4-108B)

Medial force_

Lateral force  exerted by -
S exerted by axaminer —=—
[ =T examiner
Stabilizing
Stablllzmg r__,_,__-—ﬁ—"" force
force
A. Medial joint line laxity B. Lateral joint line laxity

occurs when MCL is f occurs when LCL is
darmaged. | damaged.

FIGURE 4-108. Collateral Ligament Testing. A. Test for integrity of the medial collateral ligament.
(MCL) B. Test for integrity of the lateral collateral ligament (LCL).
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* The knee may be tested in full extension and at ~25° of flexion to relax the fibers of the pos-
terior joint capsules

5 mm of motion is considered a Grade I tear

5 to 10 mm is considered a Grade II tear

> 10 mm is considered a complete interstitial tear

Be aware that muscle guarding may cause a false negative test

[]
KNEE DISORDERS

MENISCAL INJURIES
General

* Medial meniscus injuries are associated with cutting injuries. They occur with tibial rota-
tion while the knee is partially flexed during weight bearing (football, soccer)

¢ Lateral meniscus injuries occur during squatting. Full flexion with rotation is the usual
mechanism (wrestling)

Clinical

* Acute tears
— Acute tears are often associated with a pop after a specific inciting incident
They may cause true locking
Posterior horn tears of the medial meniscus are common and occur with valgus and
external rotation
Effusions may occur within 24 hours
Patients frequently complain of knee stiffness
® Degenerative tears
— These may involve minimal trauma
— They usually occur in patients > 40 years old
— Impingement episodes may be minimal
* PE
— Range of motion is decreased
= Effusion will limit flexion
= Meniscal fragment impingement will limit extension
— Tenderness
= There will be tenderness of the medial joint line for medial meniscus damage
= Lateral joint line tenderness indicates the lateral meniscus damage
— Tests
= Apley and McMurray

Imaging

* MRI is the gold standard in diagnosing meniscal tears
e Arthrograms are less expensive than MRI but more invasive because they require injec-
tions of dye into the joint to assess meniscal integrity

Treatment

® The inner two-thirds of the meniscus is not well vascularized. Therefore, injuries of that
segment will often require surgical removal of the damaged tissue
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e Injuries to the outer one-third of the meniscus are usually repaired due to better vascular
supply

e If the meniscus is repaired, generally the patient is non-weight bearing for 4-6 weeks.
Strengthening proceeds at that time

e If the meniscus is removed, generally the patient

. X . . Lateral i
is weight bearing as tolerated in 1-2 days menisous, | \ 5&?&'@ '
) ligament
P Popliteus \ Anterior
ACL INJURIES (Figure 4-109) tendon ruciate
General df;;em
. .. Fibular meniscus
e The ACL is the most commonly injured knee collateral Tibial
ligament in athletics (football, soccer, downhill ligament collateral
skiing) ligament

e The mechanism of injury is usually cutting, de-
celeration, and hyperextension of the knee
— Noncontact injuries are most common
— Contact injuries may often involve other
structures
= Greater than 50% of ACL tears occur with ~ FIGURE 4-109.  Anatomy of the Anterior
meniscal tears Cruciate Ligament.
= The terrible triad or O’'Donoghue’s Triad
involves simultaneous injury to the ACL, medial collateral ligament (MCL), and
medial meniscus because of the attachment of the MCL to the medial meniscus
= This injury occurs when a valgus force is applied to a flexed and rotated knee

Patellar ligament

Patella

Clinical

e History
— There is a sudden pop and anterior knee pain with posterior lateral joint line pain
— Instability of the knee is common
— Early swelling and, within 24 hours, a significant effusion will be present
e PE
— An effusion is noted on clinical inspection
— Tenderness is variable and associated with meniscal tears and avulsion fracture
— The anterior drawer test may be positive or yield a false negative
— [ Lachman’s test may be positive or can yield a false negative ~10% of cases. It is
examiner dependent and also influenced by muscle guarding

Imaging and Testing

e Xrays may show an avulsion fracture of either the tibial insertion of the ACL or the lateral
capsular margin of the tibia

e Arthrocentesis can be performed to relieve pressure and pain and will generally return
blood or a sanguinous fluid in ACL tears

* MRI is considered to be 85% to 90% accurate

e Arthroscopy is close to 100% accurate

Treatment

e Initially partial weight bearing, ice, and compression are used while evaluation is ongoing
e If reconstruction is undertaken:

— Partial weight bearing is maintained initially

— Range of motion is instituted to regain flexion over the first 2 weeks



MUSCULOSKELETAL MEDICINE = 223

— Progress to closed chain kinetics is then undertaken

— Sports specific exercises may be started in 6-12 weeks

— Complete rehabilitation in one year is the goal with maximum range and strength and
agility

PCL INJURIES
General

¢ The most frequent cause of PCL injury is impact to the front of the tibia with the knee
flexed (dashboard injury)

¢ In athletics, hyperflexion is a common means of PCL injury

® PCL injuries are much less common than ACL injuries

Clinical

e History
— The initial injury may or may not be associated with a pop
There may be minimal swelling initially, increasing over 24 hours
The ability to fully extend may be impaired
— The patient may be able to bear weight without pain
e PE
— An effusion may be present
— Popliteal tenderness is a common finding in the acute phase
— Posterior drawer test and sag tests may be positive (quadriceps spasms may cause a
false negative)

Imaging

¢ Xrays may show an avulsion
* MRI is less accurate than for ACL tears
¢ Arthroscopy has a higher accuracy than MRI

Treatment

e Surgical repair is indicated if the ligament is avulsed with a tibial fragment
® There is some controversy over surgical repair of an otherwise isolated PCL tear
® Attention to quadriceps strengthening is important

MCL TEARS
General

* MCL tears are common in football and skiing

¢ Impact force to the lateral knee is often the mechanism of injury

* However, MCL tears may occur without a direct blow. A sustained valgus force may also
cause the injury

Clinical

e History
— Often there is a lateral blow to the knee and a pop
— Medial knee pain is often immediately present
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— Complete tears may allow walking and running after initial pain
— The knee becomes stiff in several hours
e PE
— Medial swelling and tenderness may be present and variable
— Minimal effusion may be present
— Medial instability on stress testing is present
— The triad of MCL tear, ACL tear, and medial meniscal tear (O’'Donaghue’s Triad) is a
possible complication and requires evaluation

Imaging

* Radiographs may reveal an epiphyseal fracture
e MRI is useful to delineate the MCL tear and also to investigate associated injuries (i.e., to
the ACL and medial meniscus)

Treatment

e Isolated MCL tears may be treated conservatively

® The knee can be braced

® Rehabilitation focuses on strengthening and stability

e Epiphyseal fractures may be present with or without medial collateral tears

LATERAL COLLATERAL LIGAMENT TEARS

e Tears of the LCL usually are the result of knee dislocations

e Consideration should be made of associated vascular injuries and cruciate and peroneal
nerve injuries

e Isolated LCL injuries are rare

ILIAL TIBIAL BAND SYNDROME (ITB SYNDROME)
General

e The ITB slides over the lateral femoral condyle with the knee in flexion and extension

® The ITB extends from the tensor fasciae latae distally in the lateral leg to insert on Gerdy’s
tubercle on the lateral tibia

e Inflexibility of the ITB and adductor/abductor muscle imbalances lead to the dys-
function

Clinical

e The patient presents with pain over the lateral femoral condyle, which is made worse by
running and walking

* The patient adapts by externally rotating the hip, internally rotating the lower leg, and
pronating the foot

e ITB tightness is evaluated by the Ober test. (For description of Ober test refer to the hip
section.)

* Knee pain associated with ITB tightness is further assessed by the following: The patient
extends the knee and at ~30° experiences pain over the lateral femoral condyle as the ITB
crosses the bony prominence

Imaging

e Radiographs are useful to evaluate possible avulsion



MUSCULOSKELETAL MEDICINE = 225

Treatment

e Stretching the ITB, hip flexors, and gluteus maximus is central to rehabilitation

¢ Strengthening the hip adductors, gluteus maximus, and Tensor Fasciae Latae (TFL) is also
important

* Orthotics may be helpful and foot overpronation must be corrected

¢ Injection at the lateral femoral condyle may be necessary in resistant cases

PATELLA RELATED INJURIES

The stability of the patella is dependent upon three main characteristics
1. Depth of the intercondylar groove
2. Proper contour of the patella
3. Adequate muscular control
¢ The normal patellar motion is vertical
¢ At full extension the applied force of the quadriceps approximating the patella to the
condyles is reduced
¢ Patellofemoral weight bearing increases with knee flexion
— Walking: 0.5 times body weight
— Ascending or descending stairs: 3.3 times body weight
— Squatting: 6.0 times body weight
¢ In hyperextension there is a tendency for the patella to separate from the femur. The lateral
lip of the patellar surface of the femur acts to prevent subluxation

RECURRENT PATELLAR SUBLUXATION
General

e If a congenital malformation causes a less prominent lateral lip or a more prominent
medial lip, the patella may dislocate laterally in full extension

¢ Increased genu valgum laterally displaces the patella

¢ Increased genu varum medially displaces the patella

Excessive genu recurvatum elongates the patellofemoral structures causing loss of patella

condylar contact

Vastus medialis weakness allows lateral displacement

Tibial external torsion can cause lateral displacement

A shallow lateral femoral condyle can cause lateral displacement

Alaterally attached infrapatellar tendon on the tubercle can cause lateral displacement

Clinical

The patella may be displaced medially or laterally in the acute phase
The knee tends to buckle after a subluxation

Pain and tenderness are present in the peripatellar region

An effusion may be present

Wasting of the vastus medialis may be present

Full extension may be impaired

The patella will often reset at 25-30° of flexion

Imaging

¢ Radiographs
— The AP view visualizes the patellar position over the sulcus
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— The lateral view ascertains the patellar height and is done at 45° of knee flexion and in
full extension

— The sunrise or tunnel view ascertains the patellofemoral articulation and femoral
condyle height

Treatment

See below for treatment of patellofemoral pain and overload syndrome

PATELLOFEMORAL PAIN AND OVERLOAD SYNDROME (RUNNER’S KNEE, BIKER’S
KNEE)

General

e This may be the most common anterior knee pain syndrome

e [t is an overuse injury caused by repeated microtrauma leading to peripatellar synovitis

® The predisposing conditions noted above in recurrent patellar subluxation apply for this
syndrome. They are both patellar tracking problems

Clinical

The syndrome presents as anterior knee pain of acute or insidious onset
An effusion may be present
Crepitus may be present on range of motion
Ascending or descending stairs tends to aggravate the condition
Patellar compression by the examiner produces the pain in the patellofemoral compartment
Examination may reveal a high riding, laterally shifted patella (patella alta). This condition
is due to vastus lateralis tightness and relative medial weakness causing tracking dys-
function
* A low patella (patella baja) is less common and may indicate quadriceps rupture
e Examination of the knee in the last 30° of extension is important
e Atight lateral retinaculum and/or VMO dysplasia can lead to lateral patellar shift or shear
stress resulting in cartilage damage
® Rotation of the patella also indicates evidence of muscle imbalances:
— Patellar internal rotation is given the term “squinting” patella
— Patellar external rotation is given the term “frog’s eye” patella
e Tight hip flexors can alter gait and cause symptoms
— Check with the Thomas test (see the hip section)
® Measure Q angle. Normal: females should be ~18°, males should be ~13°
e Tight abductors can also alter gait
— Check with the Ober test (see the hip section)
e Tight hamstrings can increase patellofemoral loading
e Check with the straight leg raise test

Imaging

Radiographs

e The AP view visualizes the patellar position over the sulcus

* The lateral view ascertains the patellar height and is done at 45° of knee flexion and in full
extension

e The sunrise or tunnel view ascertains the patellofemoral articulation and femoral condyle
height
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MRI
* MRI is not often used to assess patellofemoral pain. Articular degeneration may be seen
(see chondromalacia patella)

CT

e CT is useful if growth plate injury is suspected

e [t can evaluate the stage of patellar subluxation present in the last 15° of flexion that plane
films may not reveal

® CT can also reveal and delineate tumors

Bone Scan

® Bone scan is useful to evaluate symptoms present < 4 months of uncertain diagnosis

e It is a useful technique to detect intra-articular processes: Osteochondritis dissecans,
osteomyelitis, or tumor

Treatment—Nonsurgical

® The vast majority is successfully treated by conservative means
¢ Controlling symptoms is of primary concern achieved by:
- Decreasing pain
— Increasing strength
— Increasing range of motion
* Activity modification
— For active individuals: Reduce the pace of activities that increase patellofemoral stress
(climbing, jumping, squatting)
— For inactive individuals: Institute baseline exercises and progress incrementally as tol-
erated
e Ice 10-15 minutes four to six times per day is used in the acute phase. This may be required
before and after activity in the subacute phase
* Nonsteroidal anti-inflammatory medications should be used acutely and then tapered off
as pain decreases
¢ Therapeutic exercise
— Strengthening of the quadriceps, especially the VMO, is important
= Short arc quadriceps activities (0-15°)
= [sotonic quadriceps strengthening with eccentric loading in a nonpainful range of
motion
= [sometric quadriceps contractions (quad sets)
= Straight leg raising
= Stretching of the hamstrings, iliotibial band, adductors, and vastus lateralis is also
important to balance forces
= Proprioceptive exercises are used after initial strengthening and stretching
= Increase activity when ROM is full and pain free and strength is 80% of normal
¢ Patellar taping
— Avvery useful adjunct in therapy, the patella is taped in position to allow pain-reduced
range of motion
= [t provides proprioceptive feedback to alter patellar tracking
= Also it helps to balance contractile forces between the vastus lateralis and medialis
e Patellar bracing (knee sleeving with patellar cutout or strap)
= Provides proprioceptive feedback
= May prevent reinjury
= Can allow the patient to resume activity
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Treatment—Surgical

Consider surgical referral if:

¢ Conservative measures fail after 4-6 months

* An obvious surgical lesion exists

— Surgery may involve:

= Lateral release of the knee capsule and retinaculum
= Patellar realignment
= Patellar tendon transfer
= Patellectomy

CHONDROMALACIA PATELLA
General

¢ Characterized by softening of the patellar articular cartilage

¢ It is the culmination of cartilage degeneration

e Chondromalacia patella is essentially an arthroscopic diagnosis. The cartilage appears
roughened or fibrillated on arthroscopy

¢ Chronic patellofemoral overload and tracking dysfunctions may predispose to this condi-
tion. Therefore, the functional and anatomic conditions noted in recurrent patellar sublux-
ation and patellofemoral overload syndrome apply

* Degradation of the articular cartilage of the patella may also result from infection, trauma,
or autoimmune processes

Clinical

The presentation of chondromalacia patella is clinically the same as for patellofemoral pain
and overload syndrome described previously

Imaging

¢ The imaging workup of chondromalacia patella is the same as for patellofemoral pain and
overload syndrome as above. CT or MRI may detect defects in the articular cartilage of the
patella which is the distinguishing characteristic of this disorder

Treatment

* Because abnormal patellar mechanics are often the cause of chondromalacia patella, treat-
ment will follow the treatment already described for patellofemoral pain and overload
syndrome

PLICA
General

¢ This is a condition marked by a redundant fold of the synovial lining of the knee

* The synovial lining extends from the infrapatellar fat pad medially around the femoral
condyles and under the quadriceps tendon above the patella and lateral to the lateral reti-
naculum

® The redundant synovia is susceptible to tearing as it passes over the condyles

¢ Plica can occur in the mediopatellar, infrapatellar or suprapatellar regions

Clinical

¢ The patient may present with anterior knee pain of insidious onset
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® There may be gradually increasing pain with prolonged knee flexion or sitting, made
worse by standing and extension

e After direct trauma, such as ACL tears or meniscal tears, the plica can become inflamed
and symptomatic

* The knee may give the sensation of buckling if the plica is trapped between the patella and
medial condyle

e Careful palpation with knee flexion and extension may detect a plica

® Snapping with knee extension may occur if the plica is fibrosed

Imaging and Testing

® Because plica often accompanies patellofemoral dysfunction, the imaging workup corre-
lates with that for patellofemoral pain and overload syndrome. MRI, arthrogram, and
arthroscopy are all useful in evaluating for plica

Treatment

e The treatment would follow that of patellofemoral syndrome as previously outlined.
Surgical excision can be done if conservative measures fail

JUMPER’S KNEE
General

e Jumper’s knee is patellar tendinitis often associated with micro-tears of the tendon

This is considered to be an overuse syndrome of the patellofemoral extensor unit. It is
associated with high quadriceps loading: jumping, squatting, and kneeling

The most common site of involvement is the inferior pole of the patella

The superior pole of the patella or the insertion over the tibial tubercle may also be sites of
involvement

Clinical

¢ The patient presents with pain on activity

¢ The pain may diminish during the course of the activity session and become more
apparent afterward

® There will be tenderness on palpation over the inferior or superior pole of the patella

Imaging
® Generally the radiographic workup done for patellofemoral syndrome is done to evaluate
bony anatomy

Treatment

e Treatment follows the guidelines for patellofemoral overload syndrome previously
described

OSTEOCHONDRITIS DISSECANS
General

¢ This process is in a localized segmental area of avascular necrosis of the end of a long bone
¢ This results in the formation of dead subchondral bone covered with articular hyaline cartilage
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* The overlying cartilage degenerates around the defect and an entire piece may detach from
the rest of the bone, entering the joint space as a loose body

e The usual area of involvement in the knee joint is the medial femoral condyle

® The condition primarily tends to affect adolescents

Clinical

* The patient may experience joint pain and irritation, synovial effusion, and a buckling sen-
sation

® The presence of a loose body may cause locking

Imaging

e The area of involvement may be visible on radiographs or CT

Treatment

* The healing of the defect may occur if the diagnosis is made before the fragment separates
— The knee must be placed at rest and protected from weight bearing

e If healing does not occur or if the fragment becomes detached, the lesion will require sur-
gical excision

||
LOWER EXTREMITIES—THE LOWER LEG

FUNCTIONAL ANATOMY
MuscLE GRrouPs

There are three groups of muscles in the leg, anterior, lateral, and posterior, defined by their
relation to the tibia

Anterior Muscle Group (Figure 4-110)

¢ This group is composed of dorsiflexors of the ankle and extensors of the toes
® Dorsiflexors and invertors

— Tibialis anterior (deep peroneal nerve, L4, L5)

— Extensor hallucis longus (deep peroneal nerve, L4, L5) great toe extensor
¢ Dorsiflexors and everters

— Extensor digitorum longus (deep peroneal nerve, L4, L5) toe extensor

— Peroneus tertius (deep peroneal nerve, L4, L5)

Lateral Muscle Group (Figure 4-111)

® Peroneus brevis (superficial peroneal nerve, L5, S1) eversion, weak plantar flexor
® Peroneus longus (superficial peroneal nerve, L5, S1) eversion, weak plantar flexor
Posterior Muscle Group (Figure 4-112)

e Gastrocnemius (tibial nerve, L5, S1, S2) plantar flexor
¢ Plantaris (tibial nerve, L5, 51, S2) weak plantar flexor
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FIGURE 4-110. Anterior Muscle Group of

Tibia

Peroneus
brevis
5th metatarsal

Peroneus longus

the Leg.

FIGURE 4-111.

® Soleus (tibial nerve, L5, S1, 52) plantar flexor

¢ Flexor digitorum longus (tibial nerve, L5, 51, S2)
flexion lateral four toes, inversion, plantar flexor

e Tibialis posterior (tibial nerve, L5, S1, S2)
inversion and plantar flexor

¢ Flexor hallucis longus (tibialis nerve, S2, S3)

e Popliteus (tibial nerve, L5, S1, S2) internal
rotation of the leg on the femur

COMPARTMENTS (Figure 4-113)

There are four compartments of the lower leg:
e Anterior

¢ Lateral

¢ Deep posterior

¢ Superficial posterior

The anterior compartment comprises the tibialis
anterior, extensor digitorum longus, extensor
hallucis longus, and peroneus tertius muscles;
the anterior tibial artery and vein; and the
common peroneal nerve

Lateral Muscle Group of the Leg.

Gastrocnemius

FIGURE 4-112. Posterior muscles of the
leg. A. Posterior plantar flexion.

B. Posterior plantar flexion, Intermediate
deep layer of posterior muscle group.

C. Posterior aspect, superficial layer of pos-
terior muscle group.

The lateral compartment comprises the peroneus longus and brevis muscles; the superficial per-
oneal nerve; the common peroneal nerve dividing into the superficial and deep branches
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The deep posterior compartment com-
prises the flexor digitorum longus, flexor
hallucis longus, tibialis posterior, and
popliteus muscles; the posterior tibial
artery and vein; and the tibial nerve

The superficial posterior compartment
comprises the gastrocnemius, plantaris,

anterior compartment

deep posterior
compartment ™,

interosseous

and soleus muscles

superficial
posterior

lateral compartment

compartment

FIGURE 4-113. Lower Leg Cross Section. (Note:
Compartments).

| ]
DISORDERS OF THE LOWER LEG

CHRONIC EXERTIONAL COMPARTMENT SYNDROME (CECS)

General

This condition is marked by raised intracompartmental pressure

Pressure increases have been measured during and after exercise

Nerve impingement can result from high intracompartmental pressures during or after
exercise

Tissue ischemia may result due to restricted arterial inflow, obstruction of microcircula-
tion, or arteriolar or venous collapse

The pain associated with this syndrome could also be due to: Sensory receptor stimulation
in fascia or periosteum caused by high pressure, or the release of biochemical factors
caused by reduced blood flow

Lower leg pain may also be caused by tibial stress fractures or periostitis. These syndromes
may occur concurrently with CECS

Clinical

Typically in CECS, pain will occur with exercise and progress as the activity increases in
intensity

Pain will usually diminish after the activity is stopped. Occasionally it may persist if the
exercise session was particularly demanding

Neurologic involvement can cause weakness and numbness

Anterior CECS can cause dorsiflexor weakness and numbness over the first web space
of the dorsum of the foot (deep peroneal nerve)

Lateral CECS can cause dorsiflexor weakness and first web space numbness (deep per-
oneal nerve) or everter weakness and numbness of the dorsum of the foot and antero-
lateral distal shin

Deep posterior CECS can cause cramping of the foot intrinsics and numbness of the
medial arch of the foot (tibial nerve)

On palpation, the compartment may be firm and, after exercise, deep palpation may be
painful

Fascial hernias may be palpable

Rarely are distal pulses diminished
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Imaging and Testing

MRI has been found useful by some practitioners to diagnose CECS but a general con-

sensus on its usefulness is pending

Plain films, CT, bone scan, and MRI help to investigate other sources of leg pain

EMG and nerve conduction studies may help diagnose unrelated sources of symptoms

EMG/NCS pre- and post-exercise have been tried as a diagnostic tool with limited results

Compartment pressure studies (using manometric technique) are the best means to eval-

uate CECS

— Elevated pressures should coincide with reproduction of the exact pain syndrome

— Pressures are measured pre- and post-exercise. A delay in return to pre-exercise pressure
levels of 6-30 minutes is required for a positive test

Treatment

At present, the most effective treatment for CECS is fasciotomy

ACUTE COMPARTMENT SYNDROME (ACS)

General

Perfusion of muscle and nerve tissues decreases to a level inadequate to sustain the via-
bility of these tissues

In compartment syndrome, the intracompartmental tissue pressure becomes elevated and
produces a secondary elevation in venous pressure that obstructs venous outflow. An esca-
lating cycle of continued increase in intracompartmental tissue pressure occurs

Necrosis of muscle and nerve tissue can develop in as little as 4-8 hours

® Thus, treatment of ACS constitutes a surgical emergency
¢ ACS most commonly follows trauma in association with fractures of the long bones of the

leg or forearm

The volar aspect of the forearm and the anterior compartment of the leg (shin area) are the
most commonly affected

If untreated, tissue necrosis can develop with secondary muscle paralysis, muscle con-
tractures and sensory impairment. This process is called Volkmann'’s ischemic necrosis and
results in claw hand or foot caused by contractures of the ischemic muscle

Clinical

Intractable pain and sometimes sensory hypesthesia distal to the involved compartment

[usually top of foot (and median distribution in the hand)] are the most important early

symptoms

The characteristics are pain, paresthisias, and paralysis (P characteristics)

Exam:

— Remove cast or dressing if present

— Manometric measurement (with catheter insertion) of suspicious increases in compart-
ment syndrome is mandatory

— The most important physical sign is extreme pain on stretching the long muscles passing
through a compartment (plantar flexion of toes or full extension of fingers will stretch
muscles of the forearm or shin)

— Note: Pulses are usually completely normal in ACS because the intracompartmental
pressure rarely exceeds systolic or mean arterial pressure levels

Diagnostic Testing

Manometric techniques are available to measure compartment pressure directly
General guidelines indicate the presence of a compartment syndrome when the diastolic
pressure minus the intracompartmental pressure is < to 20 mmHg
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Treatment

¢ In ACS muscle necrosis may develop in 4-8 hours

* When diagnosis is made, a surgical fasciotomy of the compartment is essential. The
wound is left open with delayed closure or skin grafting performed after edema subsides

¢ Without immediate treatment, ACS may result in permanent loss of function. The muscles
necrose, scar, and shorten. Fingers and toes often claw and have little motion

MEDIAL TIBIAL STRESS SYNDROME(MTSS)/“SHIN SPLINTS”
General

¢ This condition has been termed shin splints and is a common cause of exercise-induced leg
pain

e It is a type of overuse injury that results from chronic traction on the periosteum at the
periosteal-fascial junction

* The periosteum may become detached from the bone due to ballistic overload

* A fibrofatty filling may occur at the site of the defect

e The attachment of the soleus muscle along the medial tibia may be the most likely site of
avulsion

¢ In some cases, the other deep flexors of the foot are involved

* The main predisposing factor to shin splints is hyperpronation

General

¢ The patient presents with the gradual onset of pain along the posteromedial border of the
tibia

¢ Pain may decrease with exercise and then become more apparent after the completion of
the activity and last until the next morning

¢ There will be tenderness on palpation along the medial tibial border, either of its entire
length or for as little as 2-4 cm

® There may be a history of repetitive running on hard surfaces and inappropriate warm-up,
or inappropriate footwear

e There may be a history of excessive use of the foot flexors, as in jumping

¢ Frequently linked with recent change of footwear

Imaging

¢ Plain films will be normal. Bone scan may reveal areas of uptake along the medial tibial
border in the third phase. MRI will help rule out a stress fracture

Treatment

* Rest is the first point in management of MTSS

¢ Rest may involve decreasing the volume of the inciting activity (relative rest) or avoidance
of the activity

* When pain is present at rest or with normal walking, crutch walking is indicated

¢ Icing and stretching is also done initially

Return to activity should be gradual and occurs when the patient is pain free for several

days

Training should start at 50% of preinjury level for intensity and distance

Soft level surfaces should be used initially

Orthotics are useful to correct over-pronation or forefoot varus

Fasciotomy of the posteromedial fascia may be required in resistant cases
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STRESS FRACTURES

General

Tibial stress fractures are the most commonly occurring stress fractures in running sports

They are a common cause of lower leg pain in athletes with an incidence of 25% in those

with lower extremity pain

Stress fractures occur when repetitive loading causes irreversible bone deformation.

Microfractures develop and with continued overuse they can coalesce and propagate

through the bone to become a symptomatic stress fracture

Conditions of low bone mineral density impose a higher risk for stress fractures. These

include:

— Females with late onset of menses

— Individuals with low body weight (< 75% ideal body weight)

— Poor nutrition correlates with lower calcium intake

— Tobacco and alcohol use

Biomechanical conditions can lead to a higher risk of stress fracture

— Over-pronation places higher stress on the fibula and tibia (i.e., genu valgum and a wide
gait pattern may cause over-pronation)

— Leg length discrepancies, muscle imbalances, lack of flexibility, and malalignment
factors can also place high forces on the lower leg

Extrinsic factors can lead to stress fractures

— The classic training errors of increasing intensity and length of activity abruptly or
causing excessive fatigue increase the chances of stress fractures

— Running on hard surfaces or using worn-out shoes may also be a cause

TABLE 4-2 Incidence of Lower Extremity Stress Fractures in Runners

Bone Incidence (%)
Femoral neck 7
Femoral upper shaft 5
Distal femoral shaft 2
Fibula 24
Tibia metaphysis 7
Tibia upper shaft 12
Tibia midshaft 11
Tibia distal shaft 4
Metatarsals 20
Second 11
Third 7
Other 2
Sesamoid
Os calcis, talus, navicular 2

(DeLisa 1993. Table 54-2 with permision)

Clinical

There will be pain at the onset of activity that initially may be a deep ache
As activity progresses, the pain becomes more severe

The pain will be localized to the fracture site

Night pain may occur
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® On palpation, there is tenderness local to the fracture site
® There may be swelling and redness at the fracture site

Imaging

Plain Films

e This is the first line of investigation

e Stress fractures may not be seen for 2-3 weeks after symptoms develop

e Periosteal thickening appears first, followed by cortical lucency

® The linear stress fracture appears as a lucency within a thickened area of cortical hyperos-
tosis during healing

Bone Scan

* Bone scans are used when radiographs are negative and stress fracture is highly suspected

® Bone scans are very sensitive (close to 100%) but low in specificity

® A positive scan will yield focal increased uptake in the third phase

e Tumors, osteomyelitis, bony infarct, and bony dysplasias can also cause localized
increased uptake

CT Scan
e CT scan can reveal fracture lines not visualized with plain films
e CT can also differentiate other lesions that cause increased uptake on bone scan

MRI

* MRI is becoming the first-choice means of investigating stress fracture

e MRI has comparable sensitivity to bone scan

® MRI can also visualize the fracture and differentiate between fracture and other lesions

Treatment

e Treatment is dependent on the severity of the fracture, its site, and length of symptoms

e If there is pain on normal ambulation, the patient should be non-weight bearing for 7-10

days

Those without pain on normal ambulation should avoid aggravating the injury

NSAIDs and ice may be used initially to control pain

Muscle strengthening and stretching can begin immediately

Nonimpact activities such as cycling and swimming can be used to maintain cardiac

fitness

e At least 1-2 weeks of pain-free normal ambulation should be achieved before returning to
impact activity

e Impact activity is started cautiously at low intensity for short periods (10-15 minutes) in
the first few days and increased incrementally as tolerated

e Orthotics are a useful adjunct to treatment and may decrease impact force and help correct
excessive supination or pronation

e Softer running surfaces should be considered

e Calcium intake should be 1500 mg QD with 400-800 IU of vitamin D



MUSCULOSKELETAL MEDICINE m 237
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LOWER EXTREMITY—ANKLE AND FOOT REGION

FUNCTIONAL ANATOMY
Ankle Mortise (Figure 4-114)

* Distal tibia
— Forms the medial malleolus and the superior articular surface of the ankle mortise joint
¢ Distal fibula
— Forms the lateral malleolus and its superior articular surface of the ankle mortise joint
= The lateral malleolus extends more distally than the medial malleolus, making it very
important in ankle stabilization
¢ Talus
— The talus is made up of four parts
= Body, neck, head, and dome
= [t has a fragile blood supply, which may lead to complications of healing

Bones of the Foot (Figure 4-115)

e 7 tarsals

— 1- Talus

— 1- Calcaneus

— 1- Navicular

— 1- Cuboid

— 3- Cuneiforms

s Medial, intermediate, lateral

e 5 metatarsals (1-5)

¢ 14 phalanges
— Proximal, middle, distal
— The great toe has just proximal and distal pha- Phalanges
langes
e 2 sesamoid
— located on the plantar surface of the head of the
first metatarsal
Metatarsais
Cuneiforms
fibula tibia Cuboid
Navicular
talus N\ ———— Transverse
tarsal joint
navicular Talus
metatarsals
Talar articular
surface for
tibia
Calcaneus

phalanges

FIGURE 4-115. Bones of the Foot
FIGURE 4-114. Ankle Mortise. and Ankle: Dorsal View.
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Ligaments of the Ankle (Figure 4-116)

e Lateral aspect
- Anterior talofibular ligament (ATFL)
. Primary lateral ankle ligament stabilizer
. Most commonly injured ligament
— Posterior talofibular ligament (PTFL)
— Calcaneofibular ligament (CFL)
e Medial aspect
— Deltoid ligament is one large ligament that consists of four parts broken down into deep
and superficial areas
= Deep (more important in maintaining stabilization)
+ Anterior tibiotalar
+ Posterior tibiotalar
= Superficial
+ Tibionavicular
+ Tibiocalcaneal
= The deltoid ligament maintains the close proximity of the medial malleolus and talus
preserving the medial longitudinal arch of the foot
® Anterior aspect
— Syndesmotic ligaments
= Four ligaments that maintain the integrity of the distal tibia and fibula as well as
resisting any forces that would separate the two bones
e Ligaments
1. Anterior tibiofibular ligament
2. Posterior tibiofibular ligament
3. Transverse tibiofibular ligament
4. Interosseous ligament

Posterior | | |
tibiofibular Anterior
ligament tibiotalar Posterior

tibiotalar

Anterior
Posterior tibiofibular Tibionavicular
talofibular ligament -
ligament Tibiocalcaneal

ligament

Medial
talocalcaneal
ligament

Calcaneo-
fibular
ligament

Anterior
talofibular
ligament

| Plantar calcaneonavicular
Lateral Interosseus “spring” ligament

A Lateral . B. Medial
Talocalcaneal ligaments

FIGURE 4-116. Ligaments of the Ankle and Subtalar Joint. A. Lateral View. B. Medial View.
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Ligaments of the Foot

e Lisfranc ligament
— Connects the second metatarsal head to the first cuneiform
e Transverse metatarsal ligament

Range of Motion of the Foot and Ankle

¢ Ankle

— Dorsiflexion: 20°
— Plantar flexion: 50°

* Foot

— Subtalar joint
= Inversion: 5°
s Eversion: 5°

— Forefoot
= Abduction: 10°
= Adduction: 20°

— First MTP
» Flexion: 45°
= Extension: 80°

ANTERIOR
Inversion Eversion
Dorsiflexion Tibialis anterior (Deep peroneal Extensor digitorum longus (Deep
nerve, L4, L5) peroneal nerve, L5, S1)
Extensor hallucis longus (Deep Peroneus tertius (Deep peroneal
peroneal nerve, L5, S1) nerve, L5, S1)
Plantarflexion Tibialis posterior (Tibial nerve, L4, L5) Peroneus longus (Superficial
Flexor digitorum longus (Tibial nerve, peroneal nerve, L5, S1, S2)
S1, 52) Peroneus brevis (Superficial
Flexor hallucis longus (Tibial nerve, peroneal nerve, L5, S1, 52)
S2, S3)
Plantaris (Tibial nerve, S1, S2)
Gastrocnemius (Tibial nerve, S1, S2)
Soleus (Tibial nerve, S1, S2)
Posterior Lateral
Foot Motion

¢ Toe flexion

— Flexor digitorum longus (tibial nerve, 52, S3)

— Flexor hallucis longus (tibial nerve, 52, S3)

— Flexor digitorum brevis (medial plantar nerve [tibial], S2, S3)

— Flexor hallucis brevis (medial plantar nerve [tibial], S2, S3)

— Quadratus plantae (lateral plantar nerve [tibial], S2, S3)

— Interossei (lateral plantar nerve [tibial], S2, S3)

— Flexor digiti minimi brevis (lateral plantar nerve [tibial], S2, S3)

— Lumbricals first lumbrical (medial plantar nerve [tibial]); second lumbrical; third lum-
brical, fourth lumbrical (lateral plantar nerve [tibial] S2, S3)

¢ Toe extension
— Extensor digitorum longus (deep peroneal, L5, S1)

— Extensor hallucis longus (deep peroneal, L5, S1)

— Extensor digitorum brevis (deep peroneal, S1, 52)

— Lumbricals: first lumbrical (medial plantar nerve [tibial]); second lumbrical, third lum-
brical, fourth lumbrical (lateral plantar nerve [tibial], S2, S3)
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¢ Toe abduction
— Abductor hallucis [medial plantar nerve (tibial), S2, S3]
— Abductor digiti minimi [lateral plantar nerve (tibial), S2, S3]
— Dorsal interossei [lateral plantar nerve (tibial), S2, S3]
e Toes adduction
— Adductors hallucis [lateral plantar nerve (tibial), 52, S3]
— Plantar interossei [lateral plantar nerve (tibial), S2, S3]

||
DISORDERS OF THE ANKLE

LATERAL ANKLE DISORDERS
LATERAL ANKLE SPRAINS (FIGURE 4-117)
General

® Most common ankle sprain accounting for up to
85% of all ankle sprains result from plantar flexion
inversion injuries causing lateral ankle sprains
* Anatomy: Ligaments
* Anterior talofibular ligament (ATFL)
— Most common ligament injured
* Posterior talofibular ligament (PTFL)
— Last to be injured
e Calcaneofibular ligament (CFL)
~ Second most common FIGURE 4-117. Lateral Ankle Sprain
= Function: Stabilize the ankle during inversion
e Mechanism of injury
- Inversion on a plantarflexed foot is the most vulnerable position
— History of “rolling over” the ankle
e Provocative Tests (Figure 4-118)
— Anterior draw
= Tests the integrity of the ATFL
— Talar tilt
= Tests the integrity of the CFL and ATFL

A B

FIGURE 4-118. Stress Tests for Ligament Stability. A. Anterior Draw Sign. B. Inversion Test (Talar Tilt)
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Clinical

Grade 1 (Mild)
— Partial tear of the ATFL
CFL and PTFL are intact
Mild swelling with point tenderness at the lateral aspect of the ankle
No instability
Stress tests
= Anterior draw: Negative
= Talar tilt: Negative
Grade 2 (Moderate)
Complete tear of the ATFL
Partial tear of the CFL
Diffuse swelling and ecchymosis
Stress test
= Anterior draw: Positive

+ Large anterior shift of the ankle or palpable clunk
= Talar tilt: Negative
Grade 3 (Severe)
— Complete tear of the ATFL and CFL
— Stress test

= Anterior draw: Positive

= Talar tilt: Positive

+ Inverting the talus on the tibia looking for a clinical asymmetry in comparison

Dislocation
— Complete tear of the ATFL, CFL, and PTFL

Imaging

X ray; A/P, lateral, oblique

Stress views: Anterior drawer and talar tilt

Anterior drawer may show a > 5 mm displacement

Talar tilt may show a 5-10° difference as compared to the contralateral extremity

Treatment

Grades 1 and 2
- Acute
= Rest, ice, compression, elevation (RICE), NSAIDs, analgesics, immobilization
= Early mobilization
— Conservative: Rehabilitation
= Range of motion, strengthening, proprioceptive exercises, taping, and bracing
= Modalities
+ Moist heat, warm whirlpool, contrast baths, ultrasound, short wave diathermy
Grade 3
— Controversial: Conservative vs. surgical
= Six month trial of rehabilitation and bracing
= Ligament repair, tenodesis of the peroneus brevis
= If patient is a high-performance athlete, and conservative Tx fails (i.e., patient has per-
sistent critical instability), then surgical reconstruction of torn ligaments may be con-
sidered as early as 3 months post injury
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PERONEAL TENDON INJURY

Peroneus

General Peroneus brevis
* Anatomy: Tendon insertion (Figure longus .
4-119) Peroneus tertius

Peroneus

— Peroneus longus inserts on the :
tertius

base of the first metatarsal
— Peroneus brevis inserts on the Lateral
base of the fifth metatarsal malleolus
¢ Function of the peroneus longus
— Plantar flexes the ankle and
everts the foot
e Mechanism Peroneus brevis
- Tenosynovitis or rupture
= Repetitive forceful eversion  FIGURE 4-119. Anatomy of Peroneus Longus,
causing  inflammation or Brevis, and Tertius.
degeneration of the tendon or
synovium along its course,
behind the lateral malleolus to its insertion point
— Subluxation or dislocation
= A sudden dorsiflexion of the ankle with the foot can cause a subluxation or disloca-
tion of the peroneal tendon. This insult is commonly a skiing injury

Peroneus longus

1st metatarsal

Calcaneus ) — -
. —
5th metatarsal

Clinical

Painful swelling in the retromalleolar area along the coarse of the peroneal tendons
Sudden weakness with the inability to actively evert the foot if a subluxation or disloca-
tion is suspected

A popping sensation in the lateral aspect of the ankle

Provocative test

— Pain with resisted dorsiflexion and eversion

Imaging
e None needed. MRI if indicated

Treatment

¢ Tenosynovitis: Same treatment as for a lateral ankle sprain
® Rupture/subluxation/dislocation: Orthopedic evaluation
— 4 to 6 weeks of immobilization in a plantarflexed position

MEDIAL ANKLE DISORDERS
MebiAL ANKLE SPRAIN: DELTOID LIGAMENT (FIGURE 4—120)
General

¢ Rare ankle injury associated with a 5% occurrence rate
o Medial collateral ligaments: Deltoid ligament is one ligament comprised of four
parts
= Anterior tibiotalar ligament
= Posterior tibiotalar ligament
= Tibionavicular ligament
= Tibiocalcaneal ligament
— Function is to stabilize the ankle during eversion
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e Mechanism of injury
— Pure eversion, which is rare
— Foot caught in a pronated, everted
position with internal rotation of
the upper body. An example is
when the foot strikes the ground
instead of the ball in soccer or an
extra-point in football.
- Grade:
= Grade 1: Stretch
= Grade 2: Stretch partial tear
= Grade 3: Full tear
e Complications
— Syndesmosis ankle injuries and
Maisonneuve fractures (see
Syndesmosis)

Clinical

e Medial foot swelling and ecchy-
mosis and pain on eversion
* Negative anterior drawer test

Imaging

e Xray; A/D, lateral, oblique

Posterior
tibiofibular

ligament
Anterior
Posterior tibiofibular
talofibular ligament
ligament
Calcaneo -

fibular Anterior

ligament talofibular
ligament
Lateral Interosseus
Talocalcaneal ligaments
FIGURE 4-120. The Deltoid Ligament

e MRI if indicated
Treatment

e Same as lateral ankle injuries

TiBIALIS POSTERIOR TENDON INJURY
General

* Anatomy—posterior tibialis

(Figure 4-121)

— Origin: Interosseus mem-
brane and the posterior
surface of the tibia and fibula

— Insertion: Tuberosity of the
navicular, cuboid, and base
of the second to fourth
metatarsals

e Function—Plantar flexes the
ankle and inverts the foot

— Maintains the medial longi-
tudinal arch

e Mechanism of injury
— Tenosynovitis or rupture

Tibia { ————Fibula

Tibialis posterior
muscle

Tibialis posterior
tendon

= Repetitive forceful inver-
sion causing inflamma-
tion or degeneration of
the tendon or synovium
along its course

FIGURE 4—121.
(posterior view).

Tibialis Posterior Muscle and Tendon
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= 5% to 10% associated with an accessory navic-
ular

Clinical

e Insidious onset of posteromedial ankle pain
increased by activity

Medial hindfoot swelling

Increase pain with push-off

Weakness with inversion and plantar flexion

The classic “too many toes” sign is seen with a tib-
ialis posterior tendon rupture (Figure 4-122)

FIGURE 4-122. A. Normal. B. Positive
“Too Many Toes” sign.

— When viewing the patients’ feet from behind, more toes are visible on affected side sec-

ondary to collapse of the medial longitudinal arch

Imaging

e None needed

Treatment

e Acute: Same as lateral ankle sprains
e Conservative: Rehabilitation, orthotics

e Surgical: Tendon transfer, excising the accessory navicular

POSTERIOR ANKLE DISORDERS
AcCHILLES TENDON DISORDERS

General

e Triceps surae function (Figure 4-123)
— Plantar flexes the ankle
— Supinate the foot
® Mechanism of injury
— Achilles tendonitis
= Repetitive  eccentric  overload
causing inflammation and micro-
tears of the tendon
— Achilles tendon rupture
= Inflammatory: Inflammation and
degeneration causing a series of
microruptures or breakdown in the
collagen fibers
= Poor nutrition: Inadequate vascu-
larization 2-6 cm proximal to the
insertion of the tendon
= Mechanical: Sudden push-off with
the foot in the extension position.
(landing from a jump)

e Risk factors to Achilles tendonitis

— Anatomic: Hyperpronation, tight FIGURE 4-123. Anatomy of the Gastrocnemius
hamstrings and heel cords, pes cavus  and Soleus Muscles.

and genu varum
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— Age: Leads to an inflexibility of the tendon and decreased tensile strength
— Training errors: Most common risk factor

= Increase in mileage or intensity

= Change in recent footwear

Clinical Presentation

¢ Tendonitis
— Posterior ankle pain, swelling
— Pain elicited on push-off
e Rupture
— Sudden audible snap with immediate swelling, ecchymosis and weakness in plantar
flexion
— Positive Thompson's test is indicative of a ruptured Achilles tendon (Figure 4-124)
= In an intact Achilles tendon squeez-
ing the calf should elicit plantar
flexion of the foot (i.e., negative
Thompson’s test)
= In a rupture of the Achilles, the foot is
unable to plantarflex secondary to the
tendon separation (i.e,. positive
Thompson’s test)

Imaging

e None needed. MRI is helpful if the diag-
nosis is in question

Treatment

o Achilles tendonitis
— Relative rest, ice, anti-inflammatory
medications
— Rehabilitation: Short-term immobiliza-
tion (splinting or bracing), stretching
and strengthening, heel lifts
— Corticosteroid injection. Do not inject
into the tendon. This may cause rupture.
. Complication of rupture. The area
of hypovascularity 2-5 cm proximal
to the tendon insertion is where most
ruptures occur. Corticosteroids
decrease the metabolic rate of the
chondrocytes and fibrocytes, weak-
ening the structural integrity of the  FIGURE 4-124. Thompson’s Test.
tendon and articular cartilage A. Negative. B. Positive
e Rupture: Surgical vs. conservative
— Conservative: Bracing in a plantar-flexed
position for a period of 8-12 weeks. The
dorsiflexion is increased gradually so
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that by the end of 12 weeks the patient is in a neutral position. Activity level is increased
gradually (heel lifts may be used)

— Surgical: Tendon repair intraoperatively—patient is placed in a cast for 2 weeks, patient
is then put in a plantar flexion dial lock brace for 4-6 weeks and slowly brought to
neutral. Activity level is increased gradually (heel lifts may be used). Surgical repair is
usually reserved for active individuals

FLExus HaLLucis LoNGuUS
INJURY

General

e Synonym: Dancer’s ten-
donitis
e Flexor hallucis longus
(Figure 4-125)
— Origin: Distal fibula and
interosseous membrane
— Insertion: Base of the
distal phalanx of the
great toe
¢ Function
— Flexes the great toe at
all the joints
— Plantar flexes the ankle
e Mechanism of injury
— Repetitive  push-off
maneuvers causing in-
flammation of the syn-
ovium or tendon as it
courses in the groove
of the sustentaculum
tali and behind the lat-
eral malleolus to its
insertion

Clinical

* Tenderness along the  EFGURE 4-125. Anatomy of Flexor Hallucis Longus. (Posterior
tendon at the posterome-  view—Plantar Flexed)

dial aspect of the great
toe
e Decreased ability to flex
the great toe
¢ Increased pain with active plantar flexion and passive dorsiflexion

Imaging
e None needed

Treatment

e Same as lateral ligament sprain
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BuRsITIS: RETROCALCANEAL, BONY ExosTOSIS, CALCANEAL APOPHYSIS

General

e Common cause of heel pain,
especially in women, secondary
to high heel shoes

® Retrocalcaneal bursitis (Figure
4-126)

— Inflammation of the bursae
between the posterior supe-
rior portion of the calcaneus =
and the distal Achilles tendon <& ~ o Al
or a bursa between the skin —
and the Achilles tendon
causing pain FIGURE 4-126. Retrocalcaneal Bursitis. Medial View.

® Mechanism of injury

— Repetitive  pressure and
shearing forces from an object
(i.e., shoes) causing thickening and inflammation of the bursae often resulting in a col-
lection of fluid

® Associations
- Haglund’s deformity: Enlargement of the posterosuperior tuberosity
— Sever’s disease: Apophysitis, an independent area of ossification separated from the

main bone at the cartilaginous plate. Occurring in the young population, especially
female gymnasts from the stresses of the gastrocnemius pull

retrocalcaneal
bursa #2

Clinical

Tenderness and swelling in the posterior aspect of the tendon distally

Small soft tissue swelling at the Achilles insertion can be palpated on exam, “pump bumps”
Above symptoms may be exacerbated with the presence of a Haglund’s deformity
Similar type of pain can result from insertional Achilles tendonitis

Imaging

e None needed

Treatment

* Change or alter footwear

e Surgical excision of the bursae if conservative measures fail
ANTERIOR ANKLE DISORDERS

SYNDESMOSIS

Syndesmosis is a fibrous joint of the tibia and fibula united by ligaments

General

¢ Often related to a high ankle sprain
¢ Function
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— Maintain the integrity of the ankle
mortise. Resist the forces that attempt to
separate the tibia and fibula

e Syndesmosis: Ligaments (Figure 4-127)

— Anterior tibiofibular ligament

— Posterior tibiofibular ligament

— Interosseous ligament

— Transverse tibiofibular ligament

e Mechanism of injury

— Hyperdorsiflexion and forceful eversion of
the ankle

— Direct blow to the foot with the ankle held
in external rotation

Clinical

e Chronic in nature; pain and swelling on the
anterior aspect just above the ankle
® Provocative tests
— Squeeze test
= Tenderness on compression of the distal
tibia and fibula proximal to the injury
— Stress test
= With the knee held at 90° and ankle
neutral, the patient experiences pain
when the examiner attempts forcefully
to externally rotate the foot

Imaging

e Plain films: A/P, lateral, oblique, mortise
views; MRI, CT

® Rule out widening between the distal tibia
and fibula

® Be sure to obtain plain films of the proximal
fibula to rule out the possibility of a Maison-
neuve fracture (Figure 4-128)
— Definition: Rupture of the anterior

tibiofibular ligament extending through

Anterior tibiofibular

ligament
Interosseus
ligament
) Transverse
Posterior o
L fibiofibular
tibiofibular )
: ligament
ligament

FIGURE 4-127. The Syndesmotic
Ligaments of the Ankle.

FIGURE 4-128. Maisonneuve Fracture.

the interosseus membrane which often results in a proximal fibula fracture

Treatment

e Conservative

e Surgical: Screw fixation to stabilize the ankle mortise

SiNus TARSI SYNDROME
General

e Talocalcaneal ligament sprain
® Mechanism of injury

— Excessive foot pronation causing adduction of the talus
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— History of arthritis: Rheumatoid, gout, |
and seronegative spondyloarthropathy Sinus

— History of prior ankle injury: Inversion tarsi
sprain or fracture of the tibia, calcaneal,

or talar
Clinical
e Pain on the anterolateral aspect of the foot .
and ankle in the area of the sinus tarsi .
(Figure 4-129) \\\c\;\lf\')

e Diagnosis: Resolution of symptoms with
injection of local anesthetic into the sinus
tarsi

FIGURE 4-129. Sinus Tarsi Area.

Imaging

e None needed

Treatment

e Conservative: Same as lateral ankle sprain
e Surgical: Decompression of the tunnel contents

TiBIALIS ANTERIOR TENDON INJURY
General

e Tibialis anterior function: Dorsiflex and inversion of the foot
e Mechanism of injury
— Tenosynovitis
= Inflammation of the tendon or synovium as it courses
under the superior retinaculum
— Rupture
= Degenerative process seen in the elderly ,
m Eccentric overload |

Clinical |

Tibialis

e Tibialis anterior can be palpated distally upon its insertion o
anterior

onto the medial aspect of the base of the first metatarsal
and the first cuneiform bones (Figure 4-130) and proxi-
mally along the tendon to the muscle belly on the lateral
side of the tibial shaft

e Patient with a history of chronic ankle pain

e Painless foot slap that has gradually increased over time

® Increased tenderness and weakness with active dorsi-
flexion and passive plantar flexion

e Palpable defect may be noted over the anterior aspect of the
ankle FIGURE 4-130. Palpation of

the Tibialis Anterior Tendon.

Imaging

e None needed
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Treatment

¢ Conservative vs. surgical, depending on the patient’s age and functional needs

TiBIALIS ANTERIOR HYPERACTIVITY
General

¢ Typically hyperactivity of the tibialis anterior (TA) contributes to an equinovarus deformity

Clinical

e Commonly seen in patients with cerebral palsy (CP), cerebral vascular accidents (CVA),
and traumatic brain injury (TBI). Any injury that may cause this hyperactivity/spasticity
of the TA tendon

* Equinovarus deformity is present in physical exam

e Achilles tendon is frequently shortened, causing a toe-pointing equinus posture

Imaging
e Plain films AP lateral

Treatment

o Split Anterior Tibial Tendon Transfer (SPLATT)

— Technique: Splitting the tibialis anterior tendon. Half is attached to its site of origin,
while the distal end of the lateral half of the tendon is tunneled into the third cuneiform
and cuboid bones. This provides an eversion force to counteract the dynamic varus
deformity to provide a flat base for which weightbearing can occur

— The SPLATT procedure is often done along with Achilles tendon lengthening to
decrease plantarflexion

OSTEOCHONDRAL FRACTURE OF THE TALAR DOME
General

e Etiology
— Shear force on the anterior lateral surface of the talus resulting in a shallow lesion
— Compressive force on the posterior medial surface of the talus resulting in a deep lesion
* Mechanism
— Eversion and dorsiflexion
— Inversion and plantar flexion
¢ (Classification: (Hawkins)
— Type 1: Nondisplaced vertical fracture of the talar neck
— Type 2: Displaced fracture of the talar neck of the subtalar joint with the ankle joint
remaining intact
— Type 3: Displaced fracture of the talar neck with dislocation of the body of the talus from
the subtalar and ankle joints
o Complication
— Avascular necrosis, which most commonly occurs at the talar body. (The risk of AVN
increases as the amount of displacement increases.)
— Fracture of the talar dome may form a subchondral fragment that can detach and
become displaced in the joint space
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Clinical

e Chronic ankle injury
e Small effusion that may be painful
* Decreased range of motion

Imaging

e Plain films: Mortise view of the ankle; MRI

Treatment

¢ Conservative: Non-weight bearing
* Surgical: ORIF if indicated

|
FOOT DISORDERS

PLANTAR FASCITIS (FIGURE 4-131)

General

* Medial plantar heel pain, which may evolve from the
bone (heel spur) or plantar fascia
* Females > males
* Mechanism
— Tension on the plantar fascia leading to chronic
inflammation most commonly at its origin
— Disorders causing tension include: pes cavus (high
arch), pes planus (flat foot), obesity, tight Achilles tendon
e Other associations: HLA-B27; seronegative spondy-
loarthropathy. Heel spurs may contribute to the etiology:
50% to 75% with heel spurs have plantar fascitis

Plantar
aponeurosis

Calcaneus
Clinical

e Tenderness over the medial aspect of the heel and the
entire plantar fascia

¢ Increased on awakening and decreases with activity

e Tight Achilles tendon frequently associated with plantar
fascitis

FIGURE 4-131. Plantar
Aponeurosis.

Imaging

¢ Plain films to assess bony spur

Treatment

¢ Conservative: 90% to 95% effective and should be done for at least six months prior to con-
sidering surgery
— Heel pads, cushion and lift
— Achilles and plantar fascia stretching
— Modalities, NSAIDs, night splints holding the foot in slight dorsiflexion
— Injection: Do not inject anesthetic/corticosteroid into the subcutaneous tissue or fascial
layer. Stay out of the superficial fat pad to avoid fat necrosis
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e Surgical: Plantar fascia release, rarely indicated

MORTON’S NEUROMA (Figure 4-132)
General

e Definition: Irritation and degeneration of the digital
nerves in the toes producing a painful mass near the
area of the metatarsal heads. The mass is secondary
to the nerve fibrosing.

® More commonly between the second and third, and
third and fourth digits

¢ Females > males

Clinical

e Sharp shooting forefoot pain radiating to the affected
digits. Dysesthesias and numbness is common

e (O The exam is performed by applying direct pres- ~ FIGURE 4-132. Morton's Neuroma,
sure in the interdigit web space with one hand and @ Perineural fibrosis of the interdigital
then applying lateral and medial foot compression ~ "¢"VeS:
to squeeze the metatarsal heads together. Isolated
pain on the plantar aspect of the web space is consistent with Morton’s neuroma

Imaging
e None needed
Treatment

¢ Conservative

— Shoes with a soft sole and wide toe box

— Accommodative padding: Metatarsal pad

— Injection: Corticosteroid and lidocaine may be diagnostic and therapeutic
¢ Surgical: Excision if indicated

HALLUX DISORDERS: VALGUS, RIGIDUS, AND SPRAINS
General

® Definitions
— Metatarsal phalangeal (MTP) sprain
= Acute injury to the ligaments and capsule of the MTP joint. “Turf toe” is commonly
seen in athletes. Chronic sprains may lead to hallux rigidus
— Hallux valgus
= Lateral deviation of the first toe greater than the normal angle of 15 degrees between
the tarsus and metatarsus. This may lead to a painful prominence of the medial aspect
of the MTP joint (bunion)
— Hallux rigidus
= Degenerative condition of the first MTP joint leading to pain and stiffness (great toe
arthritis of MTP joint)
¢ Female >> males

Clinical

e Valgus: Lateral deviation of the first toe with a large medial eminence of the MTP joint
e MTP sprain: Acute onset of pain, tenderness, and swelling of the MTP joint, particularly
over the plantar aspect. Pain on passive dorsiflexion
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e Rigidus: Pain and swelling with decreased range of motion of the MTP joint. Antalgic

gait pattern

e Lesser toe deformities: The second toe usually will result in an overriding position

Imaging

e Plain films

Treatment

e Conservative: Rest, Ice, Compression, Elevation (RICE), taping, proper footwear (i.e., high

toe box)
e Surgical debridement (rigidus)

TOE DISORDERS: HAMMER, CLAW, AND MALLET

HAMMER TOE (Figure 4-133)
General

¢ Deformity of the lesser toes in which there is
flexion of the proximal interphalangeal (PIP) joint

¢ A passive extension of MTP joint occurs when the toe
is flat on the ground. The DIP joint is usually not
affected

® Caused by chronic tight shoe wear that crowds the
toes, but may be seen after trauma

Clinical

¢ Obvious deformity as described previously

FIGURE 4-133. Hammer Toe.
Reprinted with permission from
Snider RK. Essentials of
Musculoskeletal Medicine. Rosemont
IL, American Academy of
Orthopaedic Surgeons, 1997.

¢ Pain is present in the toe and patient has difficulty with footwear

Imaging

¢ Standing AP and lateral help exclude other diagnosis

Treatment

e Shoes with roomy toe boxes. Shoes should be 1/2 inch longer than the longest toe
¢ Home exercise program of passive manual strengthening

CLAW TOE (Figure 4-134)
General

¢ Characterized by extension of MTP and flexion of the
PIP and flexion of the DIP

¢ Deformity is usually the result of the incompetence of
the foot intrinsic muscles, secondary to the neuro-
logic disorders affecting the strength of these muscles
(i.e., diabetes, alcoholism, peripheral neuropathies,
Charcot-Marie-Tooth disease and spinal cord tumors)

Callus

"“\formation

Callus
formation

FIGURE 4-134. Claw Toe



254 m MUSCULOSKELETAL MEDICINE

Clinical Symptoms

¢ Pain is the principle symptom

¢ If progression is rapid, this suggests a related neurologic condition
Imaging

¢ Radiographs of foot confirm the diagnosis

Treatment

¢ Shoes with soft, roomy, high toe boxes
¢ Splints available
e Surgical correction may be necessary if conservative treatment fails

MALLET TOE (Figure 4-135)

General

¢ Flexion deformity at the DIP joint with
normal alignment at the proximal inter-
phalangeal (PIP) and MTP joint

¢ Usually the result of jamming type
injury—or wearing tight shoes

Clinical Symptoms

¢ Obvious deformity, pain, callus at tip of

toe FIGURE 4-135. Mallet Toe. Reprinted with per-

mission Snider RK. Essentials of Musculo-
. skeletal Medicine. Rosemont IL, American
Imaging Academy of Orthopaedic Surgeons, 1997.
¢ AP and lateral radiographs may be indi-

cated to rule out fracture

Treatment

e The callus should be trimmed

e Shoes with high toe boxes Metatarsals

LISFRANC JOINT INJURY

General

¢ Traumatic disruption of the tarsometatarsal
joints involving fracture, dislocation, or
both (Figure 4-136) Navicular
® Mechanism of injury
— Direct: Less common; trauma—direct
impact
— Indirect: Positional, commonly seen in
athletes

Cuneiforms

Cuboid
Talus
Calcaneus

= Force applied to the heel in line with
the axis of the foot and toesin a flexed  FIGURE 4-136. Isolated Lisfranc Dislocation.
position
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Clinical

* Vague ankle pain. Pain and swelling localized to the dorsum of the foot
e This injury is easily missed and often misdiagnosed as a lateral ankle sprain
¢ Pain may be exacerbated by stabilizing the hind foot and rotating the forefoot

Imaging

* X rays: A/D, lateral, oblique of the ankle and the entire foot. Look for a shift commonly
between the first and seconds metatarsals
e MRI, CT if needed

Treatment

¢ Conservative
— Nondisplaced joint: Non-weight-bearing, immobilization for 6-8 weeks with continued
support thereafter
® Surgical
— Stabilization is integral to maintaining the bony architecture of the entire foot

FOOT FRACTURES

General

¢ Definitions
— Jones fracture: Transverse fracture through the base of the fifth metatarsal
— Nutcracker fracture: Cuboid fracture
— March fracture: A fatigue fracture of one of the metatarsals

Clinical

¢ Pain to palpation, swelling and ecchymosis over the involved area

e Usually a result of trauma

Diagnosis

e Plain films of foot and ankle, MRI or CT

Treatment

* Jones: Non-weight-bearing cast for six weeks. ORIF if nonunion occurs
¢ Nutcracker: ORIF
* March: Cast if needed
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]
SPINE REHABILITATION

INTRODUCTION

Neck and back pain are leading musculoskeletal complaints that contribute to impairment
and disability. Injury to the lumbar region in particular has a 5% to 10% annual incidence and
60% to 90% lifetime prevalence, reaching more than 100 million people in the United States
alone. Fortunately, the natural course is favorable, as symptoms are usually self-limited.
Though resolution remains likely, recurrence of symptoms is possible because of structural
and functional pathological adaptations. These can be addressed and limited with adequate
comprehensive treatment programs.

Clinical Course

Outcome Time
~ 50 % resolve ~ 1-2 weeks
~90 % resolve ~ 6-12 weeks
~ 85 % recur ~1-2 years

Approximately 10% of patients with low back pain continue with residual complaints. Due
to its morbidity, this subgroup constitutes the second most common reason for primary care
physician office visits. Proper treatment of these patients depends on an accurate diagnosis,
which may be elusive due to the complexity of the structures involved. Diagnostic testing
may be indicated to further define pathology and focus care. Regardless, proper screening
begins with a complete history and physical examination. Assessment for the presence of red
flags, representing conditions requiring more immediate attention, is imperative.

Red Flags

Clinical Presentation Condition

Gait ataxia/Upper motor neuron changes | Myelopathy

Bowel/Bladder/Sexual dysfunction Cauda equina syndrome
Night pain/Weight loss Tumor
Fevers/Chills Infection

In the work force, low back pain is second to upper respiratory infections as the most frequent
cause of absenteeism. Due to the cost of medical care, time lost from work, disability payments,
production loss, staff retraining, and litigation expenses, its economic impact reaches into the bil-
lions annually. It will cause approximately 25 million Americans to lose one or more days from
work a year. Over five million people are disabled from low back pain and the yearly prevalence
continues to grow at a rate greater than that of the size of the general U.S. population.

Absenteeism

Time Missed from Work Return to Work Expectations (%)
~ 6 months 50
~ 1 year 25

~ 2 year 0
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This section focuses on board-related topics with regard to musculoskeletal spinal disorders
and is to be used as a study guide. It is not intended to be an all-inclusive composite.
However, for more elaborate coverage of the subject matter, the reader is directed to the sug-
gested references at the end of this chapter.

FUNCTIONAL ANATOMY
CERVICAL VERTEBRAE
Typical: C3 to C7 (Figure 4-137)

Unique Characteristics
* Anterior region
— Vertebral body
= Uncinate processes: The lateral aspect of the vertebral body has a superior projection

(the uncinate process). As the disks become degenerative these projections approxi-
mate with the body of the next higher vertebrae. The end result is the degenerative
joint change called the Joint of Luschka (uncovertebral joint).Ld The Joints of Luschka
function to limit lateral translation (Figure 4-138).

C1-Atlas
Posterior tubercle

Superior articular e
rocess )
P Posterior
] Grove for

Transverse foramen vertebral areh
Transverse process —k\—. [ ﬂ Q ) artery
— Facet for dens Anterior

Tubercle for ‘_75—-______ .
tranverse ligament - Anterior tubercle arch

C2-Axis
Spinous
pE)cess cs v
' e Inferior
Inferior Transverse process
articular ,l lk process
rocess —. Posterior '
P N\ Articular
Transverse « }/‘”bm‘e process
process b}
) Q"r<--Cc:stc:-
A Su_perlor transverse Superior
articular Transverse Anterior  par process
facet foramen tubercle

cé

)
¢

- c)‘&:}
CO-E oo

tubercle

FIGURE 4-137. The Typical Cervical Vertebrae —(Superior View)
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e Posterior region
— Pedicles, superior and inferior articular pro-
cesses, laminae, transverse processes,
foramen transversarium and spinous process
= (C3, C4, C5, Cé6: Bifid spinous process
= C7: Nonbifid spinous process

Uncovertebral joint
"Joint of Luschka”

-

Uncinate (/
Atypical: C1 and C2 process J’\

Unique Characteristics
e (1 (atlas) (Figure 4-139) FIGURE 4-138. Joints of Luschka.
- Ring shaped bone containing two lateral
masses
— No vertebral body or spinous process

Anterior tubercle

Anterior arch
Dens facet

Dens foramen . )
Superior articular facet

Lateral mass Transverse ligament

Transverse process
Vertebral foramen

Foramen transversarium

Posterior arch Vertebral artery groove

“\——— Posterior tubercle

FIGURE 4-139. The Atlas—Superior View.

* C2 (axis) (Figure 4-140)
— Its vertebral body has
an odontoid process Dens (axis}
— Bifid spinous process

Atlas facet

Superior aricular facet

Vetebral foramen Foramen ransversarium

THORACIC VERTEBRAE

Typical: T1 to T12 (Figure
4-141)

Infaricr articular process

Lamina

: \—-— Spinous process

Unique Characteristics

e Anterior region
— Vertebral body with  FIGURE 4-140. The Axis—Superior View.
articulations for the rib

heads
e Posterior region
— Pedicles, superior and
inferior articular pro-
cesses, laminae, trans-
verse processes with
articulations for rib
tubercles and spinous Long spinous
process
process

EWN
'1- Facet for

head of rib

FIGURE 4-141. The Thoracic Vertebrae—Lateral View.
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LumBAR VERTEBRAE
Typical: L1 to L5 (Figure 4-142)

Unique Characteristics
® Anterior region
— Vertebral body
® Posterior region
— Pedicles, superior and inferior articular processes, transverse processes, mamillary
process, laminae and spinous process

Transverse
process

Transverse
process

Pedicle
Transverse
process
Spinous
process

‘ \‘ I, Vertebral
} | body
g 0 POt

Inferior z NS

Inferior articular facet

articular ‘1 BN T process
process ~ \&g
A. Left lateral view B. Anterior view
Spinous process
. ) Lamina Lamina .
Superior Superior Superior Superior Superior
p facet /p _ process process
Mamillary Mamillary
process process

Vertebral i
foramen

Trsrr:)sc\;esrsse Transverse
) process
Accessory Pedicle Pedicle
Accessory process
process P -
\i\Splnous process Ri
3 ) . . Ing i
Inferior Inferior articular aoophysis . Ring
articular facet o, pophy: apophysis
C. Posterior view Process D. Top view
Superior Spinous Superior
articular process articular

process process

Inferior articular process . .
Inferior articular process

Accessory process Accessory process
)

Vertebral
foramen

Transverse ~ St Transverse
process

Ring apophysis Ring apophysis

E. Bottom view

FIGURE 4-142. The Lumbar Vertebrae—5 Views. A. Left Lateral View. B. Anterior View.
C. Posterior View. D. Top View. E. Bottom View
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Atypical: Sacralization

e An anomalous fusion of the fifth lumbar vertebrae with the sacrum. Incidence: 1% com-

plete, 6% incomplete

The Motion Segment Figure (Figure 4-143)

¢ A three-joint complex is formed between two lumbar vertebrae

Joint 1 Disc between two vertebral bodies
Joint 2 Zygapophyseal joint (facet joint)
Joint 3 Zygapophyseal joint (facet joint)

SACRAL VERTEBRAE
Typical (Figure 4—-144)

Unique Characteristics

¢ Atriangular-shaped bone consisting of five
fused vertebrae.

¢ Four pairs of foramina (anterior and poste-
rior), sacral promontory, ala, hiatus,
cornua, medial, intermediate, and lateral
crests which are analogous to the spinous
process

Atypical: Lumbarization

e An anomalous partial or complete
nonunion of the first and second segment
of the sacrum. This forms an additional
lumbar segment (L6), and leaves four
remaining fused sacral segments.
Incidence ~ 4%

Ligaments (Figure 4-145)

CoccYGEAL VERTEBRAE
Typical

Unique Characteristics
e Three to four fused segments, with trans-
verse processes, hiatus and cornua

ZYGAPOPHYSEAL JOINT (Z-JOINT/FACET JOINT)
Characteristics (Figure 4—-146)

¢ Superior articular process (SAP)
¢ Inferior articular process (IAP)
e Joint capsule (C)

¢ Articular Carticular (AC)

* Meniscus (M)

Joint between
articular processes,
(facet joint)

Joint between
vertebral bodies

A. Lateral view

Joint between
articular processes
(facet joint)

Joint betwesn
articular processes
(facet joint)

B. Posterior view

FIGURE 4-143. The Three—Joint Complex.
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A Sacral canal
Sup. articular facet "Sup. sacral notch”
Auricular surface
(Spinous tubercles)
Median crest
(Articular tubercles; Sacral tuberosity
Intermedliate crest
SACRUM
(Transverse tubercles)
Lateral crest Dorsal sacral foramina
Sacral hiatus
Infero-lateral angle.
Cornua of sacrum and coceyx
Transverse process of coccyx
COCCYX
Tip or apex of coccyx
B Sacral canal
Sup. ariculal process
Fromontory Ant, border of ala
SACRUM
{Antariory
Pelvic sacral foramina
Pars lateralis
(Lateral mass)
Inferio-lateral angle
Apex of sacrum
Transverse process of cocoyx
Base of coaoyx
COCCYX
Apex or tip of cocoyx

FIGURE 4-144. The Sacrum and Coccyx. A. Dorsal Surface. B. Pelvic Surface.
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Superior iliolumbar ligament

Anterior iliolumbar ligament

lliolumbar ligament

Inferior iliolumbar =
ligamentsy

/i &= Inferior iliolumbar
'( \ - ligament
Posterior
sacroiliac Sacrospinous
Iigament Ligament

\_}___ llium

Y Anterior
sacroiliac
ligament

(o

FIGURE 4-145. The Sacral Ligaments. A. Anterior View. B. Posterior View. C. Axial View.

" _Superior articular
process

Articular
cartilage

Inferior articular
process

FIGURE 4-146. The L3-L4 Zygapophyseal Joint —Posterior View. The posterior capsule has been
resected to reveal the joint cavity.
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Orientation

¢ Cervical: AA and OA have no true Z-joints due to their atypical anatomy. C3 to C7 are posi-
tioned in the frontal (coronal) plane

e Thoracic: Positioned in the frontal plane.

o Lumbar: Begins in the sagittal plane and progresses to the frontal plane at L5 to S1

Function

¢ Direct vertebral motion
¢ Resist shearing and rotational forces
¢ Weight bearing: Increased with extension (o

\ Vertebral I
INTERVERTEBRAL DISC i body [

Vertebral

Characteristics (Figure 4—147)

Annulus ( ‘]‘,‘ endplates
¢ Nucleus pulposus fibrosus \ ._”:5-’”"
A viscous muco-protein gel mixture of Ring II | | "
water and proteoglycans in a network of apophysis | L
type II collagen that braces the annulus to /' /,_,___..\__/II
prevent buckling -

¢ Annulus fibrosus
Type 1 Couagen fibers arranged in FIGURE 4-147. The Intervertebral Disc.
obliquely running lamellae that encase
the nucleus pulposus and are attached to the vertebral endplate plates. This orientation
withstands distraction and bending but is relatively weaker for torsional stresses

e Vertebral endplate
Cartilaginous covering of the vertebral body apophysis, forming the top and bottom of the disc

Vascular Supply
¢ Essentially avascular by adulthood

Function

¢ Allows for vertebral body motion
¢ Weight bearing (Figure 4-148)

Ef’ 275 11@'7

220 J = 210
ﬂf ﬁ 185 f 180 M
1 150 Q
50 140 140 |73
100 100
75
25 35
Various positions Positions and exercises

FIGURE 4-148. Disc Pressure Changes. Relative change in pressure (or load) in the 3rd lumbar
disc in various positions in living subjects. Note: Neutral erect posture is considered 100% in the
figures; other postures and activities are calculated in relationship to this. From Nachemson AL. The
lumbar spine: an orthopaedic challenge. Spine 1976; 1:59.
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Aging Effects

Decreases Increases
* Nuclear water content e Fibrous tissue
* Ratio of chondroitin-keratin e Cartilage cells
* Proteoglycan molecular weight e Amorphous tissue

INNERVATIONS (FIGURE 4-149)

Nerve Contributions
Ventral Primary Rami Trunk musculature, plexus contributions
Dorsal Primary Rami Lateral: Iliocostalis, skin

Intermediate: Longissimus
Medial: Multifidus, rotators, interspinalis, intertransversei, posterior
spinal ligaments, zygapophyseal joints

Sinuvertebral Nerve Posterior longitudinal ligament, posterior disc, anterior dura
vertebral body and anterior-lateral disc (with the grey rami
communicantes)

pltif

FIGURE 4-149. The Lumbar Spine Innervations. Cross-sectional view, which incorporates the level
of the vertebral body (VB), and the periosteum (P) on the right and the intervertebral disc (IVD) on
the left. The following abbreviations are used in the above diagram:

(PM) psoas muscle, (QL) quadratus lumborum, (IL) iliocostal lumborum, (LT) longissimus thoracic,
(M) multifidus, (altlf) anterior layer of thoracolumbar fascia, (pltlf) posterior layer of thoracolumbar
fascia, (esa) erector spinal aponeurosis, (ds) dural sac, (zj) zygapophyseal joint, (pll) posterior longitu-
dinal ligament, (all) anterior longitudinal ligaments, (vr) ventral ramus, (dr) dorsal ramus, (m) medial
branch, (i) intermediate branch, (1) lateral branch, (svn) sinuvertebral nerve, (grc) grey ramus commu-
nicans, (st) sympathetic trunk.
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LicamenTs (Figure 4-150)

Anterior longitudinal ligament

(ALL)

— Course: Runs the entire length
of the spine, covering the ante-
rior aspect of each vertebral
body and disc

— Function: Limits hyperextension
and forward movement

Posterior longitudinal ligament

(PLL)

— Course: Attaches to the poste-
rior rim of the vertebral bodies
and disc from C2 to sacrum. It
continues superiorly with the
tectorial membrane to the
occiput

— Function: Prevents hyperflexion
of the vertebral column

Ligamentum nuchae (LN)

— Course: Continuation of the
supraspinous ligament extending
from the occipital protuberance
to C7

— Function: Boundary of the deep
muscle in the cervical region

Ligamentum flavum (LF)

Interspinous
ligament

Ligamentum
flavum

Supraspinous
Posterior ligament
longitudinal

ligament

Anterior
longitudinal
ligament

FIGURE 4-150. The Lumbar Spine Ligaments.
A median sagittal section of the lumbar spine.

— Course: Connects adjacent vertebral arches longitudinally, attaching laminae to laminae
— Function: Maintains constant disc tension and assists in straightening the column after

flexion

Interspinous ligament and supraspinous ligament (ISL, SSL)
- Course: Runs from spinous process to spinous process
— Function: Weakly resists both spinal separation and flexion. The supraspinous ligament

runs from C7 to L3
Intertransverse ligament (IL)

— Course: Connects transverse process to transverse process
— Function: Resists lateral bending of the trunk

LANDMARKS

Cervical Region

Anterior

— C2: Transverse process palpated at the angle of the mandible

C3: Hyoid bone
C4, C5: Thyroid cartilage

— Cé: First cricoid ring, carotid tubercle

Posterior

— C2 First palpable midline spinous process, two finger breadths below the occiput
— C7: Vertebral prominens (largest spinous process, nonbifid)
— Articular pillars: lateral off the spinous process bilaterally
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Thoracic Region

¢ T3: Spine of the scapula

¢ T8: Inferior angle of the scapula
® T12: Lowest rib

Back MuscuLATuRE (Figure 4-151)
Extrinsic Back Muscles

¢ Superficial layer
- Trapezius
— Latissimus dorsi
¢ Intermediate layer
— Serratus posterior: Superior, inferior

Intrinsic Back Muscles

¢ Superficial layer
— Splenius: Capitis, cervices
¢ Intermediate layer
— Erector spinae
m [liocostalis: Lumborum, thoracis, cervices
» Longissimus: Thoracis, cervicis, capitis
= Spinalis: Thoracis, cervicis, capitis
® Deep layer
— Transversospinal muscles
= Semispinalis: Thoracis, cervicis, capitis
= Multifidus
= Rotators
— Interspinalis, intertransversarii

PERTINENT BIOMECHANICS

Lumbar Region
e [ 4: Iliac crests
e 52: Posterior superior iliac spine (PSIS)

Vertebral body

Transversospinalis Rotators

Multifidis

Semispinalis
Erector spinae
Spinalis

Longissimus
lliocostalis

process
Serratus .
posterior Latissimus Trapezius

dorsi

FIGURE 4-151. The Back Muscles:
transverse section, thoracic region.

Spine Flexion

Erect posture

Mild activity in the erector spinae muscles

Initial flexion phase

Increased activity in the erector spinae muscles

Mid flexion phase

Increased activity in the gluteus maximus

Late flexion phase

Increased activity in the hamstrings

Terminal flexion phase

Electrical silence

Cervical Joint Range of Motion

Occipitoatlantal joint

50% of flexion and extension of the entire cervical spine

Atlantoaxial joint

50% rotation of the entire cervical spine

C3-C7 joints

The remaining motion is distributed over the typical cervical segments
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PATHOPHYSIOLOGY
THE DEGENERATIVE CASCADE (FIGURE 4-152)
General

¢ Kirkaldy-Willis presented a functional degenerative classification of the three-joint complex.
It is initiated by a rotational strain or compressive force to the spine during lumbar flexion.
This cascade consists of three phases: 1) dysfunction, 2) instability, and 3) stabilization, but
initial symptoms may present at any phase. Pathology of one component (disc or Z-joint)
influences deterioration of the other components (Z-joint or disc) and adjacent vertebral
body. This overall degeneration of the spine may be referred to as Spondylosis.

Phase

Dysfunction This initial stage is a typically a result of repetitive trauma. However, the patho-
logic changes that occur can be reversible. The Z-joints undergo minor capsular
tears, cartilage degeneration and synovitis, causing abnormal motion. The disc may
have annular tears and/or endplate separation. The segmental spinal muscles
become hypertonic, splinting the spine, resulting in hypomobility.

Instability Due to scar formation, each successive injury causes incomplete healing of the Z-
joint capsules and annular fibers. With increased dysfunction, the joints have
further degeneration of cartilage, attenuation, stretching, and laxity of the capsule.
The disc has a coalescence of its tears, loss of nuclear substance, and bulging of the
annulus. Overall, this results in hypermobility of the segments.

Stabilization | Progression leads to Z-joint articular cartilage destruction, internal fibrosis,
hypertrophy, erosion, locking, and periarticular fibrosis. The disc has further loss of
nuclear material, vertebral body approximation, endplate destruction, fibrosis, and
osteophyte formation. Ankylosis can occur at the motion segment as well
entrapping spinal nerves. The patient may have an overall feeling of spinal stiffness.

FIGURE 4-152. The Degenerative Cascade.
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]
DISC DISORDERS

HERNIATED NUCLEUS PULPOSUS (HNP)

General

e A disc injury in which the nuclear pulposus migrates through the annular fibers. It may
also initiate the release of enzyme phospholipase A2, which activates inflammatory medi-
ators, such as leukotrienes, prostaglandins, platelet activating factors, bradykinins, and
cytokines. B0 This most commonly happens at 30 to 40 years of age. A higher prevalence
occurs for the lumbar region at the L4-L5 or L5-S1 followed by the C5-Cé6 disc.
Fortunately, approximately three-fourths of these injuries will resolve with conservative

care in six months to one year.

Classification (Figure 4-153)

A. Bulging disc No annulus defect. Disc convexity is beyond vertebral margins
B. Prolapsed disc Nuclear material protrudes into an annulus defect

C. Extruded disc Nuclear material extends to the posterior longitudinal ligament
D. Sequestered disc Nuclear fragment free in the canal

Bulging disc

Prolapsed disc

Extruded disc

Sequestered disk

FIGURE 4-153. Disc Classifications. A. Bulging Disc. B. Prolapsed Disc. C. Extruded Disc.

D.

Sequestered disc.
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Location (Figure 4-154)

Central May or may not have radicular symptoms. Possible multiroot involvement
if affecting the cauda equina, or myelopathy if involving the spinal cord.

Posterolateral More common in the lumbar spine due to tapering presentation of the poste-
rior longitudinal ligament, e.g., the L4, L5 HNP injures the L5 nerve root.

Far-lateral/foraminal May or may not have low back pain. Possibly affects the exiting root of
that level, e.g., an L4, L5 HNP injures the L4 nerve root.

I

| _-Facet (cut)

FIGURE 4-154. Herniation Location. A. Central. B. Posterolateral. C. Far Lateral.

Etiology

® Spontaneous

e Lifting activities

* Coughing/sneezing

¢ Bending/twisting activities

Clinical Presentation

¢ Acute neck or back discomfort radiating down the upper or lower limbs

* Weakness, numbness, paresthesias or pain secondary to chemical or mechanical stimuli to
the disc or nerve root. A lateral lumbar list or shift may be noted

* Exacerbation occurs with lumbar motion (forward flexion: central and posterior-lateral
HNP; extension: lateral HNP), sitting, sneezing, coughing, or Valsalva maneuvers, as well
as neural tension tests

* Symptoms are dependent on herniation location
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Distribution (Figure 4-155)

Root Muscle Weakness Reflex Abnormalities Sensory Deficits
C5 Biceps brachii Biceps brachii Lateral arm
Cé6 Extensor carpi radialis Brachioradialis Lateral forearm
C7 Triceps brachii Triceps brachii Middle finger
C8 Flexor digitorum profundus None Medial forearm
T1 Interossei None Medial arm
Root Muscle Weakness Reflex Abnormalities Sensory Deficits
T2, T4 | None None ¢ Bandlike presentation based
on segmental innervation
* Abdominal or chest pain.
T5-T10 Upper rectus T2—apex of axilla
abdominus T4—nipple line
T6—xiphisternum
T10-L1 | Lower rectus T10—umbilicus
abdominus T12—inguinal ligament
Root Muscle Weakness Reflex Abnormalities Sensory Deficits
L2 Iliopsoas Cremaster Anterior thigh
L3 Quadriceps Patellar Anterior and lateral thigh
L4 Tibialis anterior Patellar Medjial malleolus
L5 Extensor hallucis longus ? Medial hamstring Dorsum of the foot
S1 Gastrocnemius-soleus Achillis Lateral foot and little toe

e
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FIGURE 4-155. Dermatome and Peripheral Nerve Distribution. Reprinted with permission from
Gilroy J, Holliday PT. Basic Neurology. New York: Macmillan, 1982.
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Provocative tests

CERIVICAL SPINE

Spurling’s Test (Figure 4-156) Compression test (Figure 4-157)
Reproduction of radicular symptoms with | Reproduction of radicular symptoms with a
cervical spine extension, rotation, and | downward compression on top of the head
lateral flexion of the seated patient
= —
7 4 —\|
[ |
| N
\ L3
FIGURE 4-156. \ / j
Spurling’s Test. Ry T
LT
Photo courtesy of / [ﬂ/ 0] [
JFK Johnson | I ‘\ﬁ \
A LY
Rehabilitation [ \
Institute. George
Higgins, 2000.
FIGURE 4-157. Cervical Compression Test.

LUMBAR SPINE

Straight Leg Raising Test, Lasegue’s | Bowstring Test (Figure 4-159)

Test (Figure 4-158) After a positive SLR is elicited, decrease the
Reproduction of radicular symptoms with | angle of hip elevation to decrease the radic-
passive hip flexion of the supine patient, | ular pain. Then add pressure to the
which creates sciatic nerve tension at 30-60° | popliteal fossa over the nerve to reproduce
(A). This may be increased with dorsi- [ symptoms.

flexion of the ankle, Lasegue’s Sign (B). (A
crossed Straight Leg Raise Test reproduces
pain on the involved side with flexion of
the opposite hip.)

FIGURE 4-158.
Straight Leg
Raising Test.

A. Sciatic Nerve
Tension at 30-60°
of Hip Flexion.

B. Dorsiflexion of
Ankle May Produce
Lasegue’s Sign.

FIGURE 4-159. Bowstring Test.
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LUMBAR SPINE (continued)

Femoral Stretch Test/Reverse SLR Test | Sitting Root Test (Figure 4-161)

(Figure 4-160) Reproduction of radicular symptoms with
Reproduction of anterior thigh pain in the | a seated patient in a slumped posture, with
prone patient with knee flexion and hip | cervical spine flexion and knee extension.
extension. This will stretch the femoral
nerve and L2-L4 roots.

FIGURE 4-160. Femoral Stretch Test. FIGURE 4-161. Slump Test.
lllustration by Heather Platt, 2000.

Diagnostic Studies

e Imaging: X rays, CT/myelogram, MRI
e Decreased disc height, vertebral osteophytosis, and sclerosis are seen on radiographs
e Disc desiccations, annular tears, and HNPs are best demonstrated on MRI

Treatment

¢ Conservative care
— Relative rest
= Strict bed rest is not recommended.
— Medications
= NSAIDs, analgesics, oral steroids, adjuvants (tricyclic antidepressants, serotonin
reuptake inhibitors), muscle relaxants, etc.
— Rehabilitation program
Patient education
= Stretching program with a focus on hamstring flexibility
= Strengthening program with a focus on abdominal exercises
= Spinal stabilization
+ Mackenzie program to centralize extremity pain. Extension-biased programs may
be used for posterior-lateral HNP. Neutral or flexion-biased program may be used
for far lateral HNP.
Modalities
+ Thermal therapies (heat, cold), electric stimulation, etc.
+ Traction
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A Vertebral distraction may relieve nerve compression
» L Cervical region: 20-30° of flexion with 25 pounds of resistance. Less
flexion is required for treatment of muscle spasm
» LI Lumbar region: May require increased force or a split table to overcome
friction
A Indications
» Radicular pain (most widely accepted)
» Paraspinal muscle spasm
A Contraindications
» Ligamentous instability
» Radiculopathy of uncertain etiology
» Acute injury
» Rheumatoid arthritis
» Vertebrobasilar arteriosclerotic disease
» Spinal infections (Pott’s disease)
— Bracing
= Lumbar corsets. (Note: Address abdominal/trunk musculature weakness from disuse
atrophy.)
— Home exercise program
— Other
= Epidural steroid injections. Recommendation: Fluoroscopically guided, contrast-
enhanced procedures
+ Mechanism: To decrease inflammation causing nerve-root irritation
+ Complications/side effects: Needle placement—Dbleeding, infection, tissue
damage. Anesthetic—confusion, anaphylaxis, convulsions, seizures, or death
with intravascular placement. Corticosteroid—immunosuppression, fluid and
electrolyte imbalance, adrenal suppression, symptom flare. Exacerbation of
underlying medical conditions: Diabetes, congestive heart failure or hyperten-
sion
. Chymopapain injections
+ Mechanism: Dissolve subligamentous herniations contained by the posterior lon-
gitudinal ligament
+ Complication/side effects: Anaphylactic reaction, chronic pain, poor efficacy
= Psychologic interventions, muscle relaxation techniques, acupuncture
e Surgical care
— May demonstrate quicker initial resolution of radicular pain but has not been shown to
have any greater statistical advantage over conservative measures with time
— Considered for progressive weakness, unremitting pain, cauda equina syndrome or
myelopathy

CAUDA EQUINA SYNDROME (Figure 4-162) (See Spinal Cord Injury Chapter)
General

e Injury to the nerve roots forming the cauda equina. Usually a result of a large central disc
herniation. Other causes may include epidural tumors, hematomas, abscesses, and trauma

Clinical Presentation

e Lumbar, buttock, perianal discomfort, and lower limb weakness
* Bowel and bladder abnormalities (retention, frequency, incontinence); sexual dysfunction
e Saddle anesthesia including the back of the legs, buttocks, and soles of the feet
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Nucleus

ulposus
pup Intervertebral

disc

A. Large Central i e

) L. ligy
Disc Hemiation B. Numbness Distribution

FIGURE 4-162. Cauda Equina Syndrome.

MYELOPATHY
General

o Injury to the spinal cord. Patients can have a history of radiculopathy, disc herniation, or
spondylosis. Tumors, arterio-venous malformations, multiple sclerosis, syphilis,
syringomyelia, amyotrophic lateral sclerosis, or rheumatoid arthritis may also be considered.

Clinical Presentation

e Spastic or ataxic gait abnormalities, weakness, sensory changes, bowel or bladder dys-
function, bilateral radiculopathy

e Upper motor neuron signs including: Hyperreflexia, clonus, spasticity, Lhermitte’s phe-
nomenon, up-going plantar response, Hoffmann’s sign

UPPER MOTOR NEURON SIGNS

Plantar Responses (Figure 4-163)

Rub the sole of the foot from a lateral to
medial direction up the arch and monitor
for an up-going great toe

A B.

FIGURE 4-163. Babinski Test—Plantar
Responses. A. Negative B. Positive

Hoffmann’s Sign (Figure 4-164)

Flick the patient’'s middle finger and
monitor for twitching of the thumb

FIGURE 4-164. Hoffmann’s Sign.
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INTERNAL DISC DISRUPTION

General

This is the degradation of the
internal architecture of the disc
without a gross herniation. It is
associated with annular fissures
and nuclear tissue disorganiza-
tion. The degradation of nuclear
material can lead to radial fis-
sures and erosion of the
annulus, causing chemical and
mechanical stimulation of noci-
ceptive fibers

() hoe

Grade 3

Grade 0
I/ . .l\

ye

Grade 2

8

Grading (Figure 4-165)

No annular disruption

Inner 1/3 annular disruption

Inner 2/3 annular disruption

WIIN(=Oo

Outer 1/3 annular disruption
+ circumferential spreading

Etiology (Figure 4-166)

FIGURE 4-165. Internal Disc Disruption. Grades of
radial fissures in internal disc disruption. (See text for
description of grades.)

¢ Endplate fractures from excessive loads

Clinical Presentation

¢ Constant deep aching axial discomfort, increased with mechanical stresses, i.e., sitting
* May have absent neurologic involvement

J

HEALING

ENDPLATE FRACTURE

DISC DEGRADATION

FIGURE 4-166. Possible Outcome of Endplate Fractures: Compression of the intervertebral disc results
in fracture of a vertebral end-plate. The fracture may heal or trigger intervertebral disc degradation.
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Diagnostic Studies

¢ Imaging: CT/discogram, MRI
e Radial fissures are best demonstrated on postdiscogram CT
¢ A high-intensity zone (HIZ) in the annulus may be seen on T2 weighted MRI images.

Treatment

¢ Conservative care
— Relative rest, medications; rehabilitation program; epidural steroid injections. Intradiscal
corticosteroids have demonstrated limited success in discs with HIZs. Intradiscal elec-
trothermography annuloplasty or radio-frequency treatments may also prove beneficial
® Surgical care
— Spinal procedures including stabilization may be considered for patients with unremit-
ting pain

]
BONE DISORDERS OF THE SPINE

SPINAL STENOSIS

General

® Degenerative changes occur to the spine
resulting in disc space narrowing, vertebral
body osteophytosis, and joint arthropathy.
This narrows the central canal, lateral recess,
or neuroforamina, which produces stenosis.
Neural compression or ischemia is possible,
causing associated limb pain syndromes that
usually present at ~50 years of age.
Involvement of the lumbar region is most
common, affecting the L3 and L4 levels

Classification

¢ Central stenosis (Figure 4-167)

— Decreased size of the vertebral canal sec-
ondary to hypertrophic facets, hypertrophic
ligamentum flavum, disc encroachment, or
degenerative spondylolistheses

— Cervical spine AP diameters: The spinal cord
is approximately 10 mm; the spinal canal—
17 mm. Neurologic sequelae may begin with
a central canal less than 12 mm (relative
stenosis) to 10 mm (absolute stenosis)

¢ Lateral stenosis (Figure 4-168)

— Lumbar spine: Lateral stenosis has been

further subdivided into three areas of

entrapment, across the motion segment
= A) Lateral Recess

= B) Mid Zone

= C) Intervertebral Foramen

FIGURE 4-167. Central Spinal Stenosis
A. Normal. B. Canal Stenosis
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FIGURE 4-168. Lateral Stenosis. A. Lateral Recess. B. Mid Zone. C. Intervertebral Foramen.

Entrance Zone Exit Zone
Zones (Lateral recess) Midzone (Pars region) (Intervertebral foramen)
Borders Posterior: Superior articular | Posterior: Pars interarticularis | Posterior: Z-joint (inferior
process Anterior: Posterior vertebral level)
Anterior: Posterior body Anterior: Posterior disc
vertebral body and disc | Medial wall: Open (inferior level )
Medial and lateral walls:
Open
Contents | Lumbar nerve root Dorsal root ganglia Spinal nerve

Ventral motor root

Etiology | Hypertrophic facet joints Osteophytes under the pars | Hypertrophic facet joints

(SAP) (SAP)
Root Level | Same as the vertebrae Same as the vertebrae One level up from the
(L3 SAP involve L3 roots) | (L3 pars involve L3 roots) vertebrae

(L4 SAP or L3-L4
disc involve L3 roots)

SAP = Superior Articulate Process

Etiology

¢ Congenital
— Hereditary
— Achondroplastic
* Acquired
Degenerative (most common)
— Spondylotic/spondylolisthetic
Iatrogenic (postlaminectomy/fusion)
Posttraumatic
— Metabolic (Paget’s disease)

Clinical Presentation

® Gradual neck or back discomfort with upper or lower limb involvement

* Neurogenic claudication (pseudoclaudication): Pain in the buttock, thigh, or leg with
standing or walking relieved with sitting or leaning forward. This may be due to neural
ischemia or venous congestion

* Myelopathic changes may be noted with higher spinal involvement
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Claudication
Types Neurogenic (pseudoclaudication) Vascular
Discomfort Numbness, aches, pain Cramping, tightness
Location Thigh and calf Calf
Exacerbation Standing, walking, lying flat Walking, cycling
Bicycle test Painless Painful
Downhill walking Painful Painless
Uphill walking Painless Painful
Remission Flexed position, bending, sitting Standing, resting, lying flat

Associated factors

Back pain, decreased spine motion,
atrophy, weakness, normal pulses

Rare back pain, normal spine motion,
Rare atrophy or weakness; abnormal
pulses; loss of hair; shiny skin

Diagnostic Studies

¢ Imaging: X-rays, CT, myelogram, MRI
- Findings include multilevel vertebral body osteophytosis, ligamentum flavum hyper-
trophy, and Z-joint arthropathy compromising the vertebral canal or foramen

Treatment

e Conservative care

— Relative rest; medications. Rehabilitation program: Focus on a flexion based or neutral
positioned program and spinal stabilization; epidural steroid injections; aquatic therapy

® Surgical care

— Spinal procedures including decompression and/or stabilization.

SPONDYLOLYSIS (Figure 4-169)

General

* A vertebral defect most com-
monly seen in children and
adolescents at the L5 vertebral
level. It occurs at the pars

which is

formed at the junction of the
pedicle, transverse process,
lamina and the two articular

processes. This can lead to a

interarticularis,

spondylolisthesis

Etiology

* Hyperextension forces (Sports:
gymnastics, football)

FIGURE 4-169.

Lumbar Spondylolysis.
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Clinical Presentation

¢ Localized back pain exacerbated by
motion (hyperextension), standing, lying
prone, and relieved with flexion

¢ Neurologic exam should be normal

Diagnostic Studies

¢ Imaging: L1 X rays, bone scan with single
Photon Emission Computed tomography
(SPECT), CT, MRI
— Oblique X rays demonstrate a pars
defect represented by a collar on the
“Scotty dog” (Figure 4-170)
— Bone scans may be hot (positive) at 5 to
7 days and last up to 18 months, aiding
in distinguishing between acute and
chronic fractures
¢ SPECT increase bone scanning sensitivity

Treatment

¢ See the treatment for spondylolisthesis

SPONDYLOLISTHESIS (Figure 4-171)
General

¢ A forward (anterolisthesis) or backward
(retrolisthesis) slippage of one vertebral
body on another. It can present at any ver-
tebral level but is most commonly seen in
the lumbar region. Occurrence is 2 to 4
times greater in males.

CLASSIFICATION

¢ Lumbar slippage: Measured according to
the percentage of displacement of the
adjacent vertebrae (Figure 4-172)

MEYERDING GRADING OF SLIPPAGE

Grade 0 0% slippage
Grade 1 1-25% slippage
Grade 2 26-50% slippage
Grade 3 51-75% slippage
Grade 4 76-100% slippage
Spondyloptosis > 100% slippage

Superior
facet
Spinous
process -Transverse
process

FIGURE 4-170. Spondylolysis (“Scotty Dog
with Collar’ Defect in the Pars Interarticularis)

FIGURE 4-171. Spondylolisthesis (“Scotty
Dog Decapitated”). In this instance the
apparent collar on the scotty dog widens
because the vertebra has slipped.
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Grade 0 (normal) Grade 1 (rl —25%) Grade 2 (26-50%)

A 'r'__

i
\

Grade 3 (51-75%)

FIGURE 4-172. Meyerding Grading of Slippage—See text for grading description (previous page).

Etiology
Class Type Age Criteria
I Dysplastic (congenital) | Child Congenital abnormality of the lumbosacral Z-joint
II Isthmic (most common) | 5-50 Pars interarticularis fracture (subtype A), which is
most common at L5-S1 or an elongation (subtype B)
III Degenerative Elderly Facet arthrosis causing subluxation. Common
location: L4-5
v Traumatic Young Acute fracture in surrounding location other than
the pars
v Pathological Any Generalized disease: Cancer, infection, metabolic
disorder
VI Postsurgical Adult Excessive resection of neural arches or facets
causing an unstable structure

Clinical Presentation

* Low back pain exacerbated with motion; hamstring tightness; palpable step-off noted at
the slippage site
¢ Radicular symptoms may occur with marked slippage

Diagnostic Studies

¢ Imaging: X rays, bone scan with SPECT, CT, MRI
¢ Flexion and extension views may demonstrate signs of segmental instability
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Angle = 11°
abnormal

FIGURE 4-173. Increased Cervical FIGURE 4-174. Increased Cervical
Translation—Sagittal Plane. Rotation—Sagittal Plane.

Cervical instability is translation >3.5 mm

Instability is translation >3.5mm

— Instability: Translation > 3.5 mm (cervical) or > 5 mm (thoracic or lumbar). Rotational
motion of two adjacent vertebrae > 11° (cervical) and 15° (lumbar) (Fig. 4-173 and
4-174)

Treatment
¢ Conservative care
— Grade 1, Grade 2, and asymptomatic Grade 3
= Relative rest, eliminate aggravating activities. Rehabilitation program: Focus on
spinal stabilization exercises in a flexion biased position and hamstring flexibility.
Asymptomatic Grade 1 slips may return to any activity but asymptomatic Grade 2
and 3 slips are restricted from contact sports. Slip progression is uncommon and treat-
ment will depend on risk factors and degree of angulation
= TLSO bracing is used if increased pain occurs despite decreased activity or an increase
slippage is suspected
e Surgical care
— Symptomatic Grade 3 and Grades 4 and 5
— Spinal procedures including a bilateral posterolateral fusion with or without decom-
pression

SCOLIOSIS (See also Pediatric Chapter)

General

e A general spinal deformity characterized by lateral curvatures and vertebral rotation. It
may be associated with a fixed structural curve or reducible functional curve. Correlation
with discomfort is unclear but low back pain is usually the initial symptom. It is related to
curve severity and usually begins at the convexity
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Etiology
Structural Scoliosis
Idiopathic Most common
Subtypes
Infantile Birth to 3 years: Associated with congenital defects
Juvenile 4 years to 10 years: High risk of curve progression
Adolescent Most common; 10 years to maturity; high risk of progression
Congenital May be due to an early embryologic developmental defect
Subtypes
Open Caused by myelomeningocele
May be associated with neurologic deficits
Closed Associated with a wedged vertebra, hemivertebra, congenital
bar, or block vertebrae
Neuromuscular | Certain neuromuscular disorders may have a rapid curve progression with
associated pulmonary and spinal cord complications

Clinical Presentation

Patterns Characteristics

Right thoracic curve Most common; the apex can typically be seen at T7 or T8

Double major curve Right thoracic with a left lumbar curve; little cosmetic deformity

Lumbar curve Left lumbar curves are greater than right lumbar curves.

Thoracolumbar curve Less cosmetic deformity than thoracic curve, may have rib and flank
distortion

Left thoracic curve Rare; may be associated with spinal cord abnormalities

Diagnostic Studies

* Imaging: X rays help establish diagnosis and prognosis
— Follow-up X rays will depend on skeletal maturity, patient age, and degree of curvature
— Younger patients with rapidly progressing curves will warrant earlier X ray follow-up
* Rotation (Figure 4-175)
— Pedicle portion estimates the amount of vertebral rotation on the PA view
— Grading: 0 (no rotation) to 4 (complete pedicle rotation out of view)
¢ Curve: Cobb Angle (Figure 4-176)
— An angle formed by the perpendicular lines drawn from the endplates of the most tilted
proximal and distal vertebrae to measure the scoliotic curve
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Dscription

Grade: Neutral
A, Pedicle in full veiw
no rotation.

75"

Grade: +
B. Pedicle
disappearing

=¥

Grade: + +
C. Pedicle disappears.

2
=

Grade: + + +

D. Pedicle disappears
contralateral pedicle
mave to midline

FIGURE 4-176. Cobb Angle.

Grade: + + + +

E. Complete pedicle
rotation; contralateral
pedicle moves beyond
midline

FIGURE 4-175. Measurement of vertebral
rotation using pedicle method. Vertebral body
is divided into 6 segments and grades from 0
to 4+ are assigned, depending on location of
the pedicle within the segments.

Treatment

e Conservative care

— Rehabilitation program

— Bracing
Treatment Degree of Angulation
Observation < 20°
Bracing 20-40°
Surgery > 40° (< 35° neuromuscular disease)

¢ Criteria: Worn 23 hours a day until spinal growth is completed. Weaning off can begin
when radiographs display signs of maturity and curves are stable. Patients should be eval-
uated at 2 to 3 year intervals for life after the brace is discontinued

e Types:

Milwaukee brace

High thoracic curves (apex at T8)

Low profile TLSO

Lower thoracic, thoracolumbar, and lumbar curves (apex below T8)

* Surgical care

— Spinal procedures are indicated for curves with: Relentless progression, > 40° in the
skeletally immature, < 35° in neuromuscular disease, > 50° in the skeletally mature or
progressive loss of pulmonary function
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SCHEUERMANN’S DISEASE (EPIPHYSITIS)
General

d An adolescent disorder of the vertebral endplates and apophysis resulting in an
increased thoracic kyphosis. The kyphosis is generally > 45° and usually involves three
sequential vertebrae

Etiology

¢ Failure of endochondral ossification causing:
— Intervertebral disc herniation
— Anterior wedging of the vertebral bodies
— Fixed thoracolumbar kyphosis

Schmorl's Node

Clinical Presentation

® More common in adolescent males
¢ Can present with a progressive nonpainful thoracic kyphosis
e The thoracic kyphosis remains fixed and does not correct =~ FIGURE 4-177. Schmorl’s
with hyperextension Node.
e Back pain may occur in young athletes due to localized
stress injury to the vertebral growth plates

Diagnostic Studies

¢ Imaging: X rays, CT, MRI
— Irregular endplates, spondylosis, scoliosis, L Schmorl’s nodes (herniation of disc mate-
rial through the vertebral endplate into the spongiosa of the vertebral body), and verte-
bral wedging (~ 5°) (Figure 4-177)

Treatment
¢ Conservative Care
— Rehabilitation program: Focus on thoracic extension and abdominal strengthening
exercises.
— Bracing may be used for kyphosis < 74° for a length of time dependent on skeletal maturity
e Surgical Care
— Correction may be indicated if kyphosis is > 75° or > 65° in the skeletally mature

COMPRESSION FRACTURE (FIGURE 4-179)
General

¢ Typically associated with osteoporosis, these fractures are more commonly seen in the thora-
columbar junction. This is due to the transition between the fixed rigid thoracic and the highly
mobile lumbar vertebra. Denis described a three-column model for evaluating thoracolumbar
fractures and determining their stability (Figure 4-178). (See Spinal Cord Injury chapter.)

Column Components Stability
Anterior ¢ Anterior longitudinal ligament

® Anterior two-thirds of the vertebral body and annulus fibrosis Stable
Middle e Posterior longitudinal ligament

e Posterior one-third of the vertebral body and annulus fibrosis Unstable
Posterior ¢ Ligamentum flavum, supraspinous and infraspinous ligament

e Posterior elements: pedicles, facets, spinous process Stable
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Anterior Column

FIGURE 4-178. The Three-Column Model of Spine Stability. Reprinted with permission from Nesathurai
S, ed. The Rehabilitation of People With Spinal Cord Injury: A House Officer's Guide. Boston: Arbuckle
Academic Publishers, 1999.

Etiology

Trauma

Osteoporosis

Osteomalacia

Medication related: corticosteroids
Neoplasm (see Cancer chapter)

Clinical Presentation

¢ Sudden onset of constant thoracolumbar pain
¢ Exacerbated with Valsalva maneuvers, turning in bed, coughing, or incidental trauma

such as stepping off a curb

Diagnostic Studies

e Imaging: X rays, bone scan with SPECT, CT, MRI
e Vertebral body wedging on imaging studies. Bone scan with SPECT may have increased

sensitivity
Treatment

¢ Conservative care
— Indicated for fractures causing < 25% decrease of vertebral
height. Short-term bed rest followed by activity restriction.
Medications for pain control. Rehabilitation program:
Focus on hyperextension exercises

— Bracing
Elastic binder e Acts as a reminder to limit motion
¢ Increases intraabdominal pressure
Custom molded TLSO/ e Greater immobilization
Jewett brace * Places patient in slight hyperflexion
e Jewett should be used with caution
in the osteoporotic patient

Compression fracture

* Surgical care
— Spinal procedures are indicated for fracture causing > 50%
decrease of vertebral height, instability, and late kyphotic =~ FIGURE 4-179. Thoracic
deformity leading to neurologic compromise Compression Fracture.



286 m MUSCULOSKELETAL MEDICINE

]
JOINT DISORDERS OF THE SPINE

FACET SYNDROME (FIGURE 4-180)
General Facet Joints

* The facet joints (Z-joints) are true synovial joints containing a capsule, meniscus, and a syn-
ovial membrane. These joints also sustain progressively increasing compressive loads down
the spine, reaching approximately 12% to 25% in the lumbar region. As the disc decreases in
height, greater loads are imparted on the joints influencing the degenerative cascade.

Etiology

® Somatic dysfunction/facilitated segment
Positional overload

Capsular tears/injury
Meniscoidal/synovial impingement
Spondylosis

Clinical Presentation

e Neck or back pain exacerbated with rotation and
extension

e Referred pain pattern can be seen in a nonder-
matomal presentation

e No neurologic abnormalities

Diagnostic Studies FIGURE 4-180. Cervical Z-Joint
Referral Pain Patterns. (Posterior View)
¢ Imaging: Xray, CT, MRI
— Degenerative changes may be noted but are not diagnostic
— MRI may show hypertrophy of the capsule and facets

— Fluoroscopic Z-joint injections or medial branch blocks may have a higher diagnostic value

Treatment

¢ Conservative care
— Relative rest. Medications. Rehabilitation program: Focus on lumbar spine stabilization
with flexion and neutral postures, proper body mechanics. Manual medicine.
Interventional procedures may include facet joint injections or dorsal rami medial
branch radiofrequency ablation.

SACROILIAC JOINT DYSFUNCTION/SACROILIITIS
General

o The L-shaped articulation between the sacrum and the ilium has a synovial joint ante-
rior and syndesmosis posterior. It is innervated by the L5 dorsal ramus and lateral S1 to 53
(54) dorsal rami

Etiology

* Hyper/hypomobile joint patterns
¢ Repetitive overloads

e Trauma

¢ Capsular tears/injury
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Clinical Presentation

Acute or gradual back, buttock, leg, or groin pain with tenderness over the joint
Abnormal sacroiliac joint motion patterns, increased discomfort with positional changes
Discomfort within associated muscles, which may include the quadratus lumborum,

erector spinae, and piriformis
No neurologic abnormalities

PROVOCATIVE TESTS

Patrick’s (Faber) Test (Figure 4-181)

Pain reproduction with flexion, abduction
and external rotation of the hip joint.
Ipsilateral pain occurs in a degenerative
hip, contralateral pain occurs in the dys-
functional SI joint

FIGURE 4-181. Patrick’s (Faber) Test.

Gaenslen Test (Figure 4-182)

SI joint pain is reproduced with dropping
the involved leg off the table while the con-
tralateral hip is held in flexion

FIGURE 4-182. Gaenslen Test.

lliac Compression Test (Figure 4-183)

SI joint pain with downward force placed
on the iliac crest

Yeoman’s Test (Figure 4-184)

SI joint pain with hip extension and ilium
rotation

FIGURE 4-183. lliac Compression Test.

FIGURE 4-184. Yeoman'’s Test.
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PROVOCATIVE TESTS (Continued)

Gillet Test (Figure 4—-185)

Monitor posterior superior iliac spine (PSIS)
motion when the patient raises the leg to
90°. The PSIS on raised leg should rotate
down. Restriction of this motion is consid-
ered abnormal

Seated Flexion Test (Figure 4-186)

Monitor the PSIS of the seated patient as
they bend forward. Asymmetric cephalad
motion of the PSIS indicates a sacroiliac
dysfunction. Use the Standing Flexion Test
to distinguish the side of the dysfunction

FIGURE 4-185. Gillet Test.

FIGURE 4-186. Seated Flexion Test.
lllustration by Heather Platt, 2000.

Diagnostic Studies

Imaging: X ray, bone scan, CT, MRI

These studies can be considered to rule out alternative pathologies in resistant cases
Fluoroscopic sacroiliac joint injections can have higher diagnostic value
Serology workup can be indicated for underlying arthropathies

Treatment

Conservative care

— Relative rest. Medications. Rehabilitation program: Manual medicine, SI joint injections,

SI joint belt

SOFT TISSUE DISORDERS OF THE SPINE

SPRAIN/STRAIN

General

e This may be an overutilized term pertaining to muscular or ligamentous disruption due to

overload injuries

Etiology

Overuse syndromes

Excessive eccentric contraction
Acceleration-deceleration injuries
Acute trauma
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Clinical Presentation

* Muscle aches with associated spasm and guarding in the region of injury

* Delayed onset muscle soreness can occur within 24-48 hours after an eccentric overload
injury

¢ Facilitated segmental or somatic dysfunction may be more commonly involved then actual
tissue disruption

* Normal neurologic exam

Diagnostic Studies

* None available. Strengthening of lordotic curves may be seen on lateral X rays due to
muscle spasm

Treatment

¢ Conservative care
— Relative rest. Medication. Rehabilitation program: Manual medicine, focus on flexibility,
range of motion, strengthening, and spinal stabilization exercises

MYOFACIAL PAIN SYNDROMES /«"_“\_
General ¢ }
S {/

¢ Regional pain with local muscle ten- Y \

derness and associated trigger points e .

(Figure 4-187) re |
Etiology
e Postural mechanics
¢ Overuse injuries
® Trauma FIGURE 4-187. Myofascial Trigger Point: Pulling the
e Stress taut band under the finger tip at the trigger point

(dark stippled area) produces a “local twitch

Clinical Presentation response” with shortening of the band of muscle.

® Muscle tenderness. Trigger points:
Palpable taut band with twitch response and referred pain patterns

¢ Other nonmuscular symptoms including paresthesias, poor sleep patterns, and fatigue
may occur

¢ Normal neurologic exam

Diagnostic Studies

None available. Further work-up may be considered to rule out other potential alternative
pathologies

Treatment

¢ Conservative care
— Correct underlying causes. Medications (analgesics, tricyclics) for discomfort or sleep.
Rehabilitation program: Focus on flexibility, strengthening and aerobic exercises. Spray
and stretch or trigger point injections may be beneficial. Psychologic counseling
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FIBROMYALGIA (SEE RHEUMATOLOGY CHAPTER)

]
OTHER INFECTIOUS DISORDERS OF THE SPINE

VERTEBRAL BODY OSTEOMYELITIS AND DISCITIS (Figure 4—188)
General

o An embolic infection of the vertebral body metaphysis causing ischemia, infarct, and
bony destruction with disc involvement. Risk factors include advanced age, diabetes,
immunodeficiency, penetrating trauma, GU procedures and invasive spinal procedures. It
is most commonly seen in the lumbar spine, but increases in the cervical region with intra-
venous drug abuse and in the thoracolumbar junction with tuberculosis

Etiology

e Staphylococcus aureus—most common
® Pseudomonas—intravenous drug abuse
o Mycobacterium tuberculi—Pott’s disease

Clinical Presentation

e Fever and back pain exacerbated with extension

e Spinal deformity evolves with collapse of vertebral body

e Neurologic involvement including radicular pain, myelopathy, or paralysis can occur due
to direct dural invasion with compression from an epidural abscess

Diagnostic Studies

¢ Imaging: X rays, bone scan and SPECT, CT, MRI, or labs
— By 2 weeks, radiographs demonstrate disc space narrowing and blurred endplates. CT
shows hypodensity with trabecular, cortical, and endplate destruction. MRI is the most sen-
sitive and specific with T1 hypointensity, T2 hyperintensity and gadolinium enhancement
— Serology: Blood: Leukocytosis, increased ESR and C-reactive protein, positive Gram
stain and cultures
— Positive bone biopsy

Angulation and
collapse of
vertebral bodies

FIGURE 4-188. Pott’s Disease: Spinal Tuberculosis.
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Treatment

¢ Conservative care
— Spinal immobilization with casting or bracing. Intravenous and oral medication. Early
ambulation.
— Maedications:
= Staphylococcus aureus—Penicillin, first or second generation cephalosporins
= Pseudomonas—Extended spectrum penicillins
= Tuberculosis—12 months mycobacterial agents (rifampin, INH, ethambutol, pyrazi-
namide)
® Surgical care
— Spinal procedure including decompression and/or fusion

NONORGANIC SOURCES
MALINGERING
General

e Patients may misrepresent their condition due to secondary gain issues. More than pure
symptom magnification or a deceptive distortion of events, malingering is a DSM-IV dis-
order. It is defined as an intentional production of falsely or grossly exaggerated physical
and psychological symptoms

Etiology

Motivated by external incentives
Avoiding work

Avoiding military duty
Obtaining financial compensation
Obtaining drugs

Evading criminal prosecution

Clinical Presentation

e Exaggerated complaints with nonanatomical basis and without an organic pathology

¢ Multiple screening tests exist. In particular for patients with low back pain are the Waddell
signs. Demonstration of more than three of five presentations may be cause for suspicion.
These can be remembered with the acronym DO ReST

Waddell Signs

Signs Comments

Distraction Presentation of severe radicular pain with the supine straight leg raising test but
no pain in the seated straight leg raising test. Both should be positive

Overreaction Inappropriate, disproportionate reactions to a request. This may manifest with
exaggerated verbalizations, facial expressions, tremors, or collapsing

Regionalization | Motor or sensory abnormalities without anatomic basis such as in a stocking-
glove distribution, give-way weakness or cog-wheel type of rigidity

Simulation Leg or lumbar pain with a light axial load on the skull. Or a presentation of
lumbar pain with simultaneous pelvis and shoulder rotation in unison

Tenderness Exaggerated sensitivity or dramatic reproduction of pain with light touch of the
soft tissue or with skin-rolling
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Diagnostic Studies

* There are no specific studies to determine if a patient is malingering or demonstrating
associated disorders. Certain psychological tests may offer insight on a patient’s condition
but diagnosis rests mainly on clinical suspicion

Treatment

¢ This rests on addressing the underlying issues involved with each patient’s individual sit-
uation. It may require a multidisciplined approach incorporating diverse aspects of the
medical field, as well as confronting certain social matters

MEDICAL SOURCES

Visceral disorders GU (prostatitis, renal stones), bladder, gynecological (endometriosis,
PID, ectopic pregnancy), GI (pancreatitis, cholecystitis, PUD)

Psychological disorders | Depression, anxiety, hysteria, somatization disorders

Neoplastic disorders Primary tumors, metastatic tumors. See Cancer chapter

Vascular disorders Aortic aneurysm (back pain associated with pulsatile abdominal mass)

Rheumatologic disorders | See Rheumatology chapter

Hematologic disorders Sickle cell anemia, thalassemia
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INTRODUCTION

Electrodiagnostic medicine incorporates a patient’s history and physical examination with an
electrophysiologic evaluation. Combining data found on electromyography (EMG) and
nerve conduction studies (NCS), the pathophysiology of a disease process can be defined to
further illustrate location, duration, severity, and prognosis. It can function as a valuable aid
in patient management, serving as an extension of the clinical exam, but not a substitute.

This chapter focuses on board-related topics about neuromuscular disorders and asso-
ciated electrophysiologic changes. It is to be used as a study guide. It is not intended to be an
all-inclusive composite. However, for more elaborate coverage of the subject matter, the
reader is directed to the recommended reading at the end of this chapter.

||
BASIC ANATOMY/PHYSIOLOGY

MOTOR UNIT (MU)

Definition

This anatomic structure is the basic functional
element of the neuromuscular system (Figure 5-1).

Components

* Alpha Motor Neuron (AMN)
Description: This is the cell body, or soma, of the
motor nerve. It is located in the anterior horn
region of the spinal cord and regulates the char-
acteristics of the entire motor unit. FIGURE 5-1. The Motor Unit. 1—Anterior
Horn Cell. 2-Nerve Root. 3—Spinal Nerve.

: Axon.(S.p inal Newe) 4—Plexus. 5—Peripheral Nerve.
Description: This is the neural branch of the cell g _Neuromuscular Junction. 7—Muscle

body that propagates current flow and transports  Fiper. (Reprinted with permission from
cell nutrition (axonal transport). It can be unmyeli-  Dumitru D. Electrodiagnostic Medicine.
nated or myelinated by the Schwann cells. Philadelphia, Hanley & Belfus, 1995)

295
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* Terminal Nerve Branches (Peripheral Nerve)

Description: These are multiple neural extensions from the distal portion of the axon. They
innervate individual muscle fibers. The amount of muscle fibers belonging to an axon is
the innervation ratio (IR). This ratio varies, depending on the function of the motor unit.
Muscles of gross movement have a larger amount of their fibers innervated by one axon
(high ratio). Muscles of fine movement have a smaller amount of their fibers innervated by
one axon (low ratio).  The axons innervating leg muscles can have a ratio of 600 muscle
fibers to 1 axon (600:1) while the IR of the eye muscles can be 1 muscle fiber to 1 axon (1:1).
The higher the IR the greater the force generated by that motor unit.

* Neuromuscular Junctions
Description: This is the site where the electric impulse propagated along the axon is con-
verted into a chemical reaction to initiate a muscle action potential.

* Muscle Fibers
Description: These extrafusal fibers are the final components of the motor unit. Their char-
acteristics, including twitch response, depend on the alpha motor neuron by which it is
innervated.

Alpha Motor Neuron (AMN)

The three motor neurons listed in Table 5-1 innervate specific fibers, extrafusal or intrafusal.
Needle electromyography monitors factors related to the motor unit and thus is limited to eval-
uating the alpha motor neurons. The alpha motor neurons and associated motor unit parame-
ters have been described based on size and physiology (Figure 5-2). The order of recruitment is
related to their size, starting with the smaller motor units. This sequential activation allows for
a smooth increase of contractile force and is described by the Henneman Size Principle.

TABLE 5-1 Three Types of Motor Neurons

Motor Neuron Innervations

Alpha Extrafusal Fibers—Skeletal muscle
Gamma Intrafusal Fibers—Muscle spindle
Beta Intrafusal and Extrafusal Fibers
Descriptions Characteristics

Type I Smaller cell body

Thinner diameter axon

Lower innervation ratio

Slower twitch muscle fibers

Type II Larger cell body

Thicker diameter axon

Higher innervation ratio

Faster twitch muscle fibers

Henneman Size Principle

A smaller alpha motor neuron has a lower threshold of excitation, causing it to be
recruited first during voluntary contraction.

A larger alpha motor neuron has a higher threshold of excitation and is recruited
when more motor units are needed to generate greater contractile force.
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FIGURE 5-2. Description of Type | and Type Il Alpha Motor Neurons

Axons

These are long cellular processes that make up the nerve. Their diameter and function vary,
along with impulse propagation velocity. Two classic classifications describing the different
nerve fibers are listed below, but the electrodiagnostic evaluation only tests the Ia fibers.

Nerve Fiber Classification (Table 5-2)

TABLE 5-2

Lloyd and Hunt | Erlanger and Gasser | Diameter | Velocity

(Sensory) (Sensory and Motor) | (pm) (m/s) Function

Ia fibers A-alpha fibers 10-20 50-120 Motor: alpha motor neurons
largest fastest Sensory: muscle spindle

Ib fibers A-alpha fibers 10-20 50-120 Sensory: Golgi tendon organ,

touch, pressure
II fibers A-beta fibers 4-12 25-70 Motor: intrafusal and extrafusal

muscle fibers
Sensory: muscle spindle, touch,

pressure
III fibers A-gamma fibers 2-8 10-50 Motor: gamma motor neurons,
muscle spindle
A-delta fibers 1-5 3-30 Sensory: touch, pain, temperature
IV fibers B-fibers 1-3 3-15 Motor: preganglionic autonomic
fibers
C-fibers <1 <2 Motor: postganglionic autonomic
fibers

Sensory: pain, temperature
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Connective Tissue (Figure 5-3)

Endoneurium

Description: This is the connective
tissue surrounding each individual
axon and its myelin sheath.

Perineurium

Description: This is the strong, protec-
tive, connective tissue surrounding
bundles or fascicles of myelinated and
unmyelinated nerve fibers. It helps
strengthen the nerve and acts as a dif-
fusion barrier. Individual axons may
cross from one bundle to another
along the course of the nerve.

Epineurium

FIGURE 5-3. Neuronal Connective Tissue: The
Internal Anatomy of the Nerve. (From Buschbacher
RM: Basic tissue organization and function. In
Buschbacher RM (ed): Musculoskeletal Disorders:

A Practical Guide for Diagnosis and Rehabilitation.
Stoneham, Mass,, Butterworth-Heinemann. 1994, p.17.)

Description: This is the loose connec-
tive tissue surrounding the entire
nerve that holds the fascicles together and protects it from compression.

Function
¢ Resting Membrane Potential (RMP)
Description: This is the voltage of the axon’s cell membrane at rest.

Leak Channels
These are openings that allow sodium (Na*) and potassium (K*) to move passively in and out
of the cell membrane.

Na*-K" ATP-Dependent Pumps

The RMP of the nerve would dissipate from diffusion through the leak channels; however, a
negative potential is maintained inside the cell by actively exporting three ions of Na* and
importing two ions of K* through a semipermeable membrane. This keeps each ion against a
concentration gradient with a deficit of positive ions inside the cell (Figure 5-4).

Normal RMP: -70 to -90 mV

@ ©
@
@ @
Nt k* @
Exracelolor + 4 + .
Nat/K"
Pump
\ntrocelivlar o . _/ \
Na* < ATP 0P+,
A A 4
@
'\ O]

FIGURE 5-4. Na*-K* ATP-dependent pump: (2) K* ions are imported. (3) Na* ions are exported,
therefore a negative potential is maintained inside the cell.
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e Depolarization
Description: When an outside current is applied to a nerve by a stimulator consisting of a
negative pole (cathode) and a positive pole (anode), positive charges on the axon become
attracted under the cathode and lower the membrane potential. The membrane becomes
increasingly permeable to Na*, which rushes into the cell through the opened voltage-
gated channels toward an equilibrium. This process of = sodium conductance (Figure
5-5) is the most important event in generating an action potential.
— Action Potential (AP)
This is a voltage change occurring from an excited cell. The electric impulse propagates
along an axon or muscle membrane. It can also be evoked by a stimulator. The all-or-
none response travels in both directions along the axon.
— All-or-None Response
A stimulus must be strong enough to reach a certain threshold of activation. Once
reached, the AP generated remains at a constant size and configuration. If it is below this

FIGURE 5-5. A: Sodium (gNa) and Potassium (gK) ion conductances are depicted over time,
resulting in an alteration of the transmembrane potential and creating an action potential. B: The
spatial relationship of the sodium and potassium ion influx during an action potential is schematicallly
depicted. Note the alteration of the transmembrane ionic potential differences corresponding to the
depolarization and repolarization. C: Local circuit currents describe the pathways of extracellular
sodium ions entering the cell and then migrating longitudinally within the cell. D: Triphasic extracellular
waveform associated with the intracellular monophasic action potential. (Reprinted with permission
from Dumitru D. Electrodiagnostic Medicine. Philadelphia, Hanley & Belfus, 1995.)
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threshold, no potential will occur.
Furthermore, any stimulus inten-
sity greater than the threshold will Resting Adtivated Inactivated
not generate a larger potential. — cromy ou e e ssmy o)

- Na* Voltage Gated Channels ~ ' {
These are protein channels used for
ion exchange. They have activation °
and inactivation gates, that )
undergo conformational changes
from a depolarization. This allows
increased Na' influx into the cell
(Figure 5-6).

— Absolute Refractory Period FIGURE 5-6. Na* Voltage Gated Channels
This pertains to the time after closure
of the inactivation gates. They will not immediately reopen. No action potential can be
formed at this time, no matter how strong a repeated stimulus is used.

— Relative Refractory Period
This pertains to the period of time after the absolute refractory period. At this time an
action potential can be elicited with more intense stimulation.

— Temperature Effects
The Na™ channels will remain open for approximately 25 microseconds (ps). A decrease
in temperature affects the protein configuration and causes a delay in opening and
closing of the gates. This typically changes the waveform appearance, as described
below. However the amplitude can drop due to an increase in temporal dispersion or
phase cancellation. Also, note the difference in focal cooling compared to generalized
limb cooling (Figure 5-7).

~
Inactivation gate o

Parameters Change

Latency Prolonged
Amplitude Increased
Duration Increased
Conduction Velocity Decreased

* Propagation
Description: As Na* goes into the
cell from a depolarization, it
moves away from the membrane
and spreads the current down a
path of least resistance along the
length of theaxon.  The affinity
to flow back out through the
membrane is low due to the
myelin sheath covering. Thus, the
potential “jumps” to the next
group of Na" channels, located
between the myelin, to areas

called the Nodes of Ranvier. This  gGURE 5-7. Decreased Temperature Effects. A: Normal.
process of propagating a current B: Focal Cooling. C: Generalized Cooling. (Reprinted with
from one node to another is permission from Dumitru D. Electrodiagnostic Medicine.
known as saltatory conduction. Philadelphia, Hanley & Belfus, 1995.)
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Direction

Orthodromic

The action potential is monitored traveling in the direction of its typical physiologic con-
duction. The conduction along motor fibers is monitored away from the spinal cord, and
sensory fibers are monitored toward the spinal cord.

Antidromic

The action potential is monitored traveling in the opposite direction of its typical physio-
logic conduction. The conduction along motor fibers is monitored toward the spinal cord,
and sensory fibers are monitored away from the spinal cord.

* Repolarization
Description: This is the process of bringing

the depolarized membrane back to its Resting Slow Adtivation
resting state. It is dependent on Na* inacti- o
vation and K* activation. -

— K" Voltage-Gated Channels

These are protein channels, which, after a
slight delay, open from a depolarization. ar v
This allows K* to move out of the cell to
establish a charge equilibrium. A delay
exists in channel closure, which results
in a membrane with a hyperpolarized
state called an overshoot phenomenon. This
process of potassium con-
ductance eventually re-
turns the waveform to its
baseline due to the K* eleatior €8
leak channels restoring
the RMP (Figure 5-8).

FIGURE 5-8. K* Voltage Gated Channels

Terminal Nerve

Neuromuscular Junction

Axon Terminai

The distal portion of a motor in Synaptic Trough

axon has small twig-like pro-
jections that innervate indi-
vidual muscle fibers. This
portion of the nerve and
single muscle fiber forms the
motor endplate. The axon
terminal, containing various
neural structures, including
mitochondria and synaptic
vesicles with acetylcholine

(ACh), does not contact its  gGURE 5-9. The Neuromuscular Junction. A: Longitudinal
muscle fiber. Rather, it  gection of the Junction. B: Enlarged View. (From Fawcett DW:
remains separate from it by  Bloom and Fawcett: A Textbook of Histology. Philadelphia,
primary and secondary  W.B.Saunders, 1986, Edward Arnold Publishing, © Don W.
synaptic clefts (Figure 5-9). Fawcett.)
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Components

¢ Presynaptic Region
Description: This is the bulbous area at the axon’s terminal zone. It is comprised of three
storage compartments containing acetylcholine. They are contained in packets called
quanta consisting of approximately 5,000-10,000 molecules. The acetylcholine migrates
from the main and mobilization storage compartments to replenish the immediate storage
compartment, which is depleted in the process of generating each action potential. This
migration of acetylcholine takes approximately 4-5 seconds.

Storage Compartments Content

Main store 300,000 quanta
Mobilized store 10,000 quanta
Immediate store 1,000 quanta

e Synaptic Cleft
Description: This is a space 200-500 angstroms wide where acetylcholine crosses from the
presynaptic region toward receptors on the postsynaptic region. It contains an enzyme,
acetylcholine esterase, which degrades acetylcholine into acetate and choline as it crosses
the cleft.

® Postsynaptic Region
Description: This is a membrane lined with acetylcholine receptors. It has convolutions to
increase its surface area by approximately 10 times the surface of the presynaptic mem-
brane. At the crests of each fold, receptors are located across from the presynaptic active
zones, which are the sites of acetylcholine release. Each postsynaptic acetylcholine
receptor requires two molecules of acetylcholine to become activated.

Function

ACh Release

* Resting State
During the periods of inactivation, a spontaneous release of a quanta occurs every 5
seconds. This results in one miniature endplate potential (MEPP).

¢ Excited State
During the periods of activation, a nerve
depolarization opens voltage-gated
calcium (Ca™) channels. Ca™ floods the

Adtion Potentiol

nerve terminals and remains there { 3Pk G 1. hatoe
approximately 200 ms. This leads to the . Cldomaty 2. S A
release of multiple quanta into the

synaptic cleft, which increases the

amount of MEPPs. These MEPPs B Neside Ruptre &

l Release of

summate and form an endplate potential
(EPP), which generates a motor unit
action potential (MUAP) (Figure 5-10).
Safety Factor (SF)

Description: The amplitude of an EPP
must be high enough to initiate an action
potential. Normally, the EPP’s amplitude
is four times the amount needed to initiate
an action potential. However, the EPP’s
amplitude drops each time the EPP is
created, due to a drop in immediate avail-
able acetylcholine. This initial excess

e
k 9. Upiake of Choline

6. Combination with

\‘Ke(ep'urs

7. Increased Permeability
1o No* and K+

Depolarization (end-plate potential)

8. Hydrolysis of ACh (ACh esterase)
Action Potenial

FIGURE 5-10. Acetylcholine Release and
Recycling
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amplitude of the EPP is called the safety e Swomes Zline
factor and allows time for acetylcholine to
move from the main and mobilizing
storage compartments to replenish the
immediate storage compartment. This
avoids a drop of the EPP’s amplitude
below the threshold needed to cause an
action potential. The safety factor depends | | ‘
on two parameters: | o :;"": o
— Quantal Content _ o )
This is the number of ACh quanta e T
released with each nerve depolarization. > T — =
— Quantal Response s
This is the ability of the ACh receptors to ot ABand o
respond to the ACh molecules that are
released. FIGURE 5-11. The Sarcomere
Muscle Fiber u;.(e Sarcomere Zl:;
This is a cylindrical multinucleated cell con- = Eg 35 s 3% %
taining contractile elements composed of 2= X e =
actin and myosin. The muscle cell (sar- \Tl m \T‘
comere) runs from Z line to Z line (Figure A Band
5-11). Its size changes during contraction. z|= Lne Ll _
(Figure 5-12) E|= X X =
=== S
Muscle Fiber Classification z| U -
Description: The characteristics of these = {Bond e {ond
fibers depend on the MU by which it is = LLine Iline
innervated. If a muscle fiber becomes §§ >>§ g %
denervated it will take on the character- EE = % X —
istics of the alpha motor neuron that =8 \m‘ \W‘

reinnervates it. (Table 5-3)

FIGURE 5-12. Sarcomere Positional Changes
TABLE 5-3 Muscle Fiber Classification

Type I (SO) Type II-A (FOG) Type II-B (FG)
Slow Twitch Fast Twitch Fast Twitch
Characteristics Oxidative Oxidative/Glycolytic Glycolytic
Alpha motor neuron Small Large Large
Color Dark Dark Pale
Recruitment Early Late Late
Fatigue Highly resistant Resistant Sensitive
Effort Mild (4-8 Hz) Intermediate (20-30 Hz) High (20-30 Hz)
Firing frequency Slow, prolonged Fast, unsustained Fast, unsustained
Movements Fine, precise Gross Gross
Innervation ratio Small Large Large
Amplitude/duration Small Large Large
O, capacity Aerobic Anaerobic Anaerobic
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Function

¢ Contraction
An action initiated by muscle fiber depolarization. The stimulus spread in both directions
on the fiber at 3-5 meters/second. It penetrates deeper into the muscle through the T-
tubule system. This causes Ca™ to be released from the sarcoplasm reticulum (SR). It binds to
the troponin-tropomyosin complex and exposes actin’s active sites. Myosin heads,
powered by ATP, bind with the active sites. The actin and myosin filaments slide over each
other to shorten the muscle (Figure 5-13).

¢ Relaxation
Powered by ATP, Ca™ is actively pumped back into the SR. This allows the tropomyosin
to block actin’s active sites. Absence of ATP results in rigor mortis due to the actin and
myosin filaments remaining permanently joined.

A. Contraction B. Relaxation ) :
<o =2 ° ACTION POTENTIAL
1 —— L e = MEMBRANE —
H Sarcoplasmic Reficulum 1 Sarcoplasmic Reficulum
H —— > (&ﬂium Pump) 0 CT— ' —— > (Caleiom Pump) 5 ——
: ———> O o< O —> | ——> (O o= O
e ——— > H
<-t > 0,°,°° = Oo © o0 0 <--ftr-> = Oo O
) N\ °© ®© o o o0 ° e
é@ /;® o wTropomyosin/ v w © 0 @l ®
L & Troponin . (] °
'Y —
A
y ‘a
3 Adin L8 1 N>
MYOSINFIAMENT»

FIGURE 5-13. Muscle Contraction: Excitation—Contraction Coupling in the Muscle. This shows an
action potential that causes the release of calcium ions from the sarcoplasmic reticulum and then
reuptake of the calcium ions by a calcium pump.
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CLINICAL INSTRUMENTATION

Electrodiagnostic Instruments (Figure 5-14)

[ Anclog Display Memory N G
600 ((emory )

High Analogic
& Low Digitll  —— Microprocessor
Frequency Conversion

G1 Active

G2 Reference

Video Monitor
Filters Cathode Ray Tube

Variable Gain
Differential Amplifier

l \_ Audio Monitor )
Nerve Stimulator }—

FIGURE 5-14. Electrodiagnostic Instrumentation. A: A patient with recording electrodes has a
peripheral nerve excited with a stimulator (G). B: The differential amplifier receives the action
potential. C: The signal is filtered. D: The analog signal is converted to a digital representation while
being fed to a loud speaker. E: The signal is displayed on a cathode ray tube. G: Stimulator is used
to excite the peripheral nervous system.

Electronic Circuitry (Ohm’s Law)

Definition

An electric current passes through a wire at an intensity of the current (I) measured in
amperes, equal to the electro-motor source (E) measured in volts, divided by the resistance
(R) measured in ohms.

I=E/RorE=1IR

Electrodes

Definition
These devices are used to record or stimulate the skin surface, muscle, or nerve.
¢ Recording Electrode
Description: This is a device placed on or through the skin to pick up muscle or nerve elec-
trical activity.
— Active Site
This pickup is placed over the endplate region of the muscle for a Compound
Muscle Action Potential (CMAP), or over the nerve for a Sensory Nerve Action
Potential (SNAP).
— Reference Site
This pickup is placed over the tendon for a CMAP or nerve for a SNAP. To obtain a
proper reading, the impedance (resistance) between electrode and skin must be kept
low by removing skin lotions, oils, gels, etc.
— Surface Electrode (Figure 5-15)
This is an electrode placed on the skin to record nerve or muscle action potentials.
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Disposable Strip
Electrode

Disposable
round
Electrode

=N

Circular Ground Electrode

Wire Ring

Standard Bar
Electrode

[
Jlectrode
” @)

Flat Disc Electrode (1 cm)

FIGURE 5-15. Various Types of Surface Electrodes. A: Square ground electrode. B: Lead strips
mounted in a plastic bar. C: Circular ground electrode. D: Non-lead plastic bar electrode. E: Flat disc
electrodes (1 cm). F: Flat disc electrodes mounted in a plastic bar. G: Wire ring electrodes. H: Pipe

cleaner electrodes. I: 1 mm tip plug.

Components (Figure 5-15)

¢ Needle Electrode

This is an electrode inserted through the skin to
record muscle or nerve action potentials. If
used for NCS, the waveform’s amplitude and
conduction velocity cannot be assessed because
the needle samples only a few fibers.

— Monopolar Needle Electrode (Figure 5-16)
This is a 22-30 gauge Teflon® coated needle
with an exposed tip of 0.15-0.2 mm?.
Advantage:
® Inexpensive
m Conical tip: omnidirectional recording
m Less painful (Teflon® decreases friction)

m Larger recording area (2 X concentric)

m Records more positive sharp waves (PSW)
Disadvantage:

m Requires a separate surface reference

Unstandardized tip area

Teflon® fraying

More interference

— Standard Concentric (Coaxial) Needle
Electrode (Figure 5-17)
This is a 24-26 gauge needle (reference) with
a bare inner wire (active).
Advantage:
m Standardized exposed area
m Fixed location from reference

FIGURE 5-16. Monopolar Needle
Electrode. (Reprinted with permission from
Dumitru D. Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus, 1995.)

FIGURE 5-17. Concentric Needle
Electrode. (Reprinted with permission from
Dumitru D. Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus, 1995.)
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m Less interference

m No separate reference

m Used for quantitative EMG

Disadvantage:

m Beveled tip: unidirectional recording

= Smaller recording area

m Motor unit action potentials (MUAP) have smaller
amplitudes

= More painful

— Bipolar Concentric Needle Electrode (Figure 5-18)
This is a needle with the active and reference wires
within its lumen.

Advantage:

m Best for isolating MUAP
m Less artifact
Disadvantage:

= Expensive

= More painful

— Single Fiber Needle Electrode (Figure 5-19)
This is a needle (reference) consisting of an exposed 25
pm diameter wire (active).

Advantage:

Looks at individual muscle fibers

Used to assess fiber type density

Used to assess jitter

Used to assess fiber blocking

Helpful in neuromuscular junction disorders

Helpful in motor neuron disorders

Disadvantage

= Not used for traditional EMG

¢ Ground Electrode

Description: This is a zero-voltage, neutral, surface refer-

FIGURE 5-18. Bipolar Needle
Electrode. (Reprinted with
permission from Dumitru D.
Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus,
1995.)

FIGURE 5-19. Single Fiber
Electrode. (Reprinted with
permission from Dumitru D.
Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus,
1995)

ence point placed between the recording electrode and the stimulating electrode.

e Stimulating Electrode

Description: This is a bipolar device used to apply an
electrical impulse to a nerve initiating an AP (Figure
5-20).

¢ Poles

— Cathode FIGURE 5-20. Bipolar Stimulator

This terminal generates a negative impulse,
which attracts positive charges from the axon.
— Anode

This terminal generates a positive impulse, which attracts negative charges from the axon.

Anodal Block

A theoretical local block that occurs when reversing the stimulator’s cathode and anode.
This hyperpolarizes the nerve, thus inhibiting the production of an action potential.
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STIMULATION INTENSITY

Threshold Stimulus
This is an electrical stimulus occurring at an intensity level just sufficient enough to
produce a detectable evoked potential from the nerve.
Maximal Stimulus
This is an electrical stimulus at an intensity level in which no further increase in an evoked
potential will occur from the nerve with added stimulus intensity.
Submaximal Stimulus
This is an electrical stimulus at an intensity below the maximal stimulus level but above
the threshold level. This can lead to a falsely lower recorded amplitude and prolonged
latency reading since all the axons of the nerve are not being discharged. During a distal
stimulation, these false readings can mimic axonal loss due to the decreased appearance of
the action potential. During a proximal stimulation they can mimic conduction block by
the appearance of a drop in action potential amplitude.
Supramaximal Stimulus
This is an electrical stimulus at an intensity 20% above the maximal stimulus and is typi-
cally used for nerve conduction studies. Waveform changes can occur if the intensity
is too high. This can cause a decreased latency due to increasing the surface area stimu-
lated, thus decreasing the distance the stimulus must travel. However, the amplitude
would remain unchanged. Also, volume conduction can occur from unwanted stimulation
of surrounding nerves and muscles, altering the waveform.
Stimulation Duration
This should be at 0.1-0.3 milliseconds. If it is higher, it can falsely prolong the distal latency
due to stimulating the nerve for a longer period of time.
Stimulation Number
— Averaging
This is a process that extracts the desired neurophysiologic signal from larger noise and
interference signals. These unwanted signals can occur from biological or environ-
mental sources, such as EMG audio feedback, needle artifact, 60 Hz line interference,
preamplifier proximity to the machine, fluorescent lights, or the patient.
— Signal-to-Noise Ratio (S:N)
The process of averaging improves the S:N by a factor that is the square root of the
number of averages performed. The number of averages must be increased by a factor
of 4 to double the S:N.

S:N = Signal Amplitude X V # of Averages Performed

Noise Amplitude

— Stimulus Artifact
This is a defect seen at the time the stimulus is applied to the skin and represents current
spread to the electrode. It can be reduced by:
m Placing the ground electrode between the recording electrode and stimulator
m Appropriate anode and cathode placement
m Cleansing the skin from dirt, perspiration, and lotions

DIFFERENTIAL AMPLIFIER

Definition

This is a device within a preamplifier that responds to alternating currents (AC) of electricity.
It cancels waveforms recorded at both the active and reference pickups and amplifies the
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remaining potentials (Figure 5-21). It should have a high impedence and common mode
rejection but low noise from within the system.

Common Mode Rejection Ratio (CMRR)
This refers to selectively amplifying different signals and rejecting common ones. It is
usually expressed as decibels (dB) and should be 90 dB or greater. The larger the CMRR,
the more efficient the amplifier.

€1 Adive Difference Signal = Active — Reference

60 cps interference

! 62 Reference 3

-

FIGURE 5-21. Schematic Representation of Differential Amplifier Function. A difference amplifier
only amplifies the difference in the signal present at the active and reference inputs. When 60 cps
interference is the same at both inputs, it is eliminated, leaving only the difference signal, this is the
action potential, being measured.

FILTERS

¢ Definition

This is a device composed of resistors and
capacitors that function to exclude un-
wanted waveforms from being recorded
(Figure 5-22).

o Types

viewed by instrument

- High Frequency (Low Pass) Filter
Description: This affects the faster
portion of the summated waveform. It
removes the signals with frequencies 0 oo

I II

above its cut-off setting but allows Frequency
lower frequencies to be recorded.
- Low Frequency (High Pass) Filter FIGURE 5-22. The Frequency Bandwidth.

Description: This affects the slower  Thisis a schematic representation of the fre-
portion of the summated waveform. It quencies the filters have “allowed” the instru-
removes the signals with frequencies ment to “vievy.” I: Low Frequency Filter. II: High
below its cut-off setting but allows Frequency Filter.

higher frequencies to be recorded.

® Settings
Sensory NCS: 20 Hz- 2 kHz
Motor NCS: 2 Hz-10 kHz

EMG: 20 Hz-10 kHz
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Elevating the Low Frequency Filter Reducing the High Frequency Filter
(Figure 5-23 I-1V) (Figure 5-24 I-1V)
® Shortens the peak latency * Prolongs the peak latency
® Reduces the amplitude ® Reduces amplitudes
* Changes potentials from bi- to triphasic | ® Creates a longer negative spike
* Does not change the onset latency * Prolongs the onset latency
FIGURE 5-23. Elevating the Low Frequency FIGURE 5-24. Reducing the High Frequency
Filter: Sequential elevation of the low frequency Filter: Sequential reduction of high frequency
filters (I-1V). filters (I-1V).
SCREEN
Definition

Once a signal has been recorded, amplified, filtered, and passed through, the analogue to
digital converter is displayed on a cathode ray tube (CRT). A grid is projected on the monitor
with divisions consisting of a horizontal axis (x axis) allocated as sweep speed and a vertical
axis (y-axis) allocated as sensitivity. Each of these parameters can be adjusted to manipulate
the recorded waveform for an accurate measurement.
e Sweep Speed
This pertains to the time allocated for each x-axis division and is measured in milliseconds.
e Sensitivity
This pertains to the height allocated for each y-axis division and is measured in millivolts
(mV) or microvolts (1V). The term gain is sometimes used interchangeably with sensitivity.
The gain is actually a ratio measurement of output to input and does not have a unit value
such as mV or pV.
e Settings
The following equations represent a simple way to remember possible screen settings.

Sweep Speed: 5 ms X 2ms = 10ms
Sensory EMG Motor
Sensitivity: 10 pv x 100 pVv 1000 pV (1 mV)
Sensory EMG Motor
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]
PATHOPHYSIOLOGY

DEMYELINATION
Definition

This is a nerve injury that can cause motor
and sensory abnormalities in which the
myelin is impaired but the axon remains
intact. The membrane capacitance increases
due to the loss of myelin insulation, thus
hindering saltatory conduction. The trophic
factors of the nerve are maintained and
myelin regeneration is possible due to
Schwann cell proliferation (Figure 5-25).

FIGURE 5-25. Demyelination. A: Normal Nerve.
B:Injured Segment with Myelin Breakdown.

Conduction Block
This is the failure of an action potential to propagate past an area of demyelination along
the structurally intact axons comprising the nerve. It can present as a greater than 50% drop
in CMAP amplitude between proximal and distal stimulation sites across the area of injury.

e Etiology

(a) Compression causing a transient ischemic episode, edema, or

myelin invagina-

tions with paranodal intussusception (Figure 5-26), or (b) peripheral neuropathies

Myeln Nodal end loops

of myelin

Schwann cell

"Pseudo-node”

Schwann cell
processes

True node

FIGURE 5-26. Paranodal Intussusception. Diagram of an invaginating paranode into an adjacent one.

¢ Electrodiagnostic Findings (EDX)

NCS

EMG

Latency: Prolonged

Amplitude: Decreased across the site of injury
Temporal dispersion: Increased

Conduction velocity: Decreased

Insertional activity: Normal

Resting activity: Normal, + myokymia
Recruitment: + Decreased

MUAP: Normal

¢ Recovery
— Self Limited

Description: The pathology can reverse with cessation of the insulting event. Transient
ischemia can be immediately reversed but edema can take several weeks.
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— Remyelination

Description: This is a process of
repair in which the demyelinated
region develops new myelin by
the Schwann cells. This new
myelin is thinner with shorter
internodal distances, it can cause
an improved but slower than
normal conduction velocity
(Figure 5-27).

AXONAL INJURY
Definition

An injury to the axon may present in
one of two typical forms: axonal
degeneration or Wallerian degenera-
tion. Both of these can affect the cell
body and cause a central chromatol-
ysis (Figure 5-28).

* Axonal Degeneration
Description: A nerve injury that
begins presenting in a “dying back”
fashion, affecting the nerve in a
length-dependent manner. It begins
distally and ascends proximally.
(Figure 5-29)

* Wallerian Degeneration (WD)
Description: A nerve injury that
begins presenting 4-5 days postfocal
or multifocal nerve damage. It com-
pletes in 7 days for motor nerves or
11 days for sensory nerves. The axon
degenerates distally from the site of
injury, leaving the proximal portion
intact (Figure 5-29).

e Etiology

Pathology can occur from: (a) focal
crush, (b) stretch, (c) transection, or
(d) peripheral neuropathies.

¢ EDX Findings

FIGURE 5-27. Remyelination. A: Myelin digestion
and Schwann cell proliferation. B: Myelin is removed.
C: Remyelination is complete.

111

Na/\ .

FIGURE 5-28. Axonal Injury. I: Normal nerve cell. II:
Post-injury: Nissl substance degenerates. Ill: Swollen
cell body with eccentric nucleus. IV A: Cell death. IV

B: Cell recovery.

NCS

EMG

Latency: Normal

Temporal dispersion: Normal
Conduction velocity: Decreased

Insertional activity: Abnormal

Amplitude: Decreased throughout the entire nerve Resting activity: Abnormal

Recruitment: Decreased
MUAP: Abnormal
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FIGURE 5-29. Schematic representation of axonal injuries. (From Asbury AK, Johnson PC:
Pathology of Peripheral Nerve, v.9. In Bennington, JL (ed): Major Problems in Pathology. W.B.

Saunders, Philadelphia, 1978.)

* Recovery

— Collateral Sprouting (Figure 5-30)

Description: This is a process of repair in which a neurite sprouts off the axon of an intact
motor unit and innervates denervated muscle fibers of an injured motor unit. The
sprouts connect with smaller terminal branches, thinner myelin, and weaker neuromus-
cular junctions. Increased fiber type grouping occurs as muscle fibers become part of the
new motor unit and take on its characteristics, increasing the size of its territory. This
remodeling results in motor units with poor firing synchronicity, secondary to the imma-
ture terminal sprouts. This results in polyphasic waveforms with increased amplitudes.

— Axonal Regrowth

Description: This is a process of repair in which the axon will regrow down its original
pathway toward its muscle fibers. It will travel approximately 1 mmj/day or 1 inch/month if

FIGURE 5-30. Motor Unit Remodeling. A:Type I:
light circles; Type Il: dark circles. Depolarization of
one of the motor unit results in a 600 uV MUAP.

B: Following degeneration of the Type Il MU at 2-3
weeks, the Type | MUAP still yields a 600 uV poten-
tial. C: Within 1-2 months the Type Il muscle fibers
have atrophied and collateral sprouting from Type |
is beginning to reinnervate them. The Type | motor
unit territory has subsequently “collapsed” due to
Type Il fiber atrophy, causing a larger MUAP (1200
uV). D: As the connections mature, the MUAP
demonstrates a further increase in amplitude (7000
uV) and number of phases. By 6 months, all muscle
fibers belonging to the Type | motor units are of the
same fiber type; i.e., Type Il fibers have been con-
verted to Type | fibers. E: As maturity continues the
MUAP may decrease its amplitude and phases due
to the collaterals conducting potentials more rapidly.
F: An example of complete dennervation. (Copyright
©1995 American Association of Electrodiagnostic
Medicine)
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the supporting connec-
tive tissue remains intact.
These axons will have a
decreased diameter,
thinner myelin, and
shorter internodal dis-
tance (Figure 5-31). With
reinnervation, low ampli-
tude, long duration, and

Internodal distance

BN~ Y Y (Y [ o W e o Yo Yo Yo Yo Y

_

GDDGGGGGGGUDDDDDDD

Internodal distance

FIGURE 5-31.

Axonal Regrowth. The axons: Diameter is

decreased. Myelin is thinner. Internodal distance is shorter.

polyphasic

potentials

known as nascent potentials are formed. If the connective tissue is not intact to guide proper
nerve re-growth, a neuroma can form with failure to reach the final end organ.

— Collateral Sprouting vs. Axonal Regrowth
If an axon regrows to innervate its original muscle fibers and collateral sprouting to
these fibers has occurred, the recovery process possessing the largest axon, thickest
myelin, and strongest neuromuscular junction will prevail and keep the muscle fibers.

NERVE INJURY CLASSIFICATION

Definition

Two classification systems categorizing nerve injuries are listed below.

e Seddon Classification

(Table 5-14)

TABLE 5-4
Characteristics | Neuropraxia Axonotmesis Neurotmesis
Etiology Nerve compression injury | Nerve crush injury Nerve transection injury
Description Axon is intact Axonal interruption Axonal interruption
Local myelin injury Connective tissue/ Connective tissue
Schwann cell intact disruption
Conduction block Conduction failure Conduction failure
Nerve The signal is normal Conduction resembles Conduction intially
Conduction distal to the lesion and neuropraxia for 4 to 5 resembles axonotmesis,
Studies abnormal across it days, until Wallerian but does not
degeneration occurs demonstrate recovery
Wave Form | Wave Form | Wave Form | Wave Form | Wave Form | Wave Form
s Distal Proximal Distal Proximal Distal Proximal
Stimulation . .
proxianal to to Lesion to Lesion to Lesion |to Lesion to Lesion to Lesion
Recording Immediate Immediate Immediate
gflex?;‘:v ;L‘};race Lesion~_
e % 2 weeks 2 weeks 2 weeks
Stimulation > 2 weeks weeks-months 2 years
EMG Normal/decreased Abnormal activity Abnormal activity
recruitment

e Sunderland Classification

TABLE 5-5

Type1 | Conduction block (neuropraxia)

Type 2 | Axonal injury (axonotmesis)

Type 3 | Type 2 + Endoneurium injury

Type 4 | Type 3 + Perineurium injury

Type 5 | Type 4 + Epineurium injury
(neurotmesis)

(Figure 5-32) (Table 5-5)
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FIGURE 5-32. Sunderland Classification. (From Sunderland S. Nerve Injuries and Their Repair: A
Critical Appraisal. Edinburgh, Churchill Livingstone, 1991, with permission.)

NERVE CONDUCTION STUDIES (NCS)

Definition

These studies assess the ability of peripheral
nerve to conduct electrical impulses. A rep-
resentative waveform is generated by nerve
stimulation and its parameters are evalu-
ated to monitor neuronal function.

e Waveforms

Description: The recorded potential represents
a compilation of multiple sinusoidal waves.
The different phases and amplitudes of each
waveform summate or cancel to create a final
potential. The final potential displayed repre-
sents an average of all the subcomponent’s
frequencies (Figure 5-33). Frequency is
defined as the number of times the same event
or cycle occurs in one second (cycles/second).
They are measured in Hertz (Hz).

PARAMETERS (Figure 5-34)

Duration

Baseline
to Peak
Amplitude

Distal Latency

Peak

to Peak

Ampli-
Peak Latencies tude

FIGURE 5-34. Waveform Parameters

FIGURE 5-33. Waveform Subcomponents
(Summation). A: A square wave and five subcom-
ponent sine waves, which, when added together,
result in the square wave. B: A more “biologic”
appearing potential and its subcomponent sine
waves. The frequency, phase shift, and relative
amplitude are described below each subcompo-
nent waveform. (Reprinted with permission from
Dumitru D. Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus, 1995.)
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e Latency
This is the time required for an electrical stimulus to initiate an evoked potential. (Table 5-6)

TABLE 5-6 Nerve Responses of Motor and Sensory Nerve Fibers
Nerve Fiber Nerve Response

Motor Latency of activation: This is the time between the initiation of the electrical
stimulus and the beginning of saltatory conduction. It is typically 0.1 ms or less.
Conduction: This is the saltatory conduction of an action potential along the

myelinated axons to its terminal branches, unmyelinated twigs, and
neuromuscular junction.

Synaptic transmission: This is the chemical transmission of the signal across the neu-
romuscular junction to initiate a single fiber action potential. It takes 0.2-1.0 ms.

Sensory Latency of activation: Same process as above.
Conduction: Same process as above.

Synaptic transmission: This does not apply due to absence of a neuromuscular
junction.

Measurements | Description

Onset latency | ¢ This represents conduction along the fastest axons
e It is recorded at the initial deflection from baseline

Peak latency e This represents conduction along the majority of the axons
e It is recorded at the peak of the waveform response

e Calculation

— Conduction Velocity (CV)

This is the speed an impulse travels along a nerve and is primarily dependent on the integrity
of the myelin sheath. It is calculated by dividing the change in distance (proximal stimulation
site in mm — distal stimulation site in mm) by the change in time (proximal latency in ms —
distal latency in ms). Normal values are 50 meters per second in the upper limbs and 40 meters
per second in the lower limbs. It can be decreased with nerve injury; however, it can remain
normal even if only a few axons are intact due to impulses traveling in surviving faster fibers.

— CV Variations

Age
CV is 50% of an adult for newborns, 80% of adult by 1 year and equal to an adult by 3-5 years.
Above 60 years the CV decreases 1.5% per decade.

Temperature

Normal is approximately 32°C for the upper limbs and 30°C for the lower limbs. It
decreases 2.4 m/s per 1°C dropped. Also a 5% decrease in CV has been described for each
1°C drop below 29°C.

— Amplitude

This is the maximum voltage difference between two points. It reflects the number of
nerve fibers activated and their synchronicity of firing. Recordings are measured as peak-
to-peak or baseline-to-peak.
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— Duration

This is measured from the initial deflection
from baseline to the final return. It depends
on the summation and rate of firing of
numMerous axons.

— Area

This is a function of both the amplitude
and duration of the waveform.

— Temporal Dispersion (TD)

(Figure 5-35)

This reflects the conduction velocities of the
fastest and slowest nerve fibers. It is seen as
a spreading out of the waveform with prox-
imal compared to distal stimulation. This is
due to slower fiber conduction reaching the
recording electrode later than faster fibers.
This is not usually seen with more distal
stimulation when slow and fast fibers reach
the recording electrode at relatively the
same time. The area under the waveform
remains essentially constant.

— Phase Cancellation

X— ——  —3x—
! AV NS
A B ¢ D

FIGURE 5-35. Temporal Dispersion. Three
axons of various conduction speed. I: Fast con-
duction axon. Il: Medium conduction axon. llI:
Slow conducting axon. The signal is measured
at different points along the nerve at site A, B, C
then. Conduction begins at the left and proceeds
to the right. At point A, the signal of each axon
arrives almost simultaneously, producing a very
compact recorded response. At point B, the
signals are less well synchronized, producing a
smaller amplitude and longer duration response,
and this spreading is increased by the time the
signals arrive at point C and point D.

When comparing a proximal to distal stimulation, a drop in amplitude and increase in dura-
tion occurs. This is most notable with a Sensory Nerve Action Potential (SNAP) because of
its short duration. When the nerve is stimulated, the action potentials of one axon may be
out of phase with neighboring ones. The negative deflections of one axon can then cancel the
positive deflection of another, reducing the amplitude. The summation of these axons creates
an action potential that appears as one long prolonged wave.  For this reason a drop of
50% is considered normal when recording a proximal SNAP. The Compound Motor Action
Potential (CMAP) does not have as much a drop in amplitude because it has a longer dura-
tion waveform. Thus, a smaller decrease in amplitude of approximately 15% is expected
(Figures 5-36 and 5-37).

Stimulation of Nerves Distally

Summated Responses

Fast conducting nerve

f

Slow conduciing nerve

i

FIGURE 5-36. Sensory—SNAP

Phase Cancellation. Open arrows

Stimulation of Nerves Proximally indicate stimulation of the nerve

Summated Responses

distally; the phases from the indi-
vidual SNAPs summate. Closed
arrows indicate stimulation of the

1 nerve proximally; with the
Sow conlucing e A increased distance the phases
1 SV ! separate enough by the time they

reach the recording electrodes to
summate less or even cancel.

Fast conducting nerve
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Stimulation of Nerves Distally

Individual Responses

Summated Responses

Fast conducting nerve

Slow conducting nerve

Stimulation of Nerves Proximally

Individual Responses

Summated Responses

Fast conducting nerve

]

Slow conducting nerve

1

FIGURE 5-37. Motor—CMAP Phase Cancellation. Open arrows indicate stimulation of the nerve
distally resulting in the discharge of two MUAPs that produce a potential with twice the size. Closed
arrows indicate stimulation of the nerve proximally resulting in two MUAPs that still summate in phase
because of the long duration of the MUAPS’ negative phases.

SENSORY NERVE ACTION POTENTIAL (SNAP)
Definition

This NCS represents the conduction of an impulse
along the sensory nerve fibers. It can also be useful in
localizing a lesion in relation to the dorsal root gan-
glion (DRG).  The DRG is located in the neural
foramen and contains the sensory cell body. Lesions
proximal to it (root, spinal cord) preserve the SNAP
despite clinical sensory abnormalities (Figure 5-38).
This is because axonal transport from the cell body to
the axon continues to remain intact. SNAPs are typi-
cally considered more sensitive than CMAPs in the
detection of an incomplete peripheral nerve injury.

¢ Technical Considerations

— Antidromic Studies

m Are easier to record a response than ortho-
dromic studies

m Are less uncomfortable when orthodromic
studies secondary to less stimulation required

m Have larger amplitudes due to the nerve
being more superficial at the distal
recording sites

— Recording Electrodes

The active and reference pickup should be at
least 4 cm apart. Less than this distance will alter
the waveform in the following manner (Figure
5-39).

Post-Ganglionic Lesion

Pre-Ganglionic Lesion

FIGURE 5-38. Post-ganglionic injury:
results in Wallerian Degeneration of both
motor and sensory axons. There is phys-
ical separation of the axon from the cell
bodies in the DRG and the ventral portion
of the spinal cord. CMAP and SNAP
responses are diminished or absent. Pre-
ganglionic injury: produces the same injury
to the motor fibers but allows the periph-
eral sensory fibers to remain in contact
with their cell body. SNAPs are normal in
this injury.

Parameters Change

Peak Latency Decreased
Amplitude Decreased
Duration Decreased
Rise Time Decreased
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I

I

11 JSO M

v 2 ms
Trace | Interelecirode | Amplitude (V) | Latency (ms)

Distance (cm) Onset  Peak

I 1.0 57 28 3.1
11 2.0 73 28 32
I 3.0 78 28 34
v 40 87 28 34

FIGURE 5-39. Active and Reference Interelectrode Distance. Median nerve SNAP and the effect of
varying the interelectrode separation. (I-1V show a sequential increase in the electrode separation.)

COMPOUND MOTOR ACTION POTENTIAL (CMAP)
Definition

This NCS represents the conduction of an impulse along motor nerve fibers. It is recorded as
a compound evoked potential from a motor point within the muscle. It corresponds to the
integrity of the motor unit but cannot distinguish between pre- and postganglionic lesions
because the cell body is located in the spinal cord. It can be abnormal with normal SNAPs if
the lesion is proximal to the DRG or affecting a purely motor nerve (Figure 5-40).

Baseline to peak I
amplitude

Peak to peak
I amplitude

Stimulus artifact

1—Latency—>|

|4— Duration

\4

FIGURE 5-40. Compound Motor Action Potential

— Technical Considerations

m Phases
¢ The potential should be biphasic with an initial negative deflection. If an initial
positive deflection exists, it may be due to:
A Inappropiate placement of the active electrode from the motor point (Figure 5-41).
Ao Volume conduction from other muscles or nerves.
A Anomalous innervations.
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FIGURE 5-41. CMAP Electrode Placement. I: Over the endplate region. Il: Off the endplate region

Recording Electrode

The active and reference pickup should not be too close together. If this occurs, similar wave-
forms are recorded at both sites and rejected, dropping the amplitude of the waveform

(Figure 5-42).

FIGURE 5-42. Active and Reference Interelectrode Distance. Median nerve CMAP and the effect
on the amplitude of varying the interelectrode separation. A: Normal. B: Pickups are too close.

Measurement Differences (Table 5-7)

TABLE 5-7

NCS

SNAP

CMAP

Anatomy examined:

Sensory nerve fibers

Motor nerve fibers, NMJ, muscle fibers

Pertinent latencies:

Peak or onset latency

Onset latency

Amplitude measurements:

Peak to peak, Microvolts (uV)

Baseline to peak, millivolts (mV)

Conduction Values

Description: The following normal values are proposed for the basic motor and sensory
nerve conduction studies. Each electrodiagnostic lab may have different normal values and
a space has been provided for those used in your lab. (Table 5-8)
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TABLE 5-8 Normal Values Proposed for Basic Motor and Sensory NCS

Nerve Values Nerves Values

Median Motor Sup. Radial Sensory

Distal latency 3.7+03 Distal latency 23+04

Amplitude 13.2+5.0 Amplitude 31.0 + 20.0

Conduction velocity 56.7 + 0.2 Conduction velocity 58 + 6.0

Median Sensory Peroneal Motor

Distal latency 32+05 Distal latency 45+0.8

Amplitude 412 £25.0 Amplitude 44+14

Conduction velocity 56.9 + 4.0 CV below fibula head 51.6 +4.1
CV Above fibula head 539+43

Ulnar Motor

Distal latency 32+05 Tibial Motor

Amplitude 6.0+1.9 Distal latency 34+05

CV below elbow 61.8 5.0 Amplitude 11.8 +45

CV above elbow 62.7 +5.5 Conduction velocity 539 +4.3

Ulnar Sensory Sural Sensory

Distal latency 32+25 Distal latency 3.5x0.2

Amplitude 34.0 +12.1 Amplitude 16.6 +7.5

Conduction velocity 57.0+5.0 Conduction velocity 39.6+23

Radial Motor Sup. Per. Sensory

Distal latency 24+05 Distal latency 29+03

Amplitude 14.0 + 8.8 Amplitude 205+ 6.1

Conduction velocity 619 +59 Conduction velocity 65.7 + 3.7

H-REFLEX
Definition

This NCS creates a late response that is an electrically evoked analogue to a monosynaptic
reflex. It is initiated with a  submaximal stimulus at a long duration (0.5-1.0 milliseconds).
This preferentially activates the IA afferent nerve fibers, causing an orthodromic sensory
response to the spinal cord, and then an orthodromic motor response back to the recording elec-
trode. The waveform can be potentiated with agonist muscle contraction and abolished with
antagonist contraction or increased stimulation causing collision blocking. The mor-
phology and latency remains constant with each stimulation at the appropriate intensity
(Figure 5-43).

¢ Function
It reflects a proximally traveling evoked potential. It is typically used to monitor for an S1
radiculopathy

¢ Formula
H-reflex = 9.14 + 0.46 (Leg length in cm from the medial malleolus to the popliteal fossa)
+ 0.1 (age)

¢ Latency
Normal: 28-30 mseconds
Side to side difference: Greater than 1.0-2.0 milliseconds is significant
Above 60 years: Adds 1.8 milliseconds.
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FIGURE 5-43. H-Reflex. The H response is obtained by stimulation of the afferent sensory fiber
(top) resulting in orthodromic conduction to the spinal cord. In the spinal cord, there is synaptic stimu-
lation of the alpha motor neuron, this results in the evoked H response in the muscle. A rudimentary
M response is produced when a few motor axons are directly stimulated.

* Location
Gastrocnemius/Soleus Complex: Tibial nerve; S1 pathway
Flexor Carpi Radialis: Median nerve; C6-C7 pathway
Possibly obtained in all nerves in adults with UMN (corticospinal tract) lesion and
infants.

e Limitations
This evaluates a long neural pathway, which can dilute focal lesions and hinder specificity
of injury location. It can be normal with incomplete lesions. It does not distinguish
between acute and chronic lesions. Once it is abnormal, it is always abnormal.

F-WAVE
Definition

This NCS evokes a small late response from a short duration supramaximal stimulation. It ini-
tiates an antidromic motor response to the spinal cord followed by an orthodromic motor
response to the recording electrode  (Figure 5-44). It is approximately 5% of the CMAP
height. The configuration and latency change with each stimulation. This is due to a polysy-
naptic response in the spinal cord, where Renshaw cells inhibit impulses from traveling the
same path each time (Figure 5-45).

F- Wave

T e—

/\f_

m F

FIGURE 5-44. F-Wave. F response: Stimulation (dot) is followed by the source of depolarization
(arrows). Initially depolarization travels in both directions: first directly to the muscle fiber producing
the M response, and retrograde up to the axon and to the neuron, where it is repropogated in a small
percentage of neurons back down the axons to produce the delayed F response.
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¢ Function
Helpful in polyneuropathies and plexopathies, but not
overly useful in radiculopathies

e Latency
Normal: Upper limb: 28 msec, Lower limb: 56 msec.
Side to side difference: 2.0 msec difference in the
upper limbs is significant.
4.0 msec difference in lower limbs is significant.

* Location
It can be obtained from any muscle.

¢ Limitations
This evaluates a long neural pathway, which can dilute
focal lesions and hinder specificity of injury location.
It only accesses the motor fibers.

A-(AXON) WAVE
Definition

When performing a CMAP study, a response can be
evoked by a submaximal stimulation and abolished with
a supramaximal level. The stimulus can travel antidromi-
cally along the motor nerve and becomes diverted along
a neural branch formed by collateral sprouting, due to a
previous denervation and reinnervation process. It
typically occurs between the CMAP and F-wave at a con-
stant latency (Figure 5-46).

e Function

FIGURE 5-45. Renshaw Cell
Activation. Inhibitory neurons,
Renshaw cells (R), are activated
by a stimulus and in turn, sup-
presses (-) firing of the alpha
motor neuron. (Reprinted with
permission from Dumitru D.
Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus,
1995.)

This is not a NCS but does represent nerve damage with subsequent collateral sprouting.

Tibial Nerve
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A-Wave generated Blocking occurs

Supramax
B. Submax stim
stim S

FIGURE 5-46. A-Wave. A: Arrows 1, 2, and 3 represent the A-waves. M is the CMAP and F is the
F-wave. S(l)—weak stimulus, S(ll) strong stimulus. (Note A-waves seen in S(I) are abolished.) B: S(l)

A-wave generated, S(ll) blocking occurs.
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BLINK REFLEX
Definition

This NCS is an electrically evoked analogue to the corneal reflex. It is initiated by stimulating
the supraorbital branch of the trigeminal nerve. The response propagates into the pons and
branches to the lateral medulla. It then branches to innervate the ipsilateral and contralateral
orbicularis oculi via the facial nerve. Two responses are evaluated, an ipsilateral R1 and bilat-
eral R2. The blink is associated with the R2 response (Figures 5-47, 5-48, and Table 5-9).

TABLE 5-9 Blink Reflex Pathways

Pathway Nerve Fibers
Afferent Sensory branches of CN V (trigeminal nerve)
Efferent Motor branches of CN VII (facial nerve)
Response Course
R1 (Early) Through the pons
R2 (Late) Through the pons and lateral medulla
Orbicularis oculi
—
Ground
® oAnode l
*Cathode Ophthalmic branch
of trigeminal
Active : o nerve
XW" Orbicularis oris f
RI R2
A
acial nerve/ \ / <
e /: To contralateral
Fiftllx sensory orbicularis oculi
Seventh motor
nuclei
FIGURE 5-47. Blink Reflex
Study FIGURE 5-48. Blink Reflex Innervation

R1 is affected by lesions of the: R2 is affected by:

Trigeminal nerve Consciousness level Valium
Pons Parkinson’s disease Habituation
Facial nerve Lateral medullary syndrome

Contralateral hemisphere

¢ Function

* Latency (Figure 5-49)
Normal: R1 < 13 milliseconds
R2 Ipsilateral (direct) < 40 milliseconds
R2 Contralateral (consensual) < 41milliseconds
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FIGURE 5-49. Blink Reflex Responses. A: The pons (1) is the pathway for R1. The pons and lateral
medulla (2 and 3) is the pathway for R2. B: Different lesion sites along the reflex pathway.

DIRECT FACIAL NERVE STUDY
Definition

The NCS of CN VII (facial nerve) is performed by stimulating it distal to the stylomastoid
foramen at the angle of the mandible. The response is recorded over the nasalis muscle. The
patient can present with equal weakness in the upper and lower facial muscles with a periph-
eral nerve injury. If the lesion is rostral to the facial nerve nucleus (central), the lower facial
muscles are more severely affected than the upper (Figure 5-50).

Synkinesis

An aberrant regeneration of axons can occur
with facial nerve injuries leading to reinner-
vation of inappropriate muscles. This may Anode
present as lip twitching when closing an eye

or crocodile tears when chewing. Active
electrode

Reference
electrode

e Function
This monitors for injury to the facial nerve Cathode
such as seen in Bell’s palsy, neoplasms, Ground
fractures, middle ear infection, diabetes
mellitus, mumps, Lyme disease, etc.

.. FIGURE 5-50. Facial Nerve Study
¢ Findings

This can be monitored periodically over
two weeks to access prognosis; better outcomes are anticipated for demyelinating vs. axonal
injuries. Also, absence of an evoked potential in seven days indicates poor prognosis.

NCS Amplitude Height

CMAP | Less then 10% of the unaffected side indicates a poor outcome. Recovery > 1 year to

incomplete.
CMAP | Between 10-30% of the unaffected side indicates a fair prognosis. Recovery within 2-8
months.
CMAP | Greater than 30% of the unaffected side indicates a good prognosis. Recovery within 2
months.
Treatment

Interventions may include: Prednisone, massage, or electrical stimulation
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]
SOMATOSENSORY EVOKED POTENTIALS (SSEP)

DEFINITION

This study evaluates time-locked responses of the nervous system to an external stimulus.
They represent the function of the ascending sensory pathways using an afferent potential,
which travels from the peripheral nerve to the plexus, root, spinal cord (posterior column),
contralateral medial lemniscus, thalamus, to the somatosensory cortex. It is initiated by a
repetitive submaximal stimulation of a sensory nerve, mixed nerve or dermatome and is
recorded from the spine or scalp (Figure 5-51).

FIGURE 5-51. Somatosensory Evoked Potential Pathways from the Peripheral Nerve to the
Parietal Cortex. The fasciculus gracilis is monitored when a lower extremity nerve is stimulated and
the fasciculus cuneatus is monitored when an upper extremity nerve is stimulated. (Reprinted with
permission from Dumitru D. Electrodiagnostic Medicine. Philadelphia, Hanley & Belfus, 1995.)

¢ Function

SSEP monitors for problems such as: (a) peripheral nerve injuries, (b) CNS lesions such
as  multiple sclerosis (increased interpeak latency), or (c) intra-operative monitoring
of spinal surgery.  During spinal surgery the loss of the tibial nerve potentials with
preservation of the median nerve indicates an injury. Anesthesia will affect both the
upper and lower limbs.
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Recording Sites:

Median Nerve (Figure 5-52)

Tibial Nerve (Figure 5-53)
e N9—Erb’s point

e PF—Popliteal Fossa

e N11—Roots e L3—Third Lumbar
* N13—Cervical medullary junction e N22—T12 and lumbosacral spine
(nucleus cuneatus) e N45—Cortical

e N20—Cortical

FIGURE 5-52. Median Nerve SSEP. (From Spehimann R. Evoked Potential Primer. Boston,
Butterworth Publishers, 1985, with permission.)

FIGURE 5-53. Tibial Nerve SSEP. (From Spehimann
R. Evoked Potential Primer. Boston, Butterworth
Publishers, 1985, with permission.)

 Advantages

SSEP theoretically evaluates the sensory components of the peripheral and central nervous
systems. Abnormal results occur immediately.



328 m ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY

¢ Limitations

— It only evaluates the nerve fibers, sensing vibration and proprioception.
— It evaluates a long neural pathway, which may dilute focal lesions and hinder specificity
of injury location.

— It can be adversely affected by sleep and high dose general anesthetics (halothane,
enflurane, isoflurane). This may be avoided with nitrous oxide or low dose isoflurane.

]
BASIC NEEDLE EMG

DEFINITION

This study accesses nerve and muscle function. A needle electrode is placed into a muscle
and parameters including insertional activity, resting activity, and voluntary electric activity
are monitored.

INSERTIONAL ACTIVITY
Definition

This is an electrical injury potential. It represents discharges mechanically provoked by dis-
rupting the cell muscle membrane with a needle electrode (Figure 5-54 and Table 5-10).

TABLE 5-10 Insertional Activity

Characteristic | Normal Increased Decreased
Duration 300ms > 300-500ms < 300ms
Etiology * Muscle depolarization | ® Denervation e Fat
e Irritable cell membrane | ¢ Fibrosis
e Edema
¢ Electrolyte abnormalities

A B

FIGURE 5-54. Insertional Activity. A: Normal. B: Increased.

RESTING ACTIVITY
¢ Normal Spontaneous Activity

Definition

After a needle is inserted into a normal muscle, there should be electrical silence at rest.
However, if it is placed into the neuromuscular junction, two waveforms can occur: minia-
ture endplate potentials (MEPP) and end plate potentials (EPP). Needle placement in this
area is painful but these waveforms also indicate that the muscle has maintained its inner-
vation (Figure 5-55 and Table 5-11).
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FIGURE 5-55. Endplate Activity: A: MEPP—Monophasic negative potentials primarily present as
baseline irregularities because of their small amplitude. B: EPP—Biphasic, usually negative single
fiber action potential.

Miniature Endplate Potentials (MEPP)

Description: This “endplate noise” is due to spontaneous quanta release, which occurs
every five seconds. It results in a 10-50pV non-propagated potential seen on the screen as
an irregular baseline when they are recorded with a standard extracellular needle electrode.

Endplate Potentials (EPP)

Description: This endplate spike is due to increased acetylcholine release, provoked by
needle irritation of the muscle fiber, or synchronization of several MEPPs. It results in a
propagated single muscle fiber action potential. Its hallmark sign is its irregularity and it
can present with a positive deflection if the needle electrode is placed in the endplate.

TABLE 5-11 Normal Spontaneous Activity

Characteristics MEPP EPP

Initial Deflection Negative (monophasic) Negative (biphasic)
Duration 0.5-1.0 ms 2.0-4.0 ms

Amplitude 10-50 pVv <1000 pV (1 mV)

Rate 150 Hz 50-100 Hz

Rhythm Irregular Irregular

Origin Endplate Endplate/provoked

Sound Sea shell murmur Sputtering fat in a frying pan

e Abnormal Spontaneous Activity

Definition

These pathologic waveforms can be generated from a muscle or neural source. If originating
from a muscle source, the activity can represent lack of muscle fiber innervation. The RMP
becomes less negative and unstable, causing it to approach the threshold to activate an action
potential. It either fires independent of external stimulation or is induced by needle move-
ment. If neural in origin, it can have the appearance of (MUAPs).

1.

Muscle Generated

Fibrillation Potentials (FIB) (Figure 5-56) (Table 5-12, 5-13)

Description: These are spontaneously firing action potentials originating from denervated
single muscle fibers, secondary to uncontrolled ACh release. Its hallmark sign is its regu-
larity of firing.

. Neural Generated

Positive Sharp Waves (PSW) (Figure 5-57) (Table 5-12, 5-13)

Description: These are spontaneous firing action potentials stimulated by needle move-
ment of an injured muscle fiber. There is propagation to, but not past, the needle tip. This
inhibits the display of the negative deflection of the waveform.
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TABLE 5-12 Characteristics of Fibrillations and Positive Sharp Waves

Characteristics FIB PSW

Initial Deflection Positive (biphasic) Positive (Biphasic)
Duration 1-5ms 10-30 ms
Amplitude Early: > 300 uV, Late: < 25 uV <1mV

Rate 1-10 Hz 1-20 Hz

Rhythm Regular Regular

Origin Postjunctional Postjunctional
Sound Rain on a tin roof Dull thud or chug

TABLE 5-13 Grading of Fibrillation Potentials and Positive Sharp Waves

Grade Characteristics

0 None

1+ Persistent single runs > 1 second in two areas

2+ Moderate runs > 1 second in three or more areas

3+ Many discharges in most muscle regions

4+ Continuous discharges in all areas of the muscle

FIGURE 5-56. Fibrillation Potential. FIGURE 5-57. Positive Sharp Waves.
Etiology

Examples: Nerve disorders: Anterior horn cell disease, radiculopathy, plexopathy, peripheral
neuropathy, mononeuropathy. Neuromuscular junction disorders: Myasthenia gravis, botulism.
Muscle disorders: Muscular dystrophy, polymyositis, dermatomyositis, hyperkalemic periodic
paralysis, acid maltase deficiency.
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e Complex Repetitive Discharges (CRD)
(Figure 5-58) (Table 5-14)

Description: These bizarre high frequency
discharges are action potentials origi-
nating from a principle pacemaker, initi-
ating a group of single muscle fibers to fire
in near synchrony.

The current spreads to the other muscle
fibers by ephaptic transmission. This
results from a process in which dener-
vated muscle fibers are reinnervated by
collateral sprouting from axons of a neigh-
boring motor unit. When these fibers, in
turn, become denervated, a population of
muscle fibers now belonging to one motor
unit lacks neural control. These muscle
fibers lie in close proximity to each other
and serve as a circuit for the pacemaker
fiber. Its hallmark sign is its reqular interval
between each discharge and within each dis-
charge (Figure 5-59).

TABLE 5-14 Complex Repetitive Discharges

FIGURE 5-58.

Discharges.

Complex Repetitive

Characteristics

CRD

Initial deflection

Resembles: FIB, PSW, MUAP

Amplitude

50-1000pV

Rate

10-100Hz

Rhythm

Regular/abrupt start and stop

Origin

Postjunctional/ephaptic transmission

Sound

Motor boat

FIGURE 5-59. Ephaptic Transmission. Fiber A acts as the pacemaker. It transmits an impulse to B,
C, and D, which perpetuates the cycle. (From Trontelji J, Stalberg EV. Bizarre repetitive discharges
recorded with single fiber EMG. J Neurol Neurosurg Psychiatry 1983;46:310-16, with permission from

BMJ Publishing Group.)

Etiology

Examples: Nerve disorders: Anterior horn cell disease, chronic radiculopathy, peripheral neu-
ropathy. Muscle disorders: Polymyositis, dermatomyositis, muscular dystrophy, limb-girdle
dystrophy, myxedema. Normal variant.
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* Myotonic Discharges (Figure 5-60) (Table 5-15)
Description: These are single muscle fiber action potentials triggered by needle movement,
percussion, or voluntary contraction. They are caused by an alteration of the ion channels
in the muscle membrane and can be seen with or without clinical myotonia. Its hallmark
sign is the smooth change in rate and amplitude.

TABLE 5-15 Myotonic Discharges

Characteristics

Myotonic Discharges

Initial Deflection

Resembles: EPP, FIB, PSW

Duration >5-20ms
Amplitude 20-300pV
Rate 20-100Hz
Rhythm Wax and wane
Origin Postjunctional
Sound Dive bomber

FIGURE 5-60. Myotonic Discharges.

Etiology

Examples: Nerve disorders: Chronic radiculopathy, peripheral neuropathy. Muscle disorders:
Myotonic dystrophy, myotonia congenita, paramyotonia, polymyositis, dermatomyositis,
maltase deficiency, hyperkalemic periodic paralysis. Medications: Propranolol.

2. Neural Generated

— Fasciculations (Figure 5-61) (Tables 5-16)
Description: These are spontaneous discharges originating from any portion of a single
motor unit and result in intermittent muscle fiber contraction. If associated with FIB or
PSW they are considered pathological. Its hallmark sign is an irregular firing motor unit.
Normal voluntary motor unit firing
does not occur at the slow rates seen

with pathological fasciculations.

TABLE 5-16 Fasiculations

Characteristics Fasciculations
Initial Deflection Resembles: MUAP
Duration 5-15 ms
Amplitude <300 pVv

Rate 0.1-10 Hz
Rhythm Irregular

Origin Prejunctional
Sound Variable

FIGURE 5-61. Fasciculations.



ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY = 333

TABLE 5-17 Grading of Fasciculations

Grade Characteristic

0 None

+/- Equivocal

1+ In two areas, 2-10/minute
2+ In many areas, 10-15/minute
3+ All areas, < 60/minute

4+ All areas, > 60/minute
Etiology

Examples: Nerve disorders: Anterior horn cell disease, tetany, Creutzfeldt-Jakob syndrome,
radiculopathy, mononeuropathy. Metabolic disorders: Thyrotoxicosis, tetany. Normal variant.

¢ Myokymic Discharges (Figure 5-62) (Table 5-18)
Description: These are groups of MUAP:s firing repetitively. They can be associated with a
clinical myokymia, which presents as slow continuous muscle fiber contractions. This
gives a rippling appearance to the overlying skin. Its hallmark sign is the semiregularity
between each discharge and within each discharge.

TABLE 5-18 Myokymic Discharges

Characteristics Myokymic Discharges

Initial Deflection Groups of MUAPs

Amplitude 100 pV-2 mV

Rate Discharge: 40-60 Hz, Interdischarge: 0.1-10 Hz
Rhythm Semi-regular

Origin Prejunctional

Sound Marching soldiers

FIGURE 5-62. Myokymic Discharges. (From Albers JW, Allen AA, Bastron JD, et al.: Limb
myokymia. Muscle Nerve 1981: 4;494-504, John Wiley & Sons, Inc., with permission.)

Etiology

Examples: Nerve disorders: Facial Myokymia—Multiple sclerosis, brainstem neoplasm,
polyradiculopathy, Bell’s palsy. Extremity Myokymias—Radiation plexopathy, compression
neuropathy, rattlesnake venom.
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e Neuromyotonic Discharges (Figure 5-63) (Table 5-19)
Description: These are discharges originating from motor axons. They are classically seen
in neuromyotonia (Isaac’s syndrome). This is a disorder associated with continuous
muscle fiber activity resulting in the appearance of muscle rippling and stiffness, sec-
ondary to irritable nerves. The progressive decrement of its waveform is due to single
muscle fiber fatigue and drop off.

TABLE 5-19 Neuromyotonic Discharges

Characteristics Neuromyotonic Discharges
Duration Discharges continuously or in bursts
Amplitude Progressive decrement

Rate 100-300 Hz

Sound Ping or Kawasaki motorcycle sound
Appearance Tornadolike

FIGURE 5-63. Neuromyotonic Discharges in Spinal Muscular Atrophy.
Etiology
Examples: Nerve disorder: Anterior horn cell disease, tetany. Toxins: Anticholinesterase.

e Cramp Discharges (Figure 5-64) (Table 5-20)
Description: These are discharges associated with involuntary repetitive firing of MUAPs
in a large area of muscle. They are usually associated with a painful muscle contraction.

TABLE 5-20 Cramp Discharges

Characteristics Cramp Discharges
Duration Gradual start and stop
Amplitude UptolmV

Rate 40-150 Hz

Rhythm Irregular
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FIGURE 5-64. Muscle Cramp Discharges.

Etiology
Examples: Salt depletion, uremia, pregnancy, myxedema, prolonged muscle contraction,
myotonia congenita, myotonic dystrophy, Stiff-man’s syndrome.

¢ Artifact Potentials
Description: These are waveforms that obscure the neurophysiologic signals. Interference
potentials are unwanted signals occurring from outside the system being studied. Noise is
described as unwanted signals occurring from within the system. They arise from the
EMG instrument, printer, unshielded power cords, electrical outlets or fluorescent lights

(Figures 5-65 and 5-66).
] —3 _I 20V

5ms

FIGURE 5-66. Fluorescent

Light Interference. (Reprinted

\ with permission from Dumitru

D. Electrodiagnostic Medicine.
Philadelphia, Hanley & Belfus,
1995.)

FIGURE 5-65. Source of Noise and Interference. Noise is
greatest near electrical outlets, power cords, and equipment
including the EMG instrument itself.
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EXERTIONAL ACTIVITY
Definition
Voluntary muscle activity can be electrically recorded as a motor unit action potential.

® Motor Unit Action Potential (MUAP)
Description: This is a compound action potential from muscle fibers belonging to a single
motor unit, within the recording range of the needle electrode. Its territory is typically 5-15
mm (Figure 5-67) (Table 5-21).

Parameters

e Amplitude

This represents the muscle fibers
recorded near the needle elec-
trode. It is measured from the
most positive to the most nega-
tive peak. It can be increased
from a reinnervation process,
decreased from loss of muscle
fibers, or variable due to
blocking associated with neuro-
muscular junction disorders.
Normal: 1 mV.

e Rise Time FIGURE 5-67. Motor Unit Action Potential

This represents the time it takes
the MUAP to go from its baseline
to the peak of the negative wave. It
represents proximity of the needle
to the motor unit.

Normal: Less than 500 ps

® Duration

This represents the number of muscle fibers within the motor unit. It is measured from the
waveform’s initial departure from baseline to its final return. It increases (< 15 msec) as the
motor unit territory increases from collateral sprouting or decreases (> 5 msec) with the loss
of muscle fibers.

Normal: 5-15 ms

¢ Turns
These are changes in the direction of the waveform that do not cross the baseline. They are
also called serrations.

¢ Phases

This represents the synchronicity of muscle fiber action potentials firing. They are calculated
as the number of baseline crossings plus 1. Five or more baseline crossings represent polypha-
sicity. This can result from pathology causing muscle fiber dropout, alterations in fiber con-
duction velocity, or reinnervation from collateral sprouting. However, this can occur
normally 15% (concentric needle) or 30% (monopolar needle) of the time in adults or higher
in the elderly.

Normal: 2—4
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TABLE 5-21 Motor Unit Action Potentials (MUAPs)

Characteristics MUAP

Initial deflection Positive/negative
Duration 5-15 ms
Amplitude 1pV-2mV

Rise Time < 500 ms

Phases 2-4

Rate Exertion dependent
Rhythm Exertion dependent
Origin Prejunctional

Abnormalities

* Long Duration, Large Amplitude Polyphasic Potentials (LDLA)
Description: These typically occur from collateral sprouting. This reinnervation process
causes an increased number of muscle fibers per motor unit. It is most commonly seen in
neuropathic diseases but can also occur in chronic myopathic disease from fiber splitting,
as seen in an inflammatory or dystrophic myopathy. The recruitment patterns help distin-
guish between a myopathic or neuropathic process.

* Short Duration, Small Amplitude Polyphasic Potentials (SDSA)
Description: These typically occur from a dropout or dysfunction of muscle fibers. It is most
commonly seen in myopathic diseases and neuromuscular junction disorders. It can also
occur from a severe neuropathic injury leading to nascent motor unit potentials resulting from
axon regrowth. Again, the two processes are differentiated by their recruitment patterns.

* Neuropathic Potentials
Description: This refers to long duration, large amplitude MUAPs that occur from a den-
ervation and reinnervation process typically seen in neuropathies. This terminology lacks
the appropriate quantitative description of the motor unit parameters. It is not considered
accurate because certain disease processes mimic MUAP features, regardless of whether
the pathology originated in nerve or muscle.

* Myopathic Potentials
Description: This refers to short duration small amplitude MUAPs that occur from muscle
disorders. This terminology lacks the appropriate quantitative description of the motor
unit parameters. It is not considered accurate because certain disease processes mimic
MUAP features, regardless if the pathology is muscle or nerve in origin.

* Unstable Potentials
Description: This refers to the occurrence of variations in the MUAP’s amplitude and duration.
Most commonly it is seen in neuromuscular junction disorders, which cause blocking of dis-
charges. It also can occur in motor neuron disorders, neuropathic disorders, or muscle trauma.

¢ Satellite Potentials
Description: This is a small potential originating from a few muscle fibers. They are time-
locked to occur approximately 10-15 milliseconds after a MUAP. It can be due to incomplete
myelin formation and immature terminal sprouts from chronic reinnervation or a myopathy.

e Doublet/Multiplet Potentials
Description: This refers to two or more MUAPs firing recurrently and together in a
semirhythmic fashion. It is seen in ischemia, hyperventilation, tetany, motor neuron dis-
order or metabolic diseases.
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¢ Giant Potentials
Description: This refers to the extremely large MUAPs (> 5 mV) that occur in disease
process, such as poliomyelitis. These are also described as large amplitude potentials.

MINIMAL CONTRACTION

RECRUITMENT

Definition

This is the successive activation of additional motor units to increase the force of a contraction.

¢ Types (Figure 5-68) (Table 5-22)

— Normal

The Rule of Fives—The onset frequency of the first MUAP begins at approximately 5 Hz. To
generate more force, the firing rate and recruitment of more motor units must be increased.
When the firing rate reaches approximately 10 Hz, a second MUAP begins at approximately
5 Hz. When the first MUAP reaches a rate of 15 Hz, the second should be at 10 Hz and a third
will begin at 5 Hz. As more force is needed, the firing rate of the first may reach 20 Hz, the
second 15 Hz, the third 10 Hz, and a fourth will begin at approximately 5 Hz.

TABLE 5-22 Normal Recruitment

First (A) Second (B) Third (C) Fourth (D)
A—5 Hz

A—10Hz B—5 Hz

A—15 Hz B—10 Hz C—5Hz

A—20 Hz B—15 Hz C—10 Hz D—5 Hz
e Reduced

The firing of only a few MUAPs with even a maximal contraction is most commonly seen
in neuropathic conditions. However, this can also be due to any disorder that destroys or
blocks axonal conduction or muscle fibers.

e Early
The firing of many MUAPs with a mild contraction is most commonly seen in myopathic
conditions that result in a loss of muscle fibers. This loss causes less force to be generated
per motor unit, thus more motor units must now be called upon.

FIGURE 5-68. Motor Unit Recruitment. A: Normal. B: Early (“Myopathic”). C: Decreased (“Neuropathic”).

FIRING PATTERNS

* Firing Rate (FR)
This is the number of times an MUARP fires per second. It is expressed in Hertz (Hz) and is cal-

culated by dividing 1000 by the Interspike Interval (II), measured in milliseconds. The FR =
1000/ Interspike Interval (Figure 5-69).
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FIGURE 5-69. Firing Rate (FR): 100/13 = ~75.

¢ Recruitment Frequency (RF)

This is the FR of the first MUAP when a second MUAP begins to fire. It is initiated by an
increase in the force of a contraction. Normal is considered 20 Hz or below. Values above
this correlate with a neuropathic process.

¢ Recruitment Interval (RI)

This is the interspike interval (in milliseconds) between two discharges of the same MUAP
when a second MUAP begins to fire. It is initiated by an increase in the force of a contrac-
tion. Normal is considered approximately 100 ms.

* Rl vs. RF

The following parameters help distinguish between a neuropathic and myopathic process.

Firing Pattern Neuropathy Myopathy
Recruitment Interval \ T
Recruitment Frequency T \2

* Decreased RI (Increased RF)
A loss of motor units restricts additional motor unit activation to increase contractile force.
This causes the first motor unit to fire more rapidly until a second motor unit finally joins
in. This shortens the interval between successive MUAPSs from one motor unit.

* Increased RI (Decreased RF)
A loss of muscle fibers causes a second motor unit to join in early to help increase contrac-
tile force. This occurs before the first motor unit has the opportunity to increase its firing
frequency. This lengthens the interval between successive MUAPs from one motor unit.

* Recruitment Ratio (RR)
Description: This has been used to represent recruitment capabilities, especially when a
patient demonstrates difficulty in controlling a contractile force. It is calculated by dividing
the FR of the first MUAP by the number of different MUAPs on the screen. A motor unit
firing at 10 Hz when two different MUAPs are viewed on the screen demonstrates a RR of
5.10 Hz/2 different MUAP = 5. The normal RR is considered less than 10 (Figure 5-70).

FIGURE 5-70. Recruitment Ratio: 10 Hz =5

2 different MUAP
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MAXIMAL EFFORT
¢ Interference Pattern

Description: This is a qualitative or quantitative description of the sequential appearance
of MUAPs. It is the electrical activity recorded from a muscle during a maximum volun-
tary contraction. It is comprised of recruitment plus activation. Activation is the ability of a
motor unit to fire faster to produce a greater contractile force and is controlled by a central
process. It can be decreased in CNS diseases, pain, and hysteria. Furthermore, if a patient
is asked to generate a force and only a few MUAPs are seen while the Hz continue to
remain low, it can indicate decreased activation from poor patient cooperation and is not
the result of abnormal recruitment.

Patterns (Figure 5-71) | Presentation

Complete No individual MUAPs can be seen. A full screen represents 4-5 MUAPs
Reduced Some MUAPs are identified on the screen during a full contraction
Discrete Each MUAP can be identified on the screen during a full contraction
Single Unit One MUAP is identified on the screen during a full contraction

500

1 1
bt
[

+

|—_

FIGURE 5-71. Interference Patterns: Representation of Normal Recruitment Patterns.

]
RADICULOPATHY

DEFINITION

This is a pathologic process affecting the nerves at the root level. In descending order, it most
commonly presents as pure sensory complaints, sensorimotor complaints, or pure motor
complaints. This is due to the larger size of the sensory fibers rendering them more prone to
injury. A pure sensory injury would demonstrate a negative EMG. Sensory NCS would be
normal due to sparing of the DRG (Figure 5-72).
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FIGURE 5-72. Cervical Spine Cross Section.

ETIOLOGY

e Common
Herniated nucleus pulposus: Most common. Typically seen in adults below 50 years of age.
Spondylosis: Typically seen more commonly in adults above 50 years of age.

* Uncommon: “Hi Madam”

H—Herpes Zoster
I—Inflammatory: TB, Lyme disease, HIV, syphilis, cryptococcus, and sarcoidosis

M—Metastasis

A—Arachnoiditis: Myelogram, surgery, steroids, and anesthesia

D—Diabetes mellitus

A—Abscess

M—Mass: Meningioma, neurofibroma, leukemia, lipoma, cysts, and hematoma

CLINICAL PRESENTATION (Table 5-23)

TABLE 5-23 Clinical Presentation of Radiculopathy

Nerve Root Reduced Reflex Weakness Numbness/Paresthesias
C5 Biceps brachii Elbow flexion Lateral arm

Cé6 Brachioradialis Wrist extension Lateral forearm

C7 Triceps brachii Elbow extension Middle finger

C8 None Finger flexion Medial forearm

T1 None Finger adduction Medial elbow

L4 Patella tendon Knee extension Medial ankle

L5 ?—Hamstring Hallux extension Dorsal foot

S1 Achilles tendon Plantar flexion Lateral ankle
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EDX FINDINGS
¢ Nerve Conduction Studies

SNAP: Normal. The lesion is located proximal to the dorsal root ganglion.
CMAP: Reduced amplitude. The lesion is distal to the motor neuron. It can be normal if
the injury is purely demyelinating, incomplete, or reinnervation has occurred.

e Late Responses

H-reflex: Possibly abnormal in an S-1 radiculopathy.
F-waves: This is not overly sensitive or specific for a radiculopathy. Muscles have more
than one root innervation, which can result in a normal response.

* Somatosensory Evoked Potentials

Advantage: It monitors sensory pathways and proximal demyelinating injuries.

Disadvantage: The long pathway monitored can mask focal lesions between the recording
sites.

* EMG

Classically FIBs or PSWs should be found in two different muscles innervated by two
different peripheral nerves originating from the same root. They may not be found if the
lesion is demyelinating, purely sensory, post reinnervation, or missed by random sampling.

e Cervical Myotomes (Table 5-24)

TABLE 5-24
Root C3/C4 C5 Cé C7 C8/T1
Etiology | C2/C3 disclesion | C4 disclesion | C5disclesion | C6 disclesion |C7 disc lesion
Muscles | Clinical diagnosis | Rhomboids Deltoid PT Triceps
Involved | No discrete Deltoid Biceps brachii | FCR Brachii (8)
myotomal Biceps brachii | BR EDC FCU
patterns Supraspinatus | Supraspinatus | Triceps brachii | FDP
Innervates the Infraspinatus | Infraspinatus | Paraspinals ADM
osterior and Brachialis Supinator FDI
ateral scalp BR PT PQ
Patient may Supinator FCR APB
complain of Paraspinals EDC Paraspinals
headaches Paraspinals
C2 and C3 nerve
becomes the
greater and lesser
occipital nerve
¢ Lumbosacral Myotomes (Table 5-25)
TABLE 5-25
Roots L2/3/4 L5 S1 S2/3/4
Etiology | L1/L2/L3 disc lesion L4 disc lesion | L5 disc lesion | Iatrogenic
Muscles | Iliopsoas Gluteus Gluteus Abductor hallucis
Involved | Iliacus maximus maximus | ADQ
Gracilis Gluteus Gluteus Needle exam of the external
Adductor longus medius medius anal sphincter
Vastus medialis TFL TEL Other clinical presentations
TA TA MG to monitor:
Paraspinals MG Medial Bulbocavernosus reflex,
Difficult to distinguish Medial hamstring anal wink, external
between radiculopath hamstring | PL sphincter tone, and bowel
and alternate lesions due TP and bladder function
to only two peripheral PL Paraspinals
nerves Paraspinals
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o Dual Innervated Muscles (Table 5-26)

TABLE 5-26

Muscle Nerves

Pectoralis major Medial pectoral Lateral pectoral nerve
Brachialis Musculocutaneus nerve Radial nerve

Flexor digitorum profundus Median nerve (AIN) Ulnar nerve

Lumbricals Median nerve Ulnar nerve

Flexor pollices brevis Median nerve Ulnar nerve

Pectineus Femoral nerve Obturator nerve

Adductor magnus Sciatic nerve (tibial portion) Obturator nerve

Biceps femoris Sciatic nerve (tibial portion) Sciatic nerve (peroneal portion)

e Chronology of Findings (Table 5-27)

TABLE 5-27
Time Abnormality
0 Decreased recruitment
Decreased recruitment interval
Prolonged F-wave.
Abnormal H-reflex (S1 radiculopathy)
4 days Decreased CMAP amplitude (~50% compared to opposite side)
1 week Abnormal spontaneous activity occurs first in the paraspinals.
They can be normal if:
¢ They become reinnervated
e The posterior primary rami are spared
They can be the only abnormal finding 10-30% of the time
2 weeks Abnormal spontaneous activity beginning in the limbs
3 weeks Abnormal activity present in the paraspinals and limbs
5-6 weeks Reinnervation
6 months-1 year Increased amplitude from reinnervated motor unit
PLEXOPATHY
DEFINITION

This is a pathologic process typically occurring distal to the DRG and proximal to the periph-
eral nerves. Abnormalities can appear diffuse and will not follow any particular dermatomal
or myotomal distribution.

ETIOLOGY

Pathology can occur from: (a) Trauma (stretch, traction, transection, obstetrical injuries, com-
pression, and hemorrhage); (b) Cancer (tumor and radiation therapy); (c) Idiopathic (neu-
ralgic amyotrophy)

EDX FINDINGS

* NCS
SNAP: Abnormalities depend on the site of plexus injury
CMAP: Abnormalities depend on the site of plexus injury
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¢ Late Response

F-wave: Possibly useful
H-reflex: Possibly useful

* EMG

Normal paraspinal activity. Abnormal activity in the peripheral muscles

BRACHIAL PLEXUS
Anatomy

e Origin
These nerve fibers originate from the anterior rami of the C5-T1 nerve roots, which further
divide to form the trunks, division, cords, and branches.

¢ Course

The anterior rami emerge between the anterior and middle scalene muscles. In the posterior
triangle of the neck C5 and C6 form the upper trunk, C7 forms the middle trunk, and C8 and
T1 form the lower trunk. The trunks pass the clavicle and form anterior and posterior divi-
sions to become cords. The cords are named in their relation to the axillary artery. The three
posterior divisions of the upper, middle, and lower trunk form the posterior cord. The lateral
cord is formed from the anterior divisions of the upper and middle trunk and the medial cord
is formed by the anterior divisions of the lower trunk. The lateral cord splits to form the mus-
culocutaneous branch and also fuses with the medial cord to form the median branch. The
posterior cord splits into the radial and axillary branches and the medial cord splits to con-
tribute to the median branch and the ulnar branch (Figure 5-73).
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e Ext. Poll. Brevis
¢ Ext. Poll. Longus
C7C8T1 * Anconeus ® FDS—4 muscles
C8T1 ¢ FDP—2 muscles ¢ FDP—2 muscles

e FPL
¢ Pronator Quad

¢ Lumbricals—2 muscles

* Opponens Poll

¢ Abductor Pollicis Brevis

e Flex Poll. Brevis 1/2

e Dorsal Interossei—4 muscles
¢ Palmar Interossei—3 muscles
¢ Lumbricals—2 muscles
e Add Poll.—1 muscle
¢ Flex Poll. Brevis 1/2
¢ Hypothenar muscles
- Oppon. Dig. Min.
— Abd. Dig. Min.
- Flex. Dig. Min.
e Palmaris Brevis

FIGURE 5-73. Brachial Plexus. (Root level of individual muscles is identified to the left of the table.)
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Injury

Erb’s Palsy

Klumpke’s Palsy

General
This injury involves the C5-C6 nerve roots or upper trunk.

Etiology
It can occur from nerve traction or compression or from an obstectrical injury. It can be
sports-related (Stinger) and involve the cervical nerve roots.

Clinical Presentation

A classic manifestation is the Waiter’s tip position. The arm becomes adducted (deltoid and
supraspinatus weakness), internally rotated (teres minor and infraspinatus weakness),
extended (bicep and brachioradialis weakness), pronated (supinator and brachioradialis weak-
ness), with the wrist flexed (extensor carpi radialis longus and brevis weakness) (Figure 5-74).

EDX Pearl

Stimulate at the tip of the C6 trans-
verse process over the trunks of the
bracial plexus to assess Erb’s point
(Figure 5-75).

Treatment
Interventions may include: Rehabilitation,
intermittent splinting and activity restric-

tion. FIGURE 5-75. Erb's
Point Stimulation.

General
This injury involves the C8-T1 nerve
roots or lower trunk.

Etiology
It can occur from an obstetrical traction =~ FIGURE 5-74. Waiter's
injury. Tip Ffosition.: The area
of skin that is usually FIGURE 5-76.
Clinical Presentation anesthetic is shaded. Ulnar Claw Hand.

The patient may have wasting of the
small hand muscles and a claw hand
deformity (lumbrical weakness) (Figure
5-76). The shoulder girdle muscle func-
tion is preserved.

EDX Pearl

The preservation of a SNAP potential may indicate a nerve root avulsion. Avulsions may
be associated with this location of injury due to the lack of protective support at the C8 and
T1 roots.

Treatment
Interventions may include: Rehabilitation with incomplete lesions or a surgical exploration
with an avulsion.
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Thoracic Outlet Syndrome (TOS)

e Vascular TOS

— General
This injury involves the subclavian artery, subclavian vein, or axillary vein.

- Etiology
It can occur from a pathology resulting in arterial or venous compromise.

— Clinical Presentation
Arterial involvment may manifest as limb ischemia, necrosis, vague pain, fatigue, with
decreased color and temperature. Venous involvement can manifest as a bluish,
swollen, achy limb.

¢ Neurogenic TOS

— General
This injury is rare and may actually be seen in only 1 in 1,000,000 patients.

— Etiology
It can occur from compression of the lower trunk of the brachial plexus between a cer-
vical rib, fibrous band, or muscular entrapment by the scalenes or pectoralis minor
(Figure 5-77).

— Clinical Presentation
The patient may have pain and numbness along the medial aspect of the forearm and
hand, which increases with overhead activity. Intrinsic hand muscle wasting may also
be noted (median < ulnar). A maneuver to assess the neurovascular bundle is Adson’s
test (Figure 5-78). This is performed by abduction, extending and externally rotating the
patient’s arm. While monitoring the radial pulse, have the patient rotate the head
toward the arm (the side of the lesion). A decrease or loss of pulse may be related to a
compression of the subclavian artery, indicating compromise to the complex.

I Neurovascular & Muscular Structures of the Thoracic Outlet
Nerve raots |

C4

Supetior (runk I Posterior scalene
Middle orunk, C5 Middle scalene
Inferior trunk 1 Anterior scalene
|C6
Lateral cord
Posterior cord \ Ic7 Brachial plexus

\ N C/
T Inferior trunk

I
I
I
[ \
I

Subclavian artery \
I \
I
I

Pectoralis minor

Middle cord

1st rib ( >

FIGURE 5-77. The Thoracic Outlet. FIGURE 5-78. Adson’s Test.
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— EDX Pearl
Abnormal findings can be noted on median CMAP and ulnar CMAP/SNAP NCS.
Abnormal spontaneous activity can also occur in the median and ulnar hand muscles
on EMG.
— Treatment
Interventions may include: Rehabilitation with a focus on range of motion exercises and
strengthening of the trapeizus and rhomboids and postural mechanics.

Neuralgic Amyotrophy

e General

This injury can include various nerves of the brachial plexus. Other names include:
Brachial neuropathy, brachial neuritis, idiopathic brachial plexopathy, Parsonage-Turner
syndrome, shoulder-girdle neuritis, and paralytic brachial neuritis.

Etiology
Unknown

Clinical Presentation

The patient may complain of an acute onset of intense pain and weakness at or about the
shoulder girdle region. It can be exacerbated by abduction and rotation. Two-thirds may
present bilaterally with recovery taking up to two to three years.

EDX Pearl

Abnormal spontaneous activity can occur in a variety of combinations: Mononeuropathy
(suprascapular nerve, long thoracic nerve, axillary nerve, anterior interossei nerve, spinal
accessory nerve) or plexopathy.

Treatment
Interventions may include: Rehabilitation to prevent contractures or it can resolve sponta-
neously.

Neoplastic vs. Radiation Plexopathy

General

These nerve injuries are related to tumors and their treatments. A primary plexus tumor
can arise from schwannomas, neuromas, and neurofibromas. Secondary plexus involve-
ment can arise from a Pancoast tumor from the lung or breast. Radiation therapy can cause
neural fibrosis and constriction of the vasa nervorum, leading to destruction of the axon
and Schwann cells. This can occur months or years post radiation treatment. (Table 5-28)

Clinical Presentation/EDX Pearl

TABLE 5-28 Neoplastic vs. Radiation Plexopathy

Characteristics Radiation Tumor

Site of injury Upper trunk Lower trunk
Clinical presentations Myokymia Horner’s syndrome
Sensation Painless Painful




ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY = 349

Root Avulsion

® General
A severe plexus injury can lead to disruption of the nerve roots. This can occur from a trac-
tion injury that disrupts the protective connective tissue support. The C8 and T1 roots have
less protection and are the most common site of being torn from their spinal cord attach-
ments (Figure 5-79).

A b B
L Dura
Intervertebral — /
‘\

foramen

+ Nerve

/ root
Connective p

tissue moorings

FIGURE 5-79. Nerve Root Avulsion. A: Normal nerve root exiting the intervertebral foramen.
B: Slight traction with dura plugging the foramen and support by tissue moorings. C: Ruptured dura
and moorings. D: Ruptured roots. Note: arrows depict direction of traction forces.

e Clinical Presentation
The patient complains of absent sensation or muscle contraction from the muscles inner-
vated by the roots involved. This may manifest as a flail shoulder.

e EDX Pearl
The SNAPs remain normal but the CMAPs are absent. Needle exam reveals absent
recruitment and abnormal spontaneous activity in myotomic distribution, including the
paraspinals.

LUMBOSACRAL PLEXUS
Anatomy

* Origin
The nerve fibers originating from the anterior rami of L1, L2, L3, and L4, roots form the
lumbar plexus. The nerve fibers originating from the anterior rami of L4, L5, 51, 52, S3, and
S4 roots form the sacral plexus (Figure 5-80).
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St S2
L5 S3
L4
L2 L3
Lateral Femoral Cutaneous Nerve
Superior Gluteal Nerve
Tensor Fascia Lata (L4, L5)
Gluteus Medius (L5, S1)
Gluteus Minimus (L5, S1, S2)
Inferior Gluteal Nerve
Gluteus Maximus
(L5, S1, S2)
Saphenous
Nerve
Sural
Nerve

FIGURE 5-80. The Lumbosacral Plexus and Innervations.
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e Course
The anterior rami divide to form posterior and anterior divisions. The femoral nerve and
lateral femoral cutaneous nerve originate from the posterior division of the lumbar plexus.
The obturator nerve originates from the anterior division. The common peroneal nerve
originates from the posterior division of the sacral plexus, while the tibial portion origi-
nates from the anterior division. The lumbosacral trunk forms from the L4 and L5 nerve

fibers connecting the lumbar to the sacral plexus and travels over the pelvic brim.

Injury

¢ Neuralgic amyotrophy: Similar to brachial plexus pathology

[ ]
[ ]
¢ Hip dislocation
[ ]

Neoplastic vs. radiation plexopathy: Similar to brachial plexus pathology
Retroperitoneal bleed: Can involve a hematoma formation in the psoas muscle

Obstetric injuries/cephalopelvic disproportion: Presents as a postpartum foot drop

UPPER LIMB MONONEUROPATHY

MEDIAN NERVE

Anatomy

* Origin
These nerve fibers originate from the
C5, C6, C7, C8, and T1 roots. They
continue on to contribute to the upper,
middle, and lower trunks, medial and

lateral cords, and finally form the
median branch (Figure 5-81).

¢ Course

Arm

The nerve runs medial to the axillary
artery. It continues down the humerus
to the Ligament of Struthers at the
medial epicondyle of the elbow.

Forearm

Innervations and cutaneous branches:

¢ Pronator Teres (PT)

¢ Flexor Carpi Radialis (FCR)

e Palmaris Longus

¢ Flexor Digitorum Superficialis (FDS)

¢ Palmar Cutaneous Branch
The anterior interosseus nerve
branches from the median nerve to
innervate the:
— Flexor Pollicis Longus (FPL)
— Flexor Digitorum Profundus (FDP)
— Pronator Quadratus (PQ)

Huo o e

Median n.

Flexor di%*ltorum
superficialis n.

AN

Pronator teres n.
Flexor carpi
radialis n.

/Palmaris longus n.
Anterior

Flexor pollicis
longus n.

Pronator
quadratus n.

Thenar
cutaneous n. / interosseous n.
(TCN) Flexor digitorum

profundus n.
Thenar

muscle ns. (utaneous Distribution .

* Abd. pol. brev. o
+ Opponens pollicis PCN—7 I
* Superficial head / \t
of flex. pol. brev. R
~ 2 , I \
Ist & 2nd ——— aH
lumbricals '\
=N

Palmar cutaneous TCN
ns. (PCN)
FIGURE 5-81. The Median Nerve (Cutaneous

branches in hand supply: 1. Thenar eminence. 2.
Palmar surface as indicated).
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Hand

Through the carpal tunnel the median nerve innervates the “LOAF” muscles
e [umbricals (1,2)

e Opponens Pollicis

Abductor Pollicis Brevis

Flexor Pollicis Brevis (Superficial)

Digital Cutaneous Branches

Injury

Arm

e Ligament of Struthers (LOS)
— General

There is a 2 cm bone spur 3 to 6 cm proximal to the medial epicondyle. It is connected
to the epicondyle by a ligament in 1% of the population (Figure 5-82).

FIGURE 5-82. The Ligament of Struthers

— Etiology
The nerve can become entrapped with the brachial artery under the ligament.
— Clinical Presentation and Muscles Involved
The patient may have involvement of all median nerve innervated muscles. It can manifest as weak-
ness in grip strength (FDP and FDS weakness) and wrist flexion (FCR weakness). A dull,
achy sensation can occur in the distal forearm. There may be difficulty in flexing the second
and third digit (FDP weakness) resulting in an active benediction sign. The brachial pulse is
possibly diminished.
- EDX Findings
NCS
SNAP: Abnormal
CMAP: Abnormal
— Treatment
Interventions may include: Rehabilitation or surgical release.
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® Bicipital Aponeurosis (Lacertus Fibrosis)
— General
This is a thickening of the antebrachial ®
fascia attaching the biceps to the ulna. %c
It overlies the median nerve in the %
proximal forearm. (Figure 5-83) @o
— Etiology % Median
The nerve can be injured by entrap- / nerve

ment or hematoma compression re- Biceps

%
sulting from an arterial blood gas or aponeurosis e
acertus =

@

g

5

g

»n

Lateral Medial

venipuncture. fibrosis)
— Clinical Presentation and Muscles

Involved

This is similar to the previous path-

ology.
— EDX Findings

This is similar to the previous path-

Sublimis
— Treatment arch

Interventions may include: Rehabilita-
tion or surgical release

Forearm

e Pronator Teres Syndrome (PTS)

— General
The median nerve passes between the
two heads of the pronator teres
muscle and continues down under
the FDS muscle. An entrapment is
commonly named for the muscle
compressing the nerve. The muscle is
usually spared because it receives its
innervation before it is pierced by the
nerve. However, the nerve can also
contribute to the innervations as it
courses through the muscle.

— Etiology
The nerve can be injured by compres-
sion between the heads of the
pronator teres muscle or the bridging
fascial band of the flexor digitorum
superficialis muscle. (Figure 5-84)

FIGURE 5-83. The Lacertus Fibrosis.
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f;rr(g;ator Median
(humeral nerve
head)
Pronator
teres
(ulnar
head)
—
«—Sublimis
bridge
Flexor
digitorum
superficialis

FIGURE 5-84. Median Nerve Entrapment at the Pronator Teres or Flexor Digitorum Superficialis
(Flexor Sublimis).

— Clinical Presentation and Muscles Involved
The muscles involved include all median innervated muscles except the pronator teres.
The patient may complain of a dull ache of the proximal forearm exacerbated by forceful
pronation (PT) or finger flexion (FDS). The forearm and hand muscles may become
easily fatigued.
— EDX Findings
NCS
SNAP: Abnormal
CMAP: Abnormal
EMG
Abnormal activity in all median nerve innervated muscles distal to the pronator teres
— Treatment
Interventions may include: Rehabilitation or surgical release.

o Anterior Interosseus Syndrome (AIS)

— General
This is an injury to a motor branch of the median nerve. It lacks cutaneous innervations
but has sensory branches to the wrist joint. It supplies the ~ FPL, PQ, and FDP 2, 3 (the
4 P muscles). The FPL is usually the first muscle affected. It is a motor syndrome.

— Etiology
The nerve can be injured by an idiopathic process (neuralgic amyotrophy), fracture of
the forearm or humerus, lacerations, or compression.

- Clinical Presentation and Muscles Involved
The muscles involved include FPL, PQ, second FDP, and third FDP (the 4 P muscles).
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The patient may demonstrate a positive “OK” sign (Figure 5-85) or have difficulty
forming a fist (Figure 5-86) because of an inability to approximate the thumb and index
finger (FPL, FDP weakness). Sensation is spared.

FIGURE 5-86. A: Normal. B: Inability to

FIGURE 5-85. A: Normal. B: Positive OK make a fist due to problems incorporating the
sign (or pinch sign). thumb and index finger.
- EDX Findings
NCS

SNAP: Normal
CMAP: Possible abnormal activity to the pronator quadratus
EMG
Abnormal activity in the muscles innervated by the anterior interosseus nerve
— Treatment
Interventions may include: Rehabilitation or surgical exploration

* Carpal Tunnel Syndrome (CTS)
— General
This is a median neuropathy with associated abnormal clinical symptoms

Contents (Figure 5-87) Borders
Flexor digitorum superficialis tendons (4) ~ Carpal bones
Flexor digitorum profundus tendons (4) Transverse carpal ligament

Flexor pollicis longus tendon (1)
Median nerve (1)

FDS {Flexor digitorum
Superficialis m.) (tendons)

Transverse Carpal Ligament

FCR (Flaxor Carpi
Radialis .} (tendons)

FDF {Flexeor Digitarum
Profundus m.) (tandans)
FFL (Flaxor Pellicis
Longus m.) (tendans)

FIGURE 5-87. Cross Section of the Carpal Tunnel (at level of the first row of the carpal bones).
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— Etiology
The nerve can be injured by: (a) an idiopathic process; (b) increased canal volume from:
thyroid disease, CHF, renal failure, mass (tumor, hematoma) and pregnancy (it

usually occurs at 6 months and resolves post delivery); (c) decreased canal volume from:
a fracture, arthritis, and rheumatoid tenosynovitis; or (d) double crush syndrome from:
diabetes mellitus, cervical radiculopathy, and thoracic outlet syndrome.

— Clinical Presentation and Muscle Involvement
The muscles involved include the muscles that pass through the carpal tunnel FDS (4),
FDP (4), FPL (1), and the median nerve. (Table 5-29)

Mild

The patient may complain of numbness, paresthesias, or dysesthesias radiating to the first,
second, third, and lateral fourth digits. Symptoms may be exacerbated during sleep and
relieved with wrist shaking.

Moderate
The patient may complain of continuous sensory deficits in the median nerve distribution,
involving the entire palm and radiating proximally. The ability to handle fine objects is
impaired.

Severe
The patient may complain of severe sensory loss and muscular atrophy of the thenar emi-
nence.

TABLE 5-29 Provocative Tests for Carpal Tunnel Syndrome

Provocative Tests Description

Tinel’s sign Percussion of the median nerve at the wrist

Phalen’s test Hold the wrist at 90° of flexion for approximately one minute

Tourniquet test Inflated BP cuff reproduction of symptoms at one minute

Carpal compression test Hold thumb compression over the tunnel for 30 seconds

Reverse Phalen’s test Hold the wrist at 90° of extension for approximately one minute
- EDX Findings

TABLE 5-30 EDX Findings for Different Levels of Severity of Carpal Tunnel Syndrome

Severity NCS EMG
Mild SNAP: Prolonged latency
CMAP: Normal Normal
Moderate SNAP: Plus a decreased amplitude
CMAP: Prolonged latency Normal
Severe SNAP: Absent
CMAP: Plus a decreased amplitude Abnormal activity

— Special Studies
Certain tests can be performed to further support the diagnosis of a median neuropathy.
These include comparison studies of the median nerve to the ulnar or radial nerve. This
can have an added benefit because each nerve can act as an internal control for the other
since they have comparatively similar diameters, temperatures, and distances from
stimulator to recording electrode.

— Treatment
Interventions may include:
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Rehabilitation

Indications: Mild symptoms (no weakness or atrophy, no denervation on EMG)

Orthotics: Hand splint 0-30° neutral to extension

Medications: NSAIDs or a steroid injection, diuretics, vitamin B6

Ergonomic modifications
Treat underlying medical disorders

Surgical

Indications: Muscle atrophy, severe pain, and conservative treatment failure

Prognosis

Poor outcome with conservative management may occur with:

* Symptoms greater than 10 months in duration

e Constant paresthesias

e Positive Phalen’s Test in less than 10 seconds

¢ Weakness, atrophy
® Marked prolonged latency on NCS

¢ Abnormal spontaneous activity on EMG

Anomalous Innervation

® Martin-Gruber Anastomosis
— General

This is a median to ulnar nerve anasto-
mosis. The ulnar nerve fibers travel
with the AIN branch of the median
nerve. It crosses over in the forearm to
innervate the ADP, ADM, and most
commonly the FDI muscle. This can
occur in 15% to 20% of the population.
(Figure 5-88)

- EDX Findings (Figure 5-89)

—  An initial positive deflection of
the CMAP (5-89A) can occur at the
elbow, which is not seen at the
wrist. This is due to the proximal
stimulus branching to the ulnar
muscles and reaching the recording
electrode, via volume conduction,
before the potential on the median
nerve, as a result of the median
nerve fibers being entrapped and
slowed at the wrist.

-  An increased amplitude of the
median nerve CMAP (5-89B) is seen
at the elbow compared to the wrist.
This is due to simultaneously stimu-
lating the median and the ulnar nerve
innervated muscles at the elbow. This
can occur without a median nerve
entrapment.

— An artificially fast conduction
velocity can be demonstrated. This is

1
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Median nerve
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Ulnar nerve
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FIGURE 5-88. Martin-Gruber Anastomosis.




358 m ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY

FIGURE 5-89. Martin-Gruber Anastomosis with CTS Electrodiagnostic Findings: A: Initial positive
deflection of the CMAP is caused by response of ulnar muscles innervated by the median nerve which
has gotten to the recording electrode earlier, since the aberrant portion of the median nerve is not
entrapped. B: Increased amplitude of the median nerve CMAP is seen at the elbow (as opposed to the
wrist). This is due to simultaneously stimulating the median and ulnar innervated muscles at the elbow.

a mathematical error due to using a normal proximal latency reading obtained by
stimulating the branch to the ADM. This is subsequently calculated with the pro-
longed distal latency obtained by the entrapped median nerve, giving a falsely
increased conduction velocity.

Example: Elbow latency ( 6.0 ms) — Wrist latency (4.5 ms) = 1.5 ms.

Forearm measurement (150 mm)/Forearm latency (1.5 ms) = 100 m/s

® Riche-Cannieu Anastomosis
- General
This is a connection of the deep branch of the ulnar nerve and recurrent branch of the
median nerve in the hand. It causes an all ulnar hand.
- EDX Findings
A CMAP performed to the APB muscle is absent with median nerve stimulation but
present with stimulation of the ulnar nerve.
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ULNAR NERVE
Anatomy

e Origin
These nerve fibers originate from the
C8-T1 roots. They continue on to con-
tribute to the lower trunk, medial cord,
and finally form the ulnar branch. (Figure
5-90)

* Course

Arm

The nerve descends along the medial surface
of the medial head of the triceps. It runs within
a deep groove of thick fascia, the Arcade of
Struthers. It continues posteriorly in a sulcus
between the medial epicondyle and olecranon,
called the retrocondylar groove.

Forearm
It then continues distally in the Cubital Tunnel
to innervate the:
— Flexor carpi ulnaris (FCU)
Flexor digitorum profundus (FDP)
Palmar ulnar cutaneous nerve
Dorsal ulnar cutaneous nerve
Dorsal digital nerves

Hand

Through Guyon’s Canal it splits into three
branches:

® Superficial Sensory Branch

* Hypothenar Branch FIGURE 5-90. The Ulnar Nerve. (From
— Opponens digiti quinti Haymaker W., Woodhall B.: Peripheral Nerve
— Abductor digiti quinti Injuries: Principles of Diagnosis. Philadelphia,
- Flexor digiti quinti W.B. Saunders, 1953, with permission.)
e Deep Motor Branch
— Palmaris brevis
— 4 Dorsal interossei—(“DAB”: Abduction)
— 3 Palmar interossei—(“PAD”: Adduction)
— 2 Lumbricals

- % Azdguctor pcl)ll_l i_cisb . The 1-1/2 Nerve
= 1/2 Flexor pollicis brevis ¢ 1-1/2 muscles of the thumb
(deep head)

1 Adductor pollicis

1/2 Flexor pollicis brevis (deep head)
* 1-1/2 muscle of the forearm

1 Flexor carpi ulnaris

1/2 Flexor digitorum profundus (fourth, fifth)
* 1-1/2 sensation of the fingers

fifth digit

1/2 fourth digit
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Injury
Arm

e Arcade of Struthers (AOS)
— General
This is a fascial band that connects

the brachialis to the triceps brachii.
(Figure 5-91)

Etiology

The nerve can be injured by com-
pression under the fascial band.
Clinical Presentation and Muscles
Involved

The patient may demonstrate involve-
ment of all the ulnar nerve innervated

Coracobrachialis
Ulnar nerve

Medial intermuscular (anteriorly)

septum

BICEPS

Ulnar nerve

. Medial head of
(posteriorly)

triceps

Arcade of Struthers

muscles. Wrist flexion may result
with a radial deviation (FCU weak-
ness). Abnormal sensations may
occur in all sensory branches of the
ulnar nerve.

Ulnar Claw Hand: While the hand is at
rest, an unopposed pull of the EDC
causes partial finger flexion of the fourth
and fifth PIP and DIP joint due to exten-
sion of the MCP. (Figure 5-92)

Froment’s Sign: This test demon-
strates an inability to hold a piece of
paper by the thumb and index finger
with pure thumb adduction (adductor
pollicis weakness). The patient substi-
tutes the median innervated FPL muscle,
causing flexion of the interphalangeal
joint. (Figure 5-93)

Wartenberg’s Sign: Inability to adduct
the fifth digit. (Interossei weakness).

— EDX Findings
NCS

SNAP: Abnormal dorsal ulnar
cutaneous (DUC) and ulnar nerve
findings

CMAP: Abnormal
EMG

Abnormal activity in all the ulnar
nerve innervated muscles
Treatment
Interventions may include: Rehabilitation
or surgical release of the AOS

FIGURE 5-91.

The Arcade of Struthers.

FIGURE 5-92. Ulnar Claw Hand.

FIGURE 5-93. A: Normal. B: Froment’s Sign.
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Forearm

Tardy Ulnar Palsy

General

This is an ulnar neuropathy that can occur months to years after a distal humerus fracture.
Etiology

The nerve can be injured secondary to a trauma that results in bone overgrowth or scar for-
mation. Nerve traction can occur from an increased carrying angle due to a valgus defor-
mity at the elbow.

Clinical Presentation and Muscles Involved

The patient’s muscle involvement and complaints are dependent on the site of injury. In
most cases the patient may demonstrate involvement of all the ulnar nerve innervated
muscles.

EDX Findings

This is dependent on site of injury.

Treatment

Interventions may include: Rehabilitation or surgical procedure.

Cubital Tunnel Syndrome

General
This is the most common site of elbow entrapment. It is bordered by the medial epicondyle
and olecranon with an overlying aponeurotic band. NCS across the elbow should be per-
formed at 90-110° of elbow flexion. (Figure 5-94)

Etiology

The nerve can be injured from
compression beneath the prox-
imal edge of the FCU aponeu-
rosis or arcuate ligament. Ulnar nerve

Clinical Presentation and \
Muscles Involved

The muscles involved include

. Medial
all ulnar nerve innervated /epﬁcéidyle
muscles with one exception, the

FCU may or may not be *— Cubital tunnel

involved. The patient may com-
plain of symptoms similar to an
injury at the Arcade of
Struthers. A positive Tinel’s sign
may demonstrate paresthesias  FIGURE 5-94. The Cubital Tunnel.
in the distribution of the ulnar
nerve with percussion at the
ulnar groove.
EDX Findings
NCS

SNAP: Abnormal findings in

the dorsal ulnar cutaneous and ulnar nerve

CMAP: Approximately 10 ms drop of conduction velocity across the elbow
EMG

Abnormal activity in the ulnar nerve innervated muscles
Treatment
Interventions may include: Rehabilitation or surgical release

FLEXOR CARPI ULNARIS
Olecranon
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Hand

® Guyon'’s Canal
— General
Different branches of the ulnar nerve can be injured at the wrist. (Figure 5-95)

Classification: (Shea’s System)

Type I Involvement of the hypothenar and deep ulnar branch
Type II Involvement of the deep ulnar branch
Type III Involvement of the superficial ulnar sensory branch

Ulnar motor
branch to

hypothenar ms.
Ulnar sensory
branch
/ Hamate

Deep ulnar

branch

Pisiform

o

Ulnar nerve

\\ Pisohamate ligament

Volar carpal ligament

Etiology
The nerve can be injured by cycling activities (Cycler’s
Palsy), wrist ganglions, or rheumatoid arthritis
Clinical Presentation and Muscle Involvement
The muscles involved include all the ulnar nerve inner-
vated intrinsic muscles of the hand. (See side box.)
The patient may complain of painless wasting of the
FDI. A severe claw hand may occur (lumbrical weak-
ness) while the FDP remains intact causing marked
finger flexion.
EDX Findings
NCS

SNAP: DUC nerve is spared, ulnar nerve to the
fifth digit is abnormal

CMAP: Abnormal
EMG

Abnormal activity in the ulnar nerve innervates

hand muscles
Treatment

FIGURE 5-95. Guyon’s Canal: The main ulnar nerve trunk is illustrated splitting into its superficial
and deep branches as it enters Guyon’s Canal (between the pisiform and hook of hamate bones).

Muscles Involved
4 dorsal interossei

3 palmar interossei

2 Lumbricals

1 Adductor pollicis

1/2 Flexor pollicis brevis

and the

Hypothenar muscle
Opponens digiti minimi
Abductor digiti minimi
Flexor digiti minimi

Note: Compression of the
ulnar nerve at Guyon’s
canal may spare the
hypothenar muscle

Interventions may include: Rehabilitation or surgical procedure.
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RADIAL NERVE
Anatomy

e Origin
These nerve fibers originate from the
C5-T1 roots. They continue on to con-
tribute to the upper, middle, and lower
trunks, posterior cord, and finally form
the radial branch. (Figure 5-96)

* Course

Arm
The nerve is located posterior to the axil-
lary artery. It descends between the long
and medial heads of the triceps muscle
toward the spiral groove.

Innervation above the spiral groove:

- Triceps

- Anconeus

— Posterior cutaneous nerve

— Lower lateral cutaneous nerve

Innervation below the spiral groove:

— Brachioradialis (BR)

— Extensor carpi radialis longus (ECRL)

— Extensor carpi radialis brevis (ECRB)

Ten centimeters proximal to the lateral epi-
condyle of the humerus, the nerve pierces
the lateral intermuscular septum and  FIGURE 5-96. The Radial Nerve. (From
enters the anterior compartment of the  Haymaker W., Woodhall B.: Peripheral Nerve
arm. It continues distally between the bra- Injuries: Principles of Dlggn03|s. .Ph.lladelphla,
chioradialis and brachialis. At the  WB-Saunders, 1953, with permission.)
lateral epicondyle it then splits to a motor

and sensory branch.

Elbow

® Superficial radial nerve

¢ Posterior interosseus nerve (PIN)
— Supinator
— Extensor digitorum communis (EDC)
— Extensor digiti minimi (EDM)
— Extensor carpi ulnaris (ECU)
— Abductor pollicis longus (APL)
— Extensor pollicis longus (EPL)
— Extensor pollicis brevis (EPB)
— Extensor indicis proprius (EIP)
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Injuries
Axilla
Crutch Palsy

Arm

e Spiral Groove

General
Nerve injury at this level can also involve the median, axillary, or suprascapular nerves.
Etiology
The nerve can become compressed with improper crutch use.
Clinical Presentation and Muscle Involvement
Involves all radial nerve innervated muscles.
The patient may complain of weakness in all radial nerve innervated muscles, including
the triceps brachii. Sensation may be decreased over the posterior arm and forearm.
EDX Findings
NCS

SNAP: +/- Abnormal

CMAP: +/- Abnormal
EMG

Abnormal activity in all radial nerve inner-
vated muscles
Treatment

Interventions may focus on rehabilitation.

General
Injury at this site is known as Saturday Night
Palsy or Honeymooner’s Palsy.
Etiology
This nerve injury can be due to an injection or
by compression. Common mechanisms
described are the arm being positioned over a
sharp ledge, such as a chair back or from a person’s head resting on the humerus.
(Figure 5-97)
Clinical Presentation and Muscle Involvement
Involves all radial nerve innervated muscles, except triceps brachii and anconeus.
The patient complains of weakness of elbow flexion (BR weakness), supination
(supinator weakness), wrist drop (ECRL, ECRB, ECU weakness), and finger extension
(EDC weakness). There is preservation of elbow extension (triceps, anconeus). Sensory
deficits may occur in the dorsal aspect of the hand and posterior arm.
EDX Findings
NCS

SNAP: + Abnormal

CMAP: + Abnormal

FIGURE 5-97. Mechanism of
Honeymooner’s Palsy

EMG

Abnormal activity in all

radial nerve innervated Differential Diagnosis of a Wrist Drop

muscles  below  the Diffuse polyneuropathy: Lead

Anconeus. Mononeuropathy: PIN, radial nerve

Treatment Plexopathy: Posterior cord, upper trunk, middle trunk
Interventions may focus Radiculopathy: C6 and C7

on rehabilitation. SCI/TBI/CVA, etc.
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Forearm

® Posterior Interosseus Nerve Syndrome
(Supinator Syndrome, Arcade of Frohse Syndrome)

— General
This is considered a pure motor syndrome
— Etiology
The nerve can be injured by compres-
sion of the nerve at the  Arcade of Lateral Medial
Frohse of the supinator. (Figure 5-98) It
can also be injured by a lipoma, gan- Radial BRAGHIALS
glion cyst, synovitis from rheumatoid nerve
arthritisora  Monteggia fracture. This Deep
is a fracture of the proximal one-third branch of
of the ulna and dislocation of the radial (posterior o 5 BICEPS Brachial
head. It occurs secondary to a fall on oo 5 S
the outstretched hand with the forearm 2
locked in full pronation. z — Recurrent
— Clinical Presentation and Muscle % radial artery
Involvement Superficial -
. . branch of —*
Involves all the radial nerve innervated radial Arcade of
distal extensors: EDC, EIP, ECU, EPB, nerve Frohse
EPL, APL. The PIN syndrome spares
supinator, brachioradialis, triceps, ECR- Supinator

L, ECR-B, anconeus. The patient may
complain of weakness in the distal
extensors radial nerve innervated
muscles. A pseudo claw-hand deformity
may be demonstrated (finger extensor
weakness).  Radial deviation is noted
with wrist extension (ECU weakness)
and sensation is spared.
- EDX Findings
NCS
SNAP: Normal
CMAP: Abnormal findings in muscles innervated by the posterior interosseus nerve
EMG
Abnormal activity in the muscles innervated by the PIN, including the supinator
— Treatment
Interventions may include: Rehabilitation or surgical resection

FIGURE 5-98. The Arcade of Frohse.

o Superficial Radial Neuropathy

- General
This nerve injury is also known as Cheiralgia Paresthetica or Wristwatch Syndrome.

- Etiology
The nerve can be injured by compression at the wrist from a wristwatch, tight hand-
cuffs, etc. (Figure 5-99)

— Clinical Presentation and Muscle Involvement
This is a pure sensory syndrome with no muscle involvement. The patient may com-
plain solely of sensory abnormalities including numbness, burning, or tingling on the
dorsal radial aspect of the hand. Discomfort may be exacerbated with palmar and ulnar
wrist flexion or forced pronation.
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— EDX Findings
NCS
SNAP: Abnormal
CMAP: Normal

Brachioradialis

EMG
Normal E;tein sot
— Treatment radli)alis

Interventions may include: rehabilitation and
removal of the compressive irritant.

/ “———Superficial
Extensor radial

retinaculum nerve

MUSCULOCUTANEOUS NERVE

Anatomy

¢ Origin
These nerve fibers originate from the C5, C6, and C7
roots. This continues on to contribute to the upper

trunk and lateral cord to finally form the musculo-
cutaneous branch. (Figure 5-100)

FIGURE 5-99. Superficial Radial
Neuropathy Injury.

FIGURE 5-100. The Musculocutaneous
Nerve. (From Haymaker W., Woodhall B.
Peripheral Nerve Injuries: Principles of
Diagnosis. Philadelphia, W.B. Saunders, 1953,
with permission.)
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e Course

Arm

The nerve passes along the medial aspect of the humerus and innervates the:
— Coracobrachialis
— Biceps brachii
— Brachialis

Forearm

It continues anterior to the antecubital fossa, lateral to the biceps tendon, to innervate the
lateral forearm.

e Lateral antebrachial cutaneous nerve

Injury

e Musculocutaneous Neuropathy
- General
An injury to the distal portion is more common than to the proximal portion.
— Etiology
The nerve can be injured by entrapment proximally from the coracobrachialis or dis-
tally, where it runs superficially. It can also be injured by gunshot wounds, shoulder dis-
location, and phlebotomy.
— Clinical Presentation and Muscle Involvement
Involves musculocutaneous nerve innervated muscles including biceps, brachialis, and
spares the coracobrachialis
The patient may complain of elbow flexion weakness (biceps, brachialis weakness) and
abnormal sensation over the lateral forearm.
— EDX Findings
NCS
SNAP: Abnormal findings in the lateral
antebrachial cutaneous nerve
CMAP: Abnormal findings to the
Biceps Brachii
EMG
Abnormal activity in the brachialis and
biceps brachii
— Treatment
Interventions may include: rehabilitation
or surgical procedure.

AXILLARY NERVE
Anatomy

¢ Origin

These nerve fibers originate from the C5 and

C6 roots. They continue on to contribute to the

upper trunk and posterior cord to finally form

the axillary branch. (Figure 5-101) FIGURE 5-101. The Axillary Nerve. (From
Haymaker W,. Woodhall B. Peripheral Nerve
Injuries: Principles of Diagnosis. Philadelphia,
W.B. Saunders, 1953, with permission.)
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e Course

Axilla

The nerve passes inferior to the glenohumeral joint, through the quadrilateral space to the
posterior aspect of the humerus. It innervates the:

® Teres minor

¢ Deltoid

e Upper lateral cutaneous nerve

Injury

o Axillary Neuropathy

- General
The nerve runs through the quadrangular space. This is bordered by the humerus, long
head of the triceps brachii, teres minor, and teres major.

— Etiology
The nerve can be injured by traction or compression from a shoulder dislocation,
humeral head fracture, or improper crutch use.

— Clinical Presentation
Involves all axillary nerve innervated muscles; deltoid and teres minor
The patient may complain of weakness of shoulder flexion and abduction (deltoid
weakness), and external rotation (teres minor weakness). There may also be lateral
shoulder sensation abnormalities.

— EDX Findings
NCS

SNAP: Not available
CMAP: Abnormal

EMG
Abnormal activity in the axillary nerve
innervated muscles

— Treatment
Interventions may include: rehabilita-
tion or surgical decompression.

SUPRASCAPULAR NERVE
Anatomy

¢ Origin
These nerve fibers originate from the C5
and C6 roots. They continue on to con-
tribute to the upper trunk to finally form
the suprascapular branch. (Figure 5-102)

e Course

Neck
It passes the posterior triangle of the neck
and runs beneath the trapezius to the supe- ~ FIGURE 5-102. The Suprascapular Nerve. (From
rior margin of the scapula. It runs through ~ Haymaker W., Woodhall B. Peripheral Nerve
the suprascapular notch, which is covered Injuries: Principles of Diagnosis. Philadelphia, W.B.
b . Saunders, 1953, with permission.)

y the transverse scapular ligament and
branches to innervate the:
o Supraspinatus (SS)

The nerve wraps around the spinoglenoid notch to innervate the:

e Infraspinatus (IS)
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Injury
. Suprascapu lar Neuropat hy (éz Transverse scapular ligament
- General
This is the only peripheral nerve injury
at the trunk level. (Figure 5-103) Suprascapular nerve
— Etiology
The nerve can be injured from forced
scapular  protraction,  penetrating
wounds, improper crutch use, traction (as
seen in volleyball players due to overhead
serving) rotator-cuff rupture, Erb’s palsy,
spinoglenoid ganglions, hematoma, Infraspinatus
suprascapular or spinoglenoid notch
entrapment.
— Clinical Presentation and Muscle
Involvement
Involves both suprascapular nerve
innervated muscle; both infraspinatus
and supraspinatus.
The patient may complain of weakness
in abduction (SS weakness) and
external rotation (IS weakness) of the glenohumeral joint. Atrophy occurs in the
infraspinatus and supraspinatus with injury at the suprascapular notch. Atrophy of the
infraspinatus alone may occur with injury at spinoglenoid notch.
— EDX Findings
NCS
SNAP: Not available
CMAP: Abnormal

Coracoid process

—

Supraspinatus

FIGURE 5-103. Suprascapular Nerve Injury
Sites.

Long thoracic n.

EMG Medial ant. thoracic n.
Abnormal activity in the supras- A,
capular nerve innervated muscles Lateral ar}t,/x.‘ A
thoracic n._~% Y LA
— Treatment o \ S

Interventions may include: Rehabilita-
tion or surgical release.

LONG THORACIC NERVE

Anatomy

><-Pectora{is minor
( (.

e Origin
These nerve fibers originate from the C5,
C6 and C7 roots. (Figure 5-104)

anterior

/ ralls major
--i- (Stermocostal portion)
femmmmmm { Clavicular portion)

* Course

Neck
The nerve runs distally along the thoracic

FIGURE 5-104. The Long Thoracic Nerve.
. (From Haymaker W., Woodhall B. Peripheral
wall to Innervate the: Nerve Injuries: Principles of Diagnosis.

* Serratus anterior Philadelphia, W.B. Saunders, 1953, with per-
e (SALT: Serratus Anterior Long Thoracic) mission.)
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Injury

e Long Thoracic Neuropathy
— General
There are two main types of shoulder winging that should be differentiated from each
other: medial (long thoracic) and lateral (spinal accessory)
— Etiology
The nerve can be injured by traction from a fall, MVA, sports activities, or shoulder bags.
— Clinical Presentation and Muscle Involvement

TABLE 5-31. Comparison of Long Thoracic Winging and Spinal Accessory Winging

Position of Scapula
Nerve Innervation Winging (medial border) Abduction
Long Serratus anterior Medial Closer to midline Decreases winging
Thoracic
Spinal Trapezius Lateral Away from midline | Increases winging
Accessory
- EDX Findings
NCS

SNAP: Not available
CMAP: Abnormal
EMG
Abnormal activity in the serratus anterior
— Treatment
Interventions may include: rehabilitation or surgical procedure.
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LOWER LIMB MONONEUROPATHY

LATERAL FEMORAL CUTANEOUS NERVE

Anatomy

Origin
These nerve fibers originate from the L2 and L3 roots. They continue on to contribute to
the posterior division of the lumbar plexus and finally the lateral femoral cutaneous nerve.
(Figure 5-105)

Course

Pelvis
The nerve continues down to pass over the iliacus toward the anterior iliac spine. It tunnels
under the inguinal ligament to provide sensation for the lateral thigh.

Injury

o Lateral Femoral Cutaneous Neuropathy

— General

This nerve injury is known as meralgia paresthetica and is mainly a clinical diagnosis.

Etiology
The nerve can be injured from compression
by a repeated low-grade trauma, protu-
berant abdomen, pregnancy, or tight
clothing. Diabetes, tumor, and infection can
also affect the nerve in a nonspecific manner.
Clinical Presentation and Muscle Involve-
ment
This is a pure sensory syndrome with no
muscle involvement.
The patient may complain of sensory com-
plaints at the lateral thigh including pain,
numbness, burning or a dull ache. It may be
exacerbated with hip extension and does not
demonstrate motor abnormalities.
EDX Findings
NCS

SNAP: Abnormal findings in the lateral

femoral cutaneous nerve

CMAP: Not available
EMG

Not available
Treatment
Interventions may include: Rehabilitation,
NSAIDs, cortisone injections, surgical
release, or the symptoms may be self-
limited.

FIGURE 5-105. The Lateral Femoral
Cutaneous Nerve. (From Haymaker W.,
Woodhall B. Peripheral Nerve Injuries:
Principles of Diagnosis. Philadelphia, W.B.
Saunders, 1953, with permission.)
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FEMORAL NERVE

Anatomy

e Origin
These nerve fibers originate from the
L2, L3, and L4 roots. They continue on
as the posterior division of the lumbar

plexus and finally the femoral nerve.
(Figure 5-106)

* Course
The nerve runs through the psoas. It
goes under the inguinal ligament,
lateral to the femoral artery and
travels through the femoral triangle to
innervate the:
— Iliacus
— Pectineus
— Sartorius
— Rectus femoris
— Vastus lateralis
— Vastus intermedius
— Vastus medialis
— Saphenous nerve

Injury

e Femoral Neuropathy
- General

This nerve is the largest branch of

the lumbar plexus
— Etiology

The nerve can be injured by a compressive lesion in the pelvis from trauma, fracture,

Tliacus <

Femoral n.——

Pectineus n.
Rectus /- /
femoris n. Vastus intermedius n.
Intermediate/. T Sartorius n.
cutaneous n: \
of thigh
(ICN

Vastus medialis n.

Vastus Cutaneous Distributions

lateralis n’

Medial

cutaneous n.
of thigh
(MCN)

Saphenous n. % 5
/ = s
z

g

o

g

£

3

FIGURE 5-106. The Femoral Nerve.

retroperitoneal hematoma, tumor, or cardiac catheterization.
— Clinical Presentation and Muscle Involvement
Involved muscles include all femoral innervated muscles.

The patient may complain of weakness of knee extension (quadriceps weakness) and

decreased sensation over the anterior thigh and medial leg (saphenous nerve).

— EDX Findings
NCS

SNAP: Abnormal findings from the saphenous nerve
CMAP: Abnormal findings to the rectus femoris

EMG

Abnormal activity in the femoral nerve innervated muscles

— Treatment

Interventions may include: Rehabilitation or surgical procedure.

e Diabetic Amyotrophy
— General

This injury is the most common cause of a femoral neuropathy

— Etiology

The nerve can be injured from an abnormality of the vaso-nevorum due to diabetes mel-

litus. This amyotrophy has also been noted to occur after marked weight loss.
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Clinical Presentation and Muscle Involvement
May have involvement of all femoral nerve innervated muscles.
The patient may complain of asymmetric thigh pain, knee extension weakness (quadri-
ceps weakness), and atrophy. Loss of the patella reflex may also occur.
EDX Findings
NCS
Variable findings
EMG
Variable findings
Treatment
Interventions may include: Rehabilitation and control of blood sugar.

® Saphenous Neuropathy

General
This nerve is the largest and longest branch of the femoral nerve. It supplies sensation
to the medial aspect of the leg, and the medial malleolus and medial arch of the foot.
Etiology
The nerve can be injured by entrapment in the subsartorial (Hunter’s) canal or between
the sartorius and gracilis. It can also be related to trauma from knee or vascular surgery.
Clinical Presentation and Muscle Involvement
This is a pure sensory syndrome with no muscle involvement.
The patient may complain of medial knee pain with abnormal sensation radiating dis-
tally along the medial aspect of the leg and foot.
EDX Findings
NCS

SNAP: Abnormal findings in the saphenous nerve

CMAP: Not available
EMG

Not available
Treatment
Interventions may include: Rehabilitation or surgical procedure.

OBTURATOR NERVE

Anatomy

¢ Origin
These nerve fibers originate from the L2, 3, 4 roots. They continue on as the anterior
portion of the lumbar plexus to finally form the obturator nerve. (Figure 5-107)

¢ Course

Leg

The nerve passes through the psoas major and obturator foramen to innervate the:

Pectineus
Adductor brevis
Adductor longus
Adductor magnus
Obturator externus
Gracilis

Cutaneous branch
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Injury

® Obturator Neuropathy

— General

This nerve injury can occur in conjunc-
tion with a femoral nerve injury
Etiology
The nerve can be injured by compression
from a pelvic fracture or hernia within
the obturator foramen
Clinical Presentation and Muscle
Involvement
Can involve all muscles innervated by
the obturator nerve.
The patient may complain of hip adduc-
tion weakness (adductor brevis,
adductor longus, adductor magnus
weakness). There may also be a decrease
in sensation along the medial aspect of
the thigh.
EDX Findings
NCS

None
EMG

Abnormal activity in the obturator
nerve innervated muscles
Treatment
Intervention may include: Rehabilitation
or surgical procedure.

SCIATIC NERVE

Anatomy

Origin
These nerve fibers originate from the L4, L5, S1, S2 and S3 roots. They continue on as the
posterior division of the lumbosacral plexus running posteriorly in the leg to finally form
the sciatic nerve. (Figure 5-108)

Course

Pelvis

The nerve exits the pelvis through

The peroneal portion innervates the:

— Short head of the biceps femoris (SHBF)

The tibial portion innervates the:

— Long head of the biceps femoris (LHBF)

— Semitendinosus
— Semimembranosus
— Adductor magnus

FIGURE 5-107. The Obturator Nerve. (From
Haymaker W., Woodhall B. Peripheral Nerve
Injuries: Principles of Diagnosis. Philadelphia,
W.B. Saunders, 1953, with permission.)

the greater sciatic foramen, between the greater
trochanter and ischial tuberosity. The sciatic nerve proper is made up of a tibial and per-
oneal portion, which travels as one unit to the mid-thigh area where it splits into its respec-
tive divisions.
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Injury

e Sciatic Neuropathy

— General
This is the largest nerve in the
human body. The peroneal
portion makes up the outer two-
thirds of the nerve proper. It is
anchored at the fibular head, ren-
dering it more susceptible to
injury.
Etiology
The nerve can be injured by hip
trauma, hip replacement, injection,
hematoma, pelvic fracture, pene-
trating wounds, or a gravid
uterus. A Piriformis Syndrome
can also occur. This is a compres-
sive sciatic neuropathy at the
pelvic outlet affecting mainly the
peroneal portion of the nerve as it
runs inferior or through this
muscle. (Figure 5-109)
Clinical Presentation and Muscle

Adductor magnus n\

Semimembranosus n

n/
Blceps femoris n.

(long head)

T Sciatic n.
Semitendinosus

Biceps femoris n.
(short head)

Common
peroneal n.

Tibialn— /

/ Sural n.

Medial & lateral

calcaneal ns. \

Involvement

Involves all muscles innervated
by the sciatic nerve.

FIGURE 5-108. The Sciatic Nerve.

U
gt
Q\»

SMEO
.
$

. ————Superior gluteal n.

Ischial /

tuberosity

\

Piriformis

Inferior gluteal n.

Pelvic outlet

Sciatic n.

Hamstring muscles

FIGURE 5-109. Piriformis Syndrome.
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The patient’s complaints depend on which portion of the nerve is more involved. It can
present as weakness of knee flexion (hamstring weakness) and include muscles and
cutaneous innervation of both the peroneal and tibial nerve.
— EDX Findings
NCS
SNAP: Abnormal findings in the superficial peroneal and sural nerve
CMAP: Abnormal findings in the tibial and peroneal nerves
EMG
Abnormal activity in all sciatic nerve innervations, including the SHBF and LHBE.
— Treatment
Interventions may include: Rehabilitation or surgical procedure.

TIBIAL NERVE

Anatomy

¢ Origin
These nerve fibers originate from the L4, L5, S1, and S2 (S3) roots. They continue on as the
sciatic nerve to finally form the tibial branch. (Figure 5-110)

e Course
At the distal one-third of the thigh,
the tibial portion of the nerve runs
posterior to the knee and continues
distally to innervate the:
— Plantaris

Medial gastrocnemius

Lateral gastrocnemius

- Popliteus ~

Soleus

Cutaneous Distribution

SURAL N.

Tibial n.

Sciatic n.
At the Soleus it continues as the pos- o Medal photarn, TR
terior tibial nerve and innervates the: el plantar .
— Tibialis posterior (TP) T o i P
— Flexor digitorum longus (FDL) —
— Flexor hallucis longus (FHL)
The nerve runs under the flexor reti-
naculum and divides into three

TIB. N.

MPN

)/

Common peroneal n.
Plantaris n.
Gastrocnemius n.

Popliteus n.

Soleus n.

A

branches: /
e Medial Plantar Nerve Flexor digitorum longus
Adductor hallucis
Flexor diiatorum brevis Suraln,
— Flexor hallucis brevis
Lumbrical
Sensory branch
e Lateral Plantar Nerve
Lumbricals FIGURE 5-110. The Tibial Nerve.
Abductor digiti minimi

— Quadratus plantae

— Sensory branch
e Calcaneal Nerve

— Sensory branch

Tibialis posterior n.

Flexor hallucis longus n.

//
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Injury

e Tibial Neuropathy
- General
The most common tibial nerve injury occurs in tarsal tunnel syndrome. (Figure 5-111)

TABLE 5-32. Tunnel Contents

Tom Tibialis posterior
Dick Flexor digitorum longus
And Tibial artery and vein
Harry Flexor hallucis longus

- Etiology

The posterior tibial nerve can be injured
by compression under the flexor reti-

naculum.

— Clinical Presentation and Muscle floor dglonmlonss—___
Involvement Flexor hallucis 12;2;
Involves all muscles that pass through Posterior tibial a./v.
the tarsal tunnel. (see Table 5-32) Tibialis pﬁstem>
The patient may complain of symptoms Posterior fibialn.——
related to intrinsic foot weakness. Inferior extensor retinaculum

Perimalleolar pain, numbness, and Medial plantar n.

paresthesias may extend to the toes and
soles. It is reproduced by ankle inver-
sion. A positive Tinel’s sign may be
elicited at the ankle. Heel sensation may
be spared due to the calcaneal branch fatoral platar s Medial caleancal o
departing proximal to the tunnel.
— EDX Findings
NCS
SNAP: Abnormal findings in the
plantar nerves. Normal calcaneal nerve
CMAP: Abnormal findings in the
medial and lateral plantar nerves
EMG
Abnormal activity in the tibial nerve
innervated muscles
- Treatment
Interventions may include: Rehabilita-
tion or surgical release.

FIGURE 5-111. The Posterior Tarsal Tunnel.
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PERONEAL NERVE

Anatomy

¢ Origin
These nerve fibers originate from the L4-52 roots. They continue on as the sciatic nerve to
finally form the peroneal branch.

e Course
In the distal posterior thigh, the peroneal portion of the sciatic nerve branches to form the

common peroneal nerve. This travels through the popliteal fossa, winds around the fibular
head, and splits into the deep and superficial portions. (Figures 5-112 and 5-113)

Superficial Peroneal Nerve innervates the:
e Peroneus longus

e Peroneus brevis

e Medial cutaneous nerve

e Lateral cutaneous nerve

Deep Peroneal Nerve innervates the:
Tibialis anterior (TA)

Extensor digitorum longus (EDL)
Extensor hallucis longus (EHL)
Peroneus tertius

Extensor digitorum brevis (EDB)
First dorsal interossei

Dorsal distal cutaneous nerve

Lateral cutaneous n.

of calf (LCNC)\ /

Fibula. ——m8 — |

Common peroneal n.

Superficial peroneal n.

_

/

Deep peroneal n.

Peroneus longus n.

[
Peroneus brevis n:

Medial cutaneous
branch —

Cutaneous Distribution

;

Lateral

Anterior

Lateral cutaneous
branch

FIGURE 5-112. The Superficial Peroneal Nerve.

/ Common peroneal n.
/ Deep peroneal n.

>Tibialis anterior n.

Superficial peroneal n.

Extensor digitorum longus n.

Extensor

hallucis Cutaneous Distribution

longus n.

_— Peroneus
tertius n.

Extensor
/ digitorum

brevis n.

.——Istdorsal .—~DDCN

.\mterosseous n.
Dorsal digital

cutaneous n.

(DDCN)

FIGURE 5-113. The Deep Peroneal Nerve.
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ANOMALOUS INNERVATION
ACCESSORY PERONEAL NERVE

General

This nerve branches from the superficial
peroneal nerve It travels behind the lateral
malleolus to innervate all or some of the
EDB. (Figure 5-114)

EDX Findings

Stimulation behind the lateral malleolus
reveals a CMAP from the EDB. This
muscle can remain spared regardless of a
deep peroneal nerve injury.

Injury

e Peroneal Neuropathy

- General
The most common site of this nerve
injury is at the fibular head. (Figure 5-115)

— Etiology
The muscles involved include all muscles
supplied by the deep and superficial
branch of the peroneal nerve (the short
head of the biceps f. is spared). The nerve
can be injured by compression from pro-
longed leg crossing, weight loss, poor
positioning during surgery, poor cast
application, prolonged squatting posi-
tion (Strawberry pickers’ palsy) and
metabolic disorders, such as diabetes.

— Clinical Presentation
The patient may complain of weakness
of the dorsiflexors (TA, EDL, EHL

Superficial
peroneal n.\ . Superior extensor

retinaculum
Accessory deep
peroneal n.

Lateral ———
malleolus /

Accessory dee Inferior extensor

per(mea?;'l, P~ retinaculum

Extensor digitorum’
brevis

FIGURE 5-114. The Accessory Peroneal Nerve.

Posterior Lafera View

P!
%
2
%
C,
%,
%,
23 Common
e,_/ peroneal n.
Fibular head

~

GASTROCNEMH s

GASTROCNEMIUS

PERONEUS LONGUS

FIGURE 5-115. Peroneal Nerve Proximity to
the Fibula Head.

weakness), resulting in a foot drop and steppage gait. Weakness of only the dorsiflexors
and ankle everters helps to clinically differentiate a peroneal nerve injury from an L5
radiculopathy. A radiculopathy will also involve the ankle invertors. Sensory loss may
be noted over the distribution of the deep and superficial peroneal nerve.

— EDX Findings

NCS
SNAP: Abnormal findings in
the superficial peroneal nerve
CMAP: Abnormal findings
to the EDB
EMG
Abnormal activity in the
muscles innervated by the

Differential Diagnosis of Foot Drop

¢ Diffuse Polyneuropathy: Diabetes

* Mononeuropathy: Common Peroneal,
Peroneal portion of the Sciatic

® Plexopathy

¢ Radiculopathy: L4-L5

e Cerebral Involvement : Tumor, CVA, AVM, SCI

superficial and deep per-

oneal nerves. The short head

of the biceps femoris is spared.
— Treatment

Interventions may include: rehabilitation or surgical procedure.
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Deep Peroneal Neuropathy
— General
A common injury to this nerve
is associated with an anterior
tarsal tunnel syndrome. Fibula

(Figure 5-116) T~

— Etiology

Inferior extensor.
The terminal portion of the retinaculum T~
deep peroneal nerve can be

o X Dorsalis pedis a. & v.
injured by compression, from /
trauma or high heeled shoes, Extensor digitorum

: brevis n. T
as it passes under the extensor revisn
retinaculum.

- Clinical Presentation
The patient may complain of foot
weakness and atrophy (EDB
weakness). There may also be
numbness and paresthesias in
the first and second web space.
Pain may be located over the
dorsum of the foot and
relieved with motion.

- EDX Findings FIGURE 5-116. The Anterior Tarsal Tunnel.
NCS

——— Superior extensor
retinaculum

| v EOSNALXE

s00 N}\%I}I':LLNV SrIvIdIL

S
g
Z
w
e}
)
<
A
@
=
o)
Z
Q

/Tibia

SHY

Deep peroneal n.

Sensory area of
deep peroneal n.

SNAP: Abnormal findings to the first web space

CMAP: Abnormal findings to the EDB
EMG

Abnormal activity in the EDB
— Treatment

Interventions may include: rehabilitation or surgical resection.

e Superficial Peroneal Neuropathy
— General

nerve.
— Etiology

After innervating the peroneus longus brevis, the nerve descends as a pure sensory

The nerve can be injured by compression from trauma, ankle sprain, muscle herniation,
or a lipoma.

— Clinical Presentation and Muscle Involvement

Includes peroneal longus and peroneal brevis. Patient complains of loss of sensation in
distribution of superior peroneal nerve.

— EDX Findings
NCS

SNAP: Abnormal superficial peroneal nerve
CMAP: Not available
EMG

Abnormal activity in the peroneal longus or brevis if the lesion is proximal
— Treatment

Interventions may include: rehabilitation or surgical release.
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SURAL NERVE

Anato my Common

/ peroneal n.
* Origin Tibial n——"

These nerve fibers originate from branches

. Lateral sural

of the tibial and common peroneal nerve. /cutaneous n.
(Figure 5-117) \

e Course Medial sural

Calf cutaneous n.

It passes from the proximal calf to the
proximal ankle, posterior to the lateral

malleolus. It supplies cutaneous innerva-
tion to the lateral calf and foot.
Sural n.

Injury
e Sural Neuropathy

— General

This is a pure sensory nerve.
- Etiology

Sciatic n‘\

The nerve can be injured by compres-
sion from tight socks, a Baker’s cyst, or
a laceration.
Clinical Presentation and Muscle
Involvement
This is a pure sensory injury; there is no muscle involvement. The patient may complain
of abnormal sensations to the lateral calf and foot. A positive Tinel’s sign may be elicited
along the course of the nerve.
EDX Findings
NCS

SNAP: Abnormal findings in the sural nerve

CMAP: Not applicable
EMG
Not applicable
Treatment
Interventions may included: rehabilitation or surgical procedure.

FIGURE 5-117. The Sural Nerve
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]
PERIPHERAL NEUROPATHY

Definition

This pathology affects the myelin and/or axon of the peripheral nerves. If demyelination
becomes extensive it can be accompanied by mild axonal damage. Determining a primary
and predominating process is helpful in understanding the course of the disorder. The
primary process can help determine etiology of a neuropathy, while the predominant process
can help access prognosis. Two typical patterns have been described: diffuse and multifocal.

Pattern Presentation
Diffuse This essentially involves all nerves in a length-dependent fashion to a relatively
equal extent.
Multifocal This involves one or multiple nerves in an asymmetric or patchy distribution.
Etiology
There are several ways to classify peripheral neuropathies. Two systems are listed in Tables
5-33 and 5-34.

Clinical Presentation
The patient may describe a Classic Triad that presents more in the lower limbs than the upper
limbs

Sensory changes in a stocking/glove distribution
Distal weakness
Hypo/Areflexia

EDX Findings
The diagnostic criteria consists of evaluating at least three limbs. Abnormalities of SNAPs,
CMAPs, and MUAPs are dependent on the type and timing of the pathology affecting a nerve.

Special Studies
Description: Small nerve fiber abnormalities and associated autonomic dysfunction may not
be seen with conventional NCS and can require additional tests.

Autonomic Nerve Studies

Sympathetic Skin Potentials

This study is dependent on exocrine sweat glands and cutaneous innervations. Stimulation
should be performed at irregular intervals, greater than 30 seconds, to avoid a process of
habituation. The stimulus sources used are electrical, coughing, noises, breathing, or tactile.
The normal latency is 1.5 seconds in the upper limbs and 2 seconds in the lower limbs.
Sinus Arrhythmia

This cardiovagal innervation study is dependent on the normal heart rate variations that
occur with respiration via parasympathetic activity. Loss of this sinus arrhythmia repre-
sents a denervation process. The test consists of measuring the R-R ratio with an EKG
machine attached to the amplifier of the EMG.

Valsalva Ratio

During a Valsalva maneuver the heart rate varies in response to changes in blood pressure
and intrathoracic pressure via sympathetic and parasympathetic activity. Four phases are
measured using a standard EMG machine. The findings measured in Phase 2 and Phase 4
are used for monitoring. Phase 2 should demonstrate a heart rate increase and Phase 4
should demonstrate a decrease in the normal population.



PaIe[RY AIH o
JSLISI(] QWAT o
SISOPIOdIES o 9seasy(] QWA e
awoIpuAig Asoxdo e
onsedoauere | salv e
- IdUE)) o erayydi(q e
AIMDISN o 9sLISI(] S,UyoID) Agyedownwuen) o
PIOD e QUIXOPLIAJ II-NSINH o [EUODOUOIN o
SUIXOJ, o awoIpuig auosde(] e SUIXO], e AydonsLpodna e
E[0] o s,u2180l5 ddiv e OIUSSIY e AI'NSWH e
Clg UTWEHA NSH peo] e EIUWDI(] o ddi e III-NSINH .
HOLT RIX}Y §,DI9IPALL] QUNSLDUIA STIPIN ddary e I-NSINH »
SISOPIO[AWY o wnugyed-si) erAydiog e S919qeI(] o (sopIosi(] parmboy) (SI9PIOSI(] d1BUID))
A A A A
(reyuawrdag) (wroyrup)
JI0JOWILIOSUSG K10suag K108U9G < I0JON JI0JOWLIOSUDG £108U95 < 1010 10j0WIIOSUAS
SSOTTVNOXV
SSOT TVNOXV /NOLLVNITIANAA NOILLVNITIAWHA
AHLVdOYNAN TVIHHJIYAd

[ uonedyisse[) ‘ge-S H1dVL

383



384 m ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY

TABLE 5-34. Classification II

Diffuse Axonal Polyneuropathy Toxins—Heavy metals; Drugs—Vincristine, alcohol;
Deficiency—Vitamin B6 deficiency; Metabolic—Uremia, dia-
betes; paraneoplastic syndrome; Hereditary—HMSN II;
Infectious—Leprosy, HIV

Multifocal Axonal Neuropathy Microangiopathic—Vasculitis, diabetes; amyloidosis; paraneo-
plastic syndrome; Infectious—CMYV; Metabolic—Porphyria;
compression

Diffuse Demyelinating Hereditary—HMSN-I; Deficiency—Hypothyroidism; Toxic—

Polyneuropathy Amiodarone, Arsenic

Multifocal Demyelinating Autoimmune—AIDP, CIDP; Compression

Neuropathy

The following tables outline pertinent peripheral neuropatterns as they are defined by cri-
teria in Classification I; please refer to Table 5-33 as an overview for Tables 5-35, 5-36, 5-37,
5-38, 5-39, 540 and 5-41.

TABLE 5-35. Uniform Demyelinating Mixed Sensorimotor Neuropathies: Common Disorders

HMSN I: HMSN III: HMSN IV:
Disease Charcot Marie Tooth (CMT) |Déjérine Sottas Refsum’s Disease
Etiology Autosomal dominant Autosomal recessive | Autosomal recessive
Onset Early childhood Birth—infancy Approximate third decade
Clinical e Slowly progressive ¢ Severe progression | ¢ Weakness
Presentation | e Sensory loss more e Sensory loss ¢ Abnormal MSR
apparent in the lower e Weakness * Lower extremity wasting
limbs than the upper limbs | ® Abnormal MSR * Steppage gait
¢ Abnormal vibration and e Hypotonic/floppy | ¢ Ataxia
proprioception baby ® Retinitis pigmentosa
e Abnormal muscle stretch | ® Delayed milestones (night blindness)
response (MSR) ¢ Ataxia ¢ Cerebellar dysfunction
e Foot intrinsic atrophy: Pes | ¢ Pes cavus ¢ Deafness
cavus, hammer toes ¢ Kyphoscoliosis ¢ Cardiac abnormalities
e Bilateral foot drop— e Nystagmus ¢ Cataract
steppage gait e Deafness
e Stork leg appearance
e Hypertrophy of peripheral
nerves (greater auricular
nerve)
® Roussy-Levy Syndrome:
CMT associated with an
essential tremor
Labs Cerebrospinal Fluid (CSF): CSF: Increased protein | CSF: Increased protein, N Bx:
Increased Protein (N Bx): Onion bulb formation, Blood:
Onion bulb formation High phytanic acid
EDX NCS NCS NCSs
Findings SNAP: Abnormal SNAP: Abnormal SNAP: Abnormal
CMAP: Abnormal, CV CMAP: Abnormal, CMAP: Abnormal, CV is
decreased 70% *CVis<6m/s, 10 m/s
No temporal dispersion latency is 7x EMG
EMG slower than NL Normal
Normal EMG
Normal
Treatment Rehabilitation; orthotics Rehabilitation Rehabilitation; phytanic acid
absent diet

N Bx = Nerve Biopay
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TABLE 5-40. Mixed Axonal And Demyelinating Neuropathies: Common Disorders

Disease Diabetes Mellitus Uremia
Clinical e Sensory abnormalities * Occurs in 60% of patients with renal
Presentation | ® Variants: Polyneuropathy, failure
mononeuropathy, autonomic disorders, | ® Sensory abnormalities
or amyotrophy * Hypersensitivity to touch
® Most common peripheral neuropathy in | ® Associated with restless leg
North America syndrome
Labs Blood: Elevated glucose, N Bx: Small and Blood: Increased nitrogen and urea., N
large fiber abnormalities Bx: Paranodal demyelination, axon loss
EDX NCS NCS
Findings SNAP: Abnormal SNAP: Abnormal
CMAP: Abnormal CMAP: Abnormal
EMG EMG
Abnormal activity Abnormal activity
Treatment Rehabilitation: Control blood sugar Rehabilitation:. Dialysis, kidney
transplant

TABLE 5-41. Other Neuropathies
HIV

Five Major Categories

. Distal Symmetric Polyneuropathy

¢ Inflammatory Demyelinating Polyneuropathy
* Mononeuropathy Multiplex

* Progressive Polyradiculopathy

¢ Autonomic Neuropathy

Most commonly presents with demyelination
and axonal loss.

NCS
SNAP: Abnormal
CMAP: Abnormal
EMG
Abnormal activity

Rehabilitation, Medications
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NEUROMUSCULAR JUNCTION DISORDERS

Definition

These disorders hinder the production, release, or uptake of acetylcholine. A low safety factor
causes the amplitude of the end plate potentials to fall below the threshold needed to gen-
erate a muscle fiber action potential. This occurs due to an alteration of quantal response or
content. Myasthenia gravis is a disorder resulting in a decreased quantal response due to loss
of acetylcholine receptors. This leads to reduced miniature end plate potential amplitudes,
but their frequency remains normal. Lambert-Eaton Syndrome (Myasthenic Syndrome) is a
disorder resulting in decreased quantal content leaving normal miniature end plate potential

amplitudes but with decreased frequency.

TABLE 5-42 Neuromusclar Junction Disorders

¢ Exacerbated with
exercise, heat, or time of
day (evening)

e Normal MSR

. Facial or bulbar
symptoms:
— Ptosis
- Diplopia
— Dysphagia
— Dysarthria

¢ Improved with rest

¢ Edrophonium (Tensilon)
Test: 2 mg dose
followed by a 8 mg
dose, improvement
begins in 1 minute

* Mainly affects the lower
limbs (quadriceps)
Abnormal MSR
Exacerbated with rest
Improved with exercise
Viselike grip

Rarely involves the
neck, facial, or bulbar
muscles

Myasthenia Gravis Lambert-Eaton Syndrome Botulism
(LEMS)
Location Postsynaptic Presynaptic Presynaptic
Etiology e A disorder of e A disorder of e A disorder of
neuromuscular neuromuscular neuromuscular
transmission due to an transmission due to an transmission caused by
autoimmune response autoimmune response Clostridium Botulinum
against ACh receptors against the active sites toxins blocking
on the postsynaptic on the presynaptic exocytosis of ACh from
membrane membrane the nerve terminal
* Associated with thymic | ® This decreases Ca™ entry | ¢ Associated with
disorder or thymic into the cell, causing a ingestion of
tumor decreased released of contaminated raw
ACh into the synaptic meat, fish, canned
cleft vegetables, honey
e Associated with small
cell (oat cell) carcinoma
of the lung
Onset Female > Male Male < Female (>40 yrs) Begins 2-7 days after
ingestion
Clinical * Proximal fatigue and * Proximal fatigue and ¢ Bulbar symptoms are
Presentation weakness weakness noted first:

— Ptosis
- Dysphagia,
— Dysarthria

¢ GI Symptoms:
diarrhea, N/V

* Widespread paralysis
or flaccidity

¢ Abnormal MSR

® Respiratory and cardiac
dysfunction

(continued)
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TABLE 5-42 continued

¢ Anticholinesterase
drugs:
Mestinon 30 mg
q 4-6 hours

e Corticosteroids

¢ Immunosuppressive
agents

¢ Plasmapheresis

* One-third improve
spontaneously

e Corticosteroids

¢ Immunosuppressive
agents

¢ Plasmapheresis

¢ Guanidine—increases
ACh quanta

e Side effects: GI, bone
marrow suppression,
renal tubular necrosis

Myasthenia Gravis Lambert-Eaton Syndrome Botulism
Location Postsynaptic Presynaptic Presynaptic
Labs Muscle Biopsy: Simplifica- | Muscle Biopsy: Stool: Toxins noted. Blood:
tion of the postsynaptic Overdevelopment of toxins noted
membrane with loss of neuromuscular junction.
junctional folds and recep- | (Figure 5-119) Decreased
tors. (Fig. 5-118) Blood: Anti| active zones are noted
ACh receptor antibodies
EDX NCS NCS NCS
Findings SNAP: Normal SNAP: Normal SNAP: Normal
CMAP: Normal CMAP: Low amplitude CMAP: Abnormal
EMG EMG amplitude
Unstable MUAP, drop- Unstable MUAP, drop- |EMG
off occurs with off occurs with Unstable MUAP
sustained contraction sustained contraction See special studies
(Figure 5-119) See special studies
See special studies
Treatment ¢ Thymectomy ¢ Treat malignancy ¢ Treat with trivalent ABE

antitoxin
® Recovery occurs from
collateral sprouting

FIGURE 5-118. Postsynaptic Membrane
Changes. MG—Simplification of the post-

synaptic membrane. The NMJ demonstrates a

FIGURE 5-119. Unstable Motor Unit Action
Potential. Same MUAP with varying amplitudes.
This is seen in patients with MG (myasthenia

reduction in the number of postsynaptic juntional
folds. MS—Hypertrophy of postsynaptic mem-
brane; the NMJs demonstate an increase in the
complexity of the postsynaptic membrance archi-
tecture. (From Engel AG, Santa T. Histometric
analysis of the ultrastructure of the neuromus-
cular junction in myasthenia gravis and the myas-
thenic syndrome. Ann N'Y Acad Sci
1971;183:46-63, with permission.)

gravis); amplitude variations are from NMJ
blocking.
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REPETITIVE NERVE STIMULATION (RNS)
Definition

These are studies in which a repeated supramaximal stimulation of a motor nerve is performed.
A run of CMAPs are recorded for pathologic amplitude changes. Muscles should be evaluated in
a proximal progression if an abnormality is suspected, but not demonstrated. Proper setup is
essential to obtain the appropriate responses. (Figure 5-120)

TABLE 5-42 Muscle Evaluation for RNS

Progression Muscles
First ADM or APB
Second Deltoid
Third Trapezius
Fourth Orbicularis oculi
Set-up
e Immobilize the electrode
e Immobilize the limb

Stimulate at a supramaximal level
° C(?nfcro'l limb temperature (~30° C) FIGURE 5-120. Repetitive Nerve Stimulation:
* Minimize electrode gel Normal Response.

e Stop anticholinesterase inhibitors

Abnormality:
A greater than 10% decrease in amplitude from the first to fifth waveform is significant for
pathology.

Low Rate Repetitive Stimulation (LRRS)

Description: This repetitive stimulation test is performed at a rate of 2-3 Hz. Each stimulus
causes the endplate potential (EPP) amplitude to drop. If the safety factor is decreased the
potential will fall below the threshold necessary for activation. This results in a decrease of
the MUAP amplitude. (Figure 5-121)

TABLE 5-44 LRRS Amplitude Changes

Disorder Amplitude Change

Myasthenia Gravis Greater than 10% decrement

Eaton-Lambert Syndrome Greater than 10% decrement

Botulism Greater then 10% decrement
2/S

FIGURE 5-121. LRRS Decremental Response.
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Post Activation Facilitation (PAF)

After a decrement is noted with LRRS, a 10-second isometric contraction or tetany pro-
ducing stimulation (50 Hz) should be performed. PAF demonstrates a repair in the
CMAP’s amplitude with an immediate follow-up LRRS because of an improvement in
neuromuscular transmission.

Post Activation Exhaustion (PAE)

This response is seen as a CMAP amplitude decreases. It occurs with a LRRS performed
every minute for 5 minutes after an initial 3-second isometric contraction. = The greatest
dropoff is between 2—4 minutes. This test should be used if a decrement does not present

with the initial LRRS, but a diagnosis of a neuromuscular junction disorder is suspected.
(Figure 5-122)

FIGURE 5-122. Postactivation Facilitation and Postactivation Exhaustion. Repetitive nerve stimula-
tion studies in a normal subject (N) and patients with myasthenia gravis (MG) and Lambert-Eaton
Myasthenic Syndrome (LEMS). Three successive M waves were elicited by repetitive nerve stimula-
tion at a rate of 2 Hz. The three responses were superimposed. This method of display emphasizes a
change in the configuration of successive responses, but does not permit identification of the order of
the responses, In each superimposed display of three responses where the configuration did change,
the highest amplitude response was the first response, and the lowest amplitude response was the
third response. After testing the rested muscle, the muscle was forcefully contracted for 10 to 30
seconds (exercise time). The repetitive nerve stimulation was carried out again 3 s, 2 min, and 10 min
after the exercise ended. The results illustrate facilitation and postactivation depression (exhaustion).
(Reprinted with permission from Dumitru D. Electrodiagnostic Medicine. Philadelphia, Hanley &
Belfus, 1995.)
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High Rate Repetitive Stimulation (HRRS)

Description: This repetitive stimulation test is performed at a rate of 10-50 Hz. It causes an
accumulation of calcium in the cell, which assists ACh release and repairs the waveforms.

HRRS is uncomfortable and a maximal isometric contraction can serve as a substitute.
(Figure 5-123).

TABLE 5-45 HRRS Amplitude Changes

Disorder Amplitude Change
Myasthenia Gravis Decrement demonstrated
Lambert-Eaton Syndrome 200%-300% Increment
Botulism Mild increment

FIGURE 5-123. High Rate Repetitive Stimulation. I: Increment with 50 Hz stimulation. Il: Increment
with voluntary contraction (50Hz simulation/train of 50, Femoral/Rectus Femoris, 500% facilitation

Pseudofacilitation

Description: This is a normal reaction and demonstrates a progressive increase in CMAP
amplitude with HRRS or voluntary muscle contraction. It represents a decrease in temporal
dispersion and increased synchronicity of muscle fiber contraction. The waveforms pro-
duced maintain a constant area under the curve though the amplitude appears increased.
(Figure 5-124)
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FIGURE 5-124. Pseudofacilitation. Repetitive Nerve Stimulation Study in a Normal Subject. The
successive M waves were recorded with surface electrodes over the hypothenar eminence
(abductor digiti quinti) during ulnar nerve stimulation at a rate of 30 Hz. Pseudofacilitation may
occur in normal subjects with repetitive nerve stimulation at high (20-50 Hz) rates or after strong
volitional contraction, and probably reflects a reduction in the temporal dispersion of the summa-
tion of a constant number of muscle fiber action potentials due to increases in the propagation
velocity of action potentials of muscle cells with repeated activation. Pseudofacilitation should be
distinguished from facilitation. The recording shows an incrementing response characterized by an
increase in the amplitude of the successive M waves with a corresponding decrease in the dura-
tion of the M wave resulting in no change in the area of the negative phase of the successive M
waves. (Reprinted with permission from Dumitru D. Electrodiagnostic Medicine. Philadelphia,
Hanley & Belfus, 1995).

SINGLE FIBER EMG (SFEMG)
Definition

This is a study that monitors the parameters of single muscle fiber action potentials. It is
useful if repetitive stimulation of at least three muscles is normal and an abnormal diagnosis
is still suspected. Abnormalities can be associated with neuromuscular junction disorders,
motor neuron disorders, and peripheral neuropathies.
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Parameters

e Fiber Density (FD)
Description: This represents the number of Normal
single fibers belonging to the same motor
unit within the recording radius of the
electrode. The fiber density is determined
by dividing the number of single muscle
fibers action potentials at 20 sites by 20. A
fiber density of 1.5 is normal. Higher than
this represents a denervation and reinner-
vation process. (Figure 5-125) Reinnervation

o [itter
Description: During voluntary contraction
a small variation exists between the inter-
potential discharges of two muscle fibers
belonging to the same motor unit. This
variation is normally 10-60 . It is typi-
cally considered abnormal if higher than

this amount. (Figure 5-126)

® Blocking FIGURE 5-125. Increased Fiber Density. The
Description: This is an abnormality that  dots represent single muscle fibers of one
occurs when a single muscle fiber action =~ motor unit with the recording radius.
potential fails to appear. It occurs if the A. Normal muscle (Action Potentials from 1-2
jitter becomes greater than 100 . Ittyp-  fibers recorded) _ _
ically resolves in approximately 1-3 B. Reinnervation (Action Potentials from many

months, after reinnervation is completed. fibers recorded)

e

i%ET:m

FIGURE 5-126. Single Fiber EMG Recordings. Top: Superimposed view. Bottom: Rastered view.
A: Normal. B: Increased Jitter. C: Increased Jitter with blocking. (From Stalberg, E. Clinical elec-
tromyography in myasthenia gravis. J Neurol Neurosurg Psychiatry 43:622-633, 1980, BMJ
Publishing, with permission.)
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]
MYOPATHY

Definition

This is a skeletal muscle fiber disorder that can occur from a variety of etiologies. Important
factors to consider in its diagnosis are: age of onset; developmental milestones; familial

involvement; prodromal illness; and patient history. Please refer to the pediatric section for
added information on this topic.

Etiology

TABLE 5-46 Etiology of Myopathies

Dystrophic | Congenital |Metabolic Inflammatory |Endocrine | Toxic Steroid
¢ Duchenne e Central core | Acid maltase ¢ Polymyositis ® Thyroid ¢ Alcohol ¢ Cortico-
® Becker ¢ Nemaline rod deficiency Dermatomyositis |~ Parathyroid | ¢ Diuretic steroid use
¢ Limb-girdle ¢ Centronuclear | ® Myophosphorlyase | ® Sarcoidosis * Adrenal ¢ Vincristine
disorder e Fiber type deficiency e Viral Pituitary ¢ Steroid
¢ Fascioscapulo- Disproportion | ® Phosphofructo- ® Bacterial
humeral kinase deficiency | e Parasitic
* Myotonic ¢ Hyperkalemic
periodic paralysis
e Hypokalemic
periodic paralysis

Clinical Presentation

The patient may demonstrate muscle related changes presenting as: atrophy, hyper-
trophy, abnormal muscle stretch response, weakness, hypotonia, gait abnormalities, or
myotonia. Myotonia is a painless delayed relaxation of skeletal muscles following a vol-
untary contraction. It is exacerbated by cold but relieved with exercise, dilantin, pro-
cainamide, and calcium channel blockers. Arthrogryposis, which is a fixed deformity of
the extremities due to intrauterine hypomobility, may occur in newborns from
myopathies, muscular dystrophies, or oligohydramnios. A hallmark sign of myopathy is
the inability to generate a forceful contraction.
EDX Findings
NCS
SNAP: Normal

CMAP: Abnormal amplitude due to muscle fiber atrophy. Normal conduction velocity
EMG

Resting Activity: Abnormal activity (AA) depends on the type of disorder involved.
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TABLE 5-47 Abnormal Spontaneous Activity in Myopathies

Fibrillations and Positive
Sharp Waves

Complex Repetitive
Discharge

Myotonic Discharge

¢ Polymyositis

¢ Dermatomyositis

¢ Inclusion body myopathy
Trichinosis

Toxic myopathies
Direct muscle trauma
Rhabdomyolysis

Acid maltase deficiency
Myotubular myopathy
Hyperkalemic periodic
paralysis

Nemaline rod

e Sarcoid myopathy

® Muscular dystrophies

¢ Polymyositis

¢ Dermatomyositis
Muscular dystrophies
Schwartz-Jampel syndrome
Inclusion body myopathy

Myotonia congenita
Myotonic dystrophy
Paramyotonia congenita
Hyperkalemic periodic paralysis
Acid maltase deficiency
Hypothyroid myopathy
Myotubular myopathy
Chloroquine myopathy
Diazocholesterol intoxication
Polymyositis
Dermatomyositis

TABLE 5-48. Recruitment: Early Onset with Minimal Effort.

Presentation Possible Causes of MUAP Alterations

SDSA These classic polyphasic potentials are due to loss of muscle fibers

LDLA These polyphasic potenials are due to collateral sprouting

Unstable These variable amplitude potentials are due to blocking of immature neuro-
muscular junctions, which are formed at the beginning of collateral sprouting

Quantitative EMG

This study may provide a more detailed measurment of the MUAPs. It is a better indica-
tion of waveform duration, which is a sensitive parameter for diagnosing myopathies. The
mean duration is calculated using 20 MUAPs and on a screen set with a trigger and delay
line. This avoids superimposing MUAPs and falsely creating a polyphasic.

Repetative Stimulation

A normal or a decremental response can occur. This is due to the reduced safety factor
found in regenerating immature neuromuscular junctions that form during recovery or

reinnervation.

SFEMG

This can demonstrate increased jitter, fiber density, and blocking.

LABS
Muscle Biopsy

Type I Fiber Atrophy

Type II Fiber Atrophy

e Myotonic dystrophy
e Nemaline myopathy
e Fiber type disproportion

¢ Steroid myopathy
¢ Myasthenia gravis
® Deconditioning

The following tables outline pertinent myopathic patterns. Please refer to Table 5-46 as an

overview for Tables 5-49, 5-50, 5-51, 5-52, 5-53, 5-54, 5-55.




JUSUTNIY A[Teq ¥ ‘ANATOY [BULIOUqY 'V

1oy ewaded e paau AeIAl ()
surumb pue “‘unguerp ‘@prureureooxd

£1981ms
s1so1[02s dqrssod ‘GuruayiGuay

(,0€< JO dAIND © 03 anp A[rensn)
*0,G¢ MO[aq St Ayeded Tejia

uoneRYI[Iqeydy] | :suonedrpaw ‘Sumpeld UoTeIIqeyay] uopuo) ‘Supelq :UoHeIIqeYY | Y} a10Joq AID3IMS SISOI09G "UOT LII[IqeY] JusUeaI],
dVNIN VSds 98 ‘'VV eruojow
O AV VSAS ¥4 ‘(1R S1 YY) AV VSAS ¥4 ‘(11 s1VY) dVAN VSAS -/+ ¥4 (el st VV)
SS[ISTIUI PSAJOAUL 53 UT ONH ONH ONH
apmyidure paseana (JVIND apmdury 0o -/+ :JVIND apmydury 99 -/+ :JVIND apmydury paseamad -/+ :JVIND
[EWION :dVNS [EWION :dVNS [EWION ‘dVNS [ewIoN :dVNS sSurpuryg
SON SON SON SON Xais
Ppajou aq Aewr ayenyyur juawaAjoAur urydonsAp [ewIouqy :HDF "9SL[OPIY Pue MJID
Aroyeurureqjuy ‘uoneIRUISaI pue oN AydonadAy 11 odAy yym D paseanu] “(%68—%GT) paseaIdu] :poo[g "9ZIS I2qIy Ul UOTJeLIBA
SISOIDAU J3q PAINLIS "Xy SPSNIA Aydomne roqy [ adAy 'xg apsniy | unqdonsAp pasearda( 'xg opsnj | PNU [ewrdjur ‘ungdonsAp oN :Xg SN sqe]
pareds are sapsnw renooenxy e
aNIsTyM 03 AJITIqeu] e J00J qN[d 3[qISSOJ — PIO s1eak g1 Aq IIeyd[@a M e
uy erdardIp [ee — UOT)ePIL)OI [EJUIW J[ISSO] e
‘gL, ST HS: UI 159} 0} 9[OSNUI [# souereadde ,ynow yreys, — aseasIp 3un| 9ATOLISAI
pareds are sapsnur semooenxy o | :AydonsA STU0J0AA [eULSU0)) o pue Ayyedofworpred Sursned ‘SISONOdS o
Aydone remonsa, o SaNI[EWLIOUqE SULDOPUY o UOPURL, SAMPY o
Surpreq [eJuoL] o SaNI[EWLIOUqE DRIPIE)) o JSIL—Ppueg [LIqUOT]] :SAIMNIOLIUOD) e
SIWS ISIDASURI], o UOT)ePIL)OI [EJUIIA o anssy snoiqy
uorsnnoxd dr7 e SISOUOLIIOdAL] o pue 1ey ynm AydonzadAyopnasd je) o
Ayyedounay e dousjodwy e SsauyEam
(exaps A1p) spereie)) o SISO} o I0sud)xd 9awy pue dry 03 anp I00[y
(urre a4ado ) Surreds urreaioy UOISIA 100 oy woxy 3urstr A oL uSIS S,10M00) o
pue projPp yim Aydone wry e urpreq [ejuoI] o anda (sTeaky >) Sururuni Aswmp ‘(s1eak
SUIPIULIM PEIAIO) LA\ o (193985t pue sieroduwa) ey UonepIejar [eJudul SS9 e | G >) SUD[eM 90, :SONNOYIIP UOHRNqUIY o
3uISod 943 Yeap\ e A jo 3unsem) ade] 19UYDILL] e Ayyedofworpre)) SISOPJIO[ Jequin| paseanu] e
dooip [ene] o du8 paureisns yym eruojofw AydonradAyopnasd jie) e VASIA [BULIOUQY e | UOI}RUISAIAJ
SSU[LIM J[IOSNUW [EWIXOL] [eWIXOL] < [RISI(] :SSOUNLIA) o SSIU[EAIM [EWIXOL] e | (A[PIS d1A[2d) SSaULIM S[OSNUW [EWIXOL] o resturp)
S9SN 1930 0} speardg aarssardord Aimolg (S0Z Aq qyeap) aarssardord A[praaag 3smo)
Jnpe AL1es-pooypiyd jueuy pooyinpy PIO s1eak 6—¢ jPsuQ
JURUTWOP [EW0SO)NY JURUTWOP [EWOSO)NY JAISSIIAI PAUI[-X snoauejuods ‘(1zdx) 9AISS9091 paUI[-X ASorong
HSA AydonsAq | (uowrurod jsowr puodas) (S,}19UId)S) (AyyedoAwr uourwod jysour) IdpIOSIQ
rexsuwmyorndessomsey Aydoxns£q >1uojoA A Aydoxns£q rernasnyp 135pg Aydons£q renasnjy suuaydng
67-S H1dVL

slaplosig uowwo) :saiyjedoApy siydonsiqg

399



SI9PIOSTP UOWIWOD)

:sanqyedoL N A1oyeurwrepyur uoredIpaw
Sumreiq “uonyeriqeyay QINZIDSIIUY “UOTRI[IqeYy] A1981ms “uonyeIqeyy Suneig judurjeany,
dVAIN vSas ¥4 dVNIN VSAs ¥4 'VV VAW VSds ¥4 dVNIN vSAs ¥4 sSurpury
ONH ONH ONH ONH Xdaid
s1aqry [ 9dAT, a8xe|
0} ewrzou pue [ adA[ [rews sureyd SunuIoy “IBPNU gy UTE}S SWIOIYDLI} LIOWOD) UO |  BLIPUOYDOJIW JUIsqy 's1aqy [ odAT,
snorowmy :Asdorq apsnjy | Jo uonedo[ renua)) :Asdorq spsny sarpoq padeys poy :Asdoiq apsniy UI $9100 [enjud)) :Asdorq Spsn sqeq
pareds NOF do1p 1007
Aouadrpnsur A1ojerrdsay e amyrey Arojerrdsay yjeaq e erunayrad Ay
erdeydsAq e ayered payore Y31 e JUeUSIeW Y)IM PaJeOossy .
er3ordip [eeq o d0ey 3UO[ POMOIIEN e SOUO0)SI[IW PIAR[R( e
Suoryedo[SIp dIf] e | JUSUIDA[OAUL S[ISNWI JE[NDO BIXT e JUSWSAJOAUI [EIDE] uoryedo[sip diy [eua8uo)) e
samyoenyuod dif e SISO} e SSIUEOM ISTJI(] o SSIUNEOM [PWIXOL] e | UOHRIUISIIJ
eruojodAy /yueyur Addof] eruojod Ay /yueyur Addo[] e eruojod Ay /jueyur Addor] e eruojod Ay /jueyur Addo[] e [ea1ur))
Aoueyur Aoueyur Aoueyuy Aoueyuy 1asuQ
J[qerrep JAISSIDAL PAUI[- X JAISSIDIIL /JURUTLLIOP [LWOSOINY JUBUTWOP [eWOosONy |  ATejipamdy
uonrodoxdsiq adAy 1oqry Ie[NqNJOAJAl IEI[PNUONUD)) AyyedoAA poy surfewaN 3sedsI(] 10D [EXU)D) 19pIosIq
05-S H1dVL

siapJosig uowwoy) :saiyredoAp jeyuabuon

400



ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY = 401

Inflammatory Myopathies
TABLE 5-51
Disorder Polymyositis/Dermatomyositis Inclusion Body Myositis
Etiology Autoimmune, connective tissue disorder,
infection, cancer Unknown
Clinical * Symmetrical proximal weakness: Hips | ® Asymmetric, slowly progressive,
Presentation followed by shoulders painless weakness in proximal and
e Neck flexion weakness distal muscles
¢ Myalgias, dysphagia, dysphonia e Associated with a polyneuropathy
¢ No facial or ocular muscle weakness
* Dermatimyositis: (includes)
— Periorbital violet rash and edema
— Gottron’s sign: red-purple patches
over the knuckles, elbows, knees
Labs Blood: Increased CPK, ESR, Aldolase, Blood: Increase in CK, Muscle BX:
SGOT, SGPT, LDH, Muscle Biopsy Rimmed or cytoplasmic/basophilic
Necrosis of the Type I and II fibers. vacuoles. Eosinophilic inclusion bodies
Perifascicular atrophy
EDX NCS NCS
Findings SNAP: Normal SNAP: +/-Abnormal
CMAP: Normal CMAP: +/-Abnormal
EMG EMG
AA (most commonly in the AA, ER, +/-SDSA MUAP
paraspinals), ER, SDSA MUAP
Treatment Rehabilitation: corticosteroids, cytotoxic | Rehabilitation: this condition is refractory
agents, plasmapheresis, rest to steroid treatment

Metabolic Myopathies: Common Disorders

TABLE 5-52
Characteristics| McArdle’s Disease (Type V) Pompe’s Disease (Type II)
Etiology Autosomal recessive Autosomal recessive
Myophosphorylase deficiency Acid maltase deficiency
Onset < 15 years of age. Infant-adult
Clinical ¢ Exercise intolerance ¢ Hypotonia
Presentation | ¢ Easy fatigability ¢ Tongue enlargement
* Muscle stiffness ¢ Cardiomegaly
e Cramping e Hepatomegaly
¢ Second-wind phenomenon: Brief rest | ® Respiratory insufficiency
improves symptoms ® Death by 2 years of age
e Strenuous exercise can precipitate ¢ A milder form may affect adults
myolysis. (Possibly cause renal failure
and death)
EDX NCS NCS
Findings SNAP: Normal SNAP: Normal
CMAP: Normal CMAP: Normal
EMG EMG
Electrical silence during attacks AA, ER, SDSA MUAP
(contracture)
Labs Urine: Myoglobinuria; muscle biopsy: Blood: Increase CK during the attacks,
Excess glycogen, absent phosphorylase | nerve biopsy vacuoles in Type I and II
fibers
Treatment Supportive Supportive




juawaddns Y 3910 ayerpAyoqred y3ipy 391 juaur)eary,

rewrou Asdorq apsnur ‘wmnissejod mor :poorg pee ay3 Sunnp Y Y3iH :poolg sqeq
9OURIS (DL} SPene ue Sunmgg VV dVOIAN ‘'VSAS ¥d SPene ue Suumg
ONA ONA
[BWLION :dVIND [BWLION :dVIND
[BWION ‘dVNS [BWION ‘dVNS
SON SON sSurpurd Xad

9sIaXd 3UIMO[[0F
3s91 pue ammsodxa prod YIrm pajeqiadexyg
ISIDIOXD YIIM pajIoqe aq AC

191p 9jeIpAyoqred Y31 e pue ‘Ssanjs ‘9SIDIaXa I9)Je 1SI UM pajeqradexy . sanuIwWw ()9—0[ IS SYOLNVY .
SPI[PAD 91} UI Uaas eTUOjOAIA o PIUOJOAIA o
SIOY $Z—¢T ISe[ SPeNny . squui] Iomo] pue sdiy a3 Jo sersayisare] e UOT}BJUISIL ]
Aqrewrxoxd speaids pue s3] 93 UI S}ILIS SSSUNLIA o SSAULIM S[OSNUI [RWIXOI] e resrurp)
9pEI9p PU0IAS A[IELd UI S}ILIG PP PUOIIS—POOYPIYD 1asuQ
sasned Arepuodas aydnin sasned Arepuodas aydnin
JUBUTWOP [EWOSOINY JUBUTWOP [EWOSOINY A3o10117
sisATered srporrad srwaesjodAy stsATexed drporrad srwapesprad A SOTISLIdPRIRYD)

€6-G H1dVL

sJopJosig uowwo?) :sishjeied osipoliad
salyjedoAp\ s1joqelap

402



ELECTRODIAGNOSTIC MEDICINE/NEUROMUSCULAR PHYSIOLOGY = 403

Myotonic Myopathies: Common Disorders

TABLE 5-54
Characteristics| Myotonia Congenita Paramyotonia Congenita
(Thompson’s Disease) (Little Hercules) | (Eulenburg)
Etiology Autosomal dominant Autosomal dominant
Onset Birth-adulthood Birth-adulthood
Clinical ¢ Severe spasms exacerbated by the e Stiffness
Presentation cold * Weakness
e Improves with warmth and exercise | Fatigue
* Muscle hypertrophy ¢ Myotonia
¢ Myotonia ¢ Exacerbated with cold and exercise
* No weakness
Labs Blood: CK—normal Muscle biopsy: Fiber size variation
EDX Findings | NCS NCS
SNAP: Normal CMAP Normal SNAP: Normal
EMG CMAP: Decreased with cooling
AA (myotonic discharges, no fibs, no EMG
pos. waves) normal recruitment, normal | Electric silence or AA with cooling.
MUAP
Treatment Medication: PDQ Warm extremities

Steroid Myopathy

TABLE 5-55
Characteristics | Steroid
Etiology Due to corticosteroid use
Onset Weeks to years post use
Cinical Proximal muscle weakness
Presentation
Labs Muscle biopsy: Type II atrophy
EDX Findings | NCS

SNAP: Normal

CMAP: Normal

EMG

Normal

Treatment Rehabilitation: Stop steroids
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]
MOTOR NEURON DISEASE

Definition

This is a disorder resulting from the progressive degeneration of the motor neurons in the
spinal cord, brainstem, or motor cortex. It manifests as muscular weakness and atrophy with
varying corticospinal tract signs. See Pediatric section for further information.

Etiology

TABLE 5-56 Motor Neuron Diseases

Lower Motor Upper and Lower Motor Upper Motor

Neuron Lesion Neuron Lesion Neuron Lesion

Spinal muscle atrophy (SMA) Amyotrophic lateral sclerosis Primary lateral sclerosis
Poliomyelitis/ postpolio syndrome | (ALS)

Clinical Presentation

LMN vs. UMN Signs

TABLE 5-57 Signs: LMN vs. UMN

Lower Motor Neuron Upper Motor Neuron
Atrophy Weakness
Flaccidity Spasticity
Hyporeflexia Hyperreflexia
Fasciculations Up-going plantar response
EDX Findings
NCS

SNAP: Normal
CMAP: Normal early. Possible decreased amplitude or conduction velocity

EMG

Resting activity: Abnormal activity (AA) depends on the type of disorder involved
Recruitment: Decreased (DR)

TABLE 5-58 Abnormal Spontaneous Activity in Motor Neuron Disease

Fibrillations and Positive Sharp Waves | Fasciculations Complex Repetitive Discharge
* SMA Type ] * ALS e SMA Type III

e SMA Type II ¢ Poliomyelitis

e SMA Type III ¢ Postpolio syndrome

e Amyotrophic Lateral Sclerosis (ALS)

e Poliomyelitis

The following tables outline pertinent motor neuron disease patterns. Please refer to
Table 5-56 as an overview for Tables 5-59 and 5-60.
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FIGURE 5-127. Post Poliomyelitis Progressive Muscular Dystrophy. (From Stalberg, E. Clinical elec-
trophysiology in myasthenia gravis. J Neurol Neurosurg Psychiatry 43:622-33, 1980, with permission.)

]
WEAKNESS: DIFFERENTIAL DIAGNOSIS

TABLE 5-61
UMN signs —» Cerebrum, —> Tumor,
brain stem, syrinx,
spinal cord multiple sclerosis
(+) Sensory
changes
LMN signs —» Peripheral nerve —> Neuropathy
Weakness
UMN signs —» Anterior horn cell, —» Amyotrophic lateral
A cortical spinal tract sclerosis
(-) Sensory
changes

—> Anterior horn cell —> Poliomyelitis

v ™ Neuromuscular —> Myasthenia gravis,
junction Lambert-Eaton syndrome
LMN signs
> Pain  —> Polymyositis
—> Muscle

—> Painless —> Myopathy
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PROSTHETICS AND ORTHOTICS

Heikki Uustal, M.D. and Edgardo Baerga, M.D.

[]
GAIT ANALYSIS

TERMINOLOGY:
Gait cycle (Figure 6-2, Table 6-3)

A single sequence of functions of one limb is called a gait cycle. It is essentially the functional
unit of gait. The gait cycle has two basic components, the swing phase and the stance phase.

e Stance: phase in which the limb is in contact with the ground

* Swing: phase in which the foot is in the air for limb advancement.

A gait cycle is also referred to as a stride.

Stride (Stride length): Linear distance between corresponding successive points of contact
of the same foot (e.g., distance measured from heel strike to heel strike of the same foot)
(Figure 6-1)

Step (Step Length): Linear distance in the plane of progression between corresponding suc-
cessive contact points of opposite feet (e.g., distance measured from heel strike of one foot
to heel strike of the other foot). Normally, the step length is approximately 15-20 inches.
(Figure 6-1)

Each stride comprises two steps.

| STEP

=

O srpe — 10

FIGURE 6-1. Step and Stride.

Stance phase can be subdivided into:
1. Initial contact
2. Loading response

409
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3. Midstance

4. Terminal stance

5. Preswing
Remember: “I Like My Tea Pre-sweetened”
Swing phase subdivisions:

1. Initial swing

2. Midswing

3. Terminal swing
Remember: “In My Teapot”

Stance phase

Sub-phases/events

1. Initial contact—Instant the foot contacts the ground

2. Loading response—Time period from immediately following initial contact to the lift
of the contralateral extremity from the ground, during which weight shift occurs

3. Midstance—Time interval from lift of the contralateral extremity from the ground to
the point where the ankles of both extremities are aligned in the frontal (or coronal)
plane

4. Terminal stance—Period from ankle alignment in the frontal plane to just prior to
initial contact of the contralateral (swinging) extremity

5. Prewing—Time interval from initial contact of the contralateral extremity to just prior
to lift of the ipsilateral extremity from the ground (unloading weight)

Swing phase

Subphases/events
1. Initial swing—Lift of the extremity from the ground to position of maximum knee
flexion
2. Mid swing—Immediately following knee flexion to vertical tibia position
3. Terminal swing—Following vertical tibia position to just prior to initial contact

TABLE 6-1. Gait Cycle Phases/Events

New terminology Old (traditional) terminology

(Figure 6-2A) (Figure 6-2 B)

Initial contact Heel (foot strike) strike

Loading response Foot flat

Midstance Midstance STANCE PHASE
Terminal stance Heel off

Preswing Toe off

Initial swing Acceleration

Midswing Midswing SWING PHASE
Terminal swing Deceleration
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NEW
A GAIT Inital Loading  Mid- Terminal Initial Mid- Terminal
TERMS Contact Response stance Stance Preswing Swing Swing  Swing
T T T ¥ T 9 ] Y
CLASSIC  Heel Foot Midstance Heel Toe Midswing Heel
B GAIT Strike  Flat oOff oOff Strike
TERMS Acceleration Deceleration
‘ STANCE PHASE i SWING PHASE
C 0 10 20 30 40 50 60 70 80 90 100
% of GAIT CYCLE

FIGURE 6-2. Gait Cycle: A: New Gait Terms. B: Classic Gait Terms. C: The normal distribution of

ti

me during the gait cycle at normal walking speed. (lllustration courtesy of Carson Schneck, M.D.)

Normal step length = 38cm; normal base of support (distance between heels) = 6-10cm
The normal distribution of time during the gait cycle at normal walking speed is 60%
for stance phase and 40% for swing phase. Walking faster decreases the time spent in stance
phase (increasing time spent in swing phase). (Figure 6-2 C)

Double-limb support: period during which both feet are in contact with the floor. Both the
beginning and the end of the stance phase are considered to be double-support period.
Single- limb support: period starts when the opposite foot is lifted for the swing phase
Double-support usually comprises 20% of the normal gait cycle vs. 80% of single-limb
support. The amount of time spent during double-limb support decreases as the speed of
walking increases. Walking is differentiated from running, because in the latter there is no
double-support period.

Cadence: Number of steps per unit of time.

Comfortable walking speed = 80 m/min or 3 mph. Speed slows by either reducing the
cadence or by decreasing step or stride length.

Center of gravity (COG)—located 5 cm anterior to second sacral vertebra. The COG is dis-
placed 5 cm (< 2 in.) horizontally and 5 cm vertically during an average adult male step.
Base of Support: defined as the space outlined by the feet and any assistive device in
contact with the ground. Falling is avoided if the COG remains positioned over the base
of support.

DETERMINANTS OF GAIT (SAUNDERS 1953) (TABLE 6-2)

These factors are applied in normal human gait to minimize the excursion of the body’s
center of gravity and help produce forward progression with the least expenditure of energy.
The six determinants of gait are

1. Pelvic rotation

Pelvic tilt

Knee flexion in stance phase

Foot mechanisms

Knee mechanisms

Lateral displacement of the pelvis

AN N
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TABLE 6-2. Determinants of Gait

1. Pelvic rotation

2. Pelvic tilt

3. Knee flexion in stance

4. Foot mechanisms (ankle flexion/
extension mechanisms)

5. Knee mechanisms

6. Lateral displacement of the pelvis

The pelvis rotates medially (anteriorly) on the swinging-
leg side, lengthening the limb as it prepares it to accept
weight. With 4° pelvic rotation in either direction during
double support, the limbs are essentially lengthened in the
would-be lowest point of the gait cycle (preventing a
sudden drop of the COG).

The pelvis on the side of the swinging leg (opposite to the
weight-bearing leg) is lowered 4°-5°, which lowers COG
at midstance

Early knee flexion = knee flexion at foot strike (15°). The
bending of the knee reduces the vertical elevation of the
body at midstance (would-be highest point in the gait
cycle) by shortening the hip-to-ankle distance. This lowers
the COG (by minimizing its vertical displacement)
decreasing the energy expenditure. It also tends to absorb
the shock of impact at heel strike by lengthening the
contraction of the quadriceps.

At heel strike, ankle plantar flexion smoothes the curve
of the falling pelvis. It is associated with controlled
plantar flexion during the first part of stance.

After midstance, the knee extends as the ankle plantar
flexes and the foot supinates to restore the length to the
leg and diminish the fall of the pelvis at opposite heel
strike.

There is displacement toward the stance limb
The net COG of the body must lie above the base of
support (the stance foot).

Determinants 1-5 reduce displacement on the vertical plane.
Determinant 6 reduces displacement on the horizontal plane.
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GAIT PATHOLOGY AND PROBABLE CAUSES (TABLE 6-4.)

TABLE 6-4
Gait Pathology Probable Causes
1. Foot strike to foot flat
- Foot slap Moderately weak dorsiflexors
2. Foot strike through midstance
— Genu recurvatum Weak, short, or spastic quadriceps; compensated hamstring
weakness; Achilles tendon contracture; plantarflexor spasticity
— Excessive foot supination Compensated forefoot valgus deformity; pes cavus; short limb;
uncompensated external rotation of tibia or femur
— Excessive trunk extension Weak hip extensor or flexor; hip pain; decreased knee ROM
— Excessive trunk flexion Weak gluteus maximus and quadriceps
3. Foot strike through toe off
— Excessive knee flexion Hamstring contracture; increased ankle dorsiflexion; weak
plantar flexor; long limb; hip flexion contracture
— Excessive medial femur Tight medial hamstrings; anteverted femoral shaft; weakness of
rotation opposite muscle group
— Excessive lateral femur Tight hamstrings; retroverted femoral shaft; weakness of
rotation opposite muscle group
— Increased base of support Abductor muscle contracture; instability; genu valgum; leg
length discrepancy
— Decreased base of support Adductor muscle contracture; genu varum
4. Foot flat through heel off
—Excessive trunk lateral flexion | Ipsilateral gluteus medius weakness; hip pain
(Trendelenburg gait) (see below)
—Pelvic drop Contralateral gluteus medius weakness
-Waddling gait Bilateral gluteus medius weakness
5. Midstance through toe off
— Excessive foot pronation Compensated forefoot or rearfoot varus deformity;
uncompensated forefoot valgus deformity; pes planus; decreased
ankle dorsiflexion; increased tibial varum; long limb;
uncompensated internal rotation of tibia or femur; weak tibialis
posterior
— Bouncing or exaggerated Achilles tendon contracture; gastroc-soleus spasticity
plantar flexion
— Insufficient push-off Gastroc-soleus weakness; Achilles tendon rupture; metatarsalgia;
hallus rigidus
— Inadequate hip extension Hip flexor contracture; weak hip extensor
6. Swing phase
- Steppage gait Severely weak dorsiflexors; equinus deformity; plantarflexor
spasticity
— Circumduction Long limb; abductor muscle shortening or overuse
— Hip hiking Long limb; weak hamstring; quadratus lumborum shortening

(Tan, 1998 p. 65)
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Trendelenburg gait (gluteus medius gait):

* When the hip abductor muscles (gluteus medius and minimus) are weak, the stabilizing
effect of these muscles during gait is lost.

¢ E.g., Stand on right leg, if left hip drops, then it’s a + right. Trendelenburg (the contralat-
eral side drops because the ipsilateral hip abductors do not stabilize the pelvis to prevent
the droop).

¢ When patient walks, if he swings his body to right to compensate for left hip drop, he will
present a compensated Trendelenburg; the patient exhibits an excessive lateral lean in
which the thorax is thrust laterally to keep the center of gravity over the stance leg.

Energy Expenditure During Ambulation:
Energy Expenditure of Different Levels of Amputation/Etiologies vs. Normal Controls
During Ambulation (Tables 6-5 and 6-6)

TABLE 6-5 Energy Expenditure of Different Levels of Amputation

Level of Amputation Increased Metabolic Cost Above Normal
Syme’s 15%

Traumatic TT (BKA) 25%

Traumatic TF (AKA) 68%

Vascular TT (BKA) 40%

Vascular TF (AKA) 100%

TT= transtibial
TF= transfemoral

TABLE 6-6 Energy Expenditure of Traumatic Amputees

Level of Amputation Increased Energy Expenditure above normal
(Correlates with traumatic amputee)
BKA 20%-25%

(Short BKA—40%
Long BKA—10%)

BKA + BKA 41% (Gonzalez 1974)
AKA 60-70%

AKA + BKA T 118% net cost (Traugh 1975)
AKA + AKA >200%

(260% Huang 1979)

(Traugh, 1975; Gonzalez, 1974; Tan, 1998; Huang, 1979)

Energy demands required to return to normal ambulatory functions are high
Even the healthiest amputees cannot achieve normal gait in terms of velocity, cadence, or
energy consumption

Wheelchair propulsion (Cerny et al 1980)

e Investigated the use of wheelchair as alternatives to ambulation in patients with para-
plegia

e In the subjects studied, there was only 9% increase in energy expenditure (compared to
ambulation in normal subjects)
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Crutch Walking

¢ Crutch walking: requires more energy than walking with a prosthesis
® Muscles that need strengthening in preparation for crutch walking:

Latissimus dorsi
Triceps

Biceps

Quads

Hip Extensors
Hip Abductors

PROSTHETICS

DEFINITION

Prosthesis—A prosthesis is an artificial substitute for a missing body part

UPPER-LIMB PROSTHETICS
Acquired upper-limb amputations

Most common causes

1. Trauma is the leading cause of acquired amputation in the upper extremity (approxi-
mately 75%), occurring primarily in men aged 15 to 45 years.

2. Cancer/tumors
3. Vascular complications of diseases

Standard levels of arm amputation and
exceptions to their use.

In the upper extremity, the following are the

preferred levels of amputation: (Figure 6-3)

. Transphalangeal

. Transmetacarpal

. Transcarpal

Wrist disarticulation

. Transradial (below elbow) amputation

. Elbow disarticulation

. Transhumeral (above elbow) amputa-
tion—6.5cm or more proximal to the
elbow joint

8. Shoulder disarticulation

9. Forequarter amputation

N oUW N =

Finger amputation (transphalangeal) can occur
at the distal interphalangeal, proximal interpha-
langeal, and metacarpophalangeal levels

Transmetacarpal amputation and wrist amputa-

tion are seen less because they have decreased

functional outcomes

e Multiple finger amputations, including thumb
and partial hand amputation, and those
through the wrist, need to be considered care-

Forequarter

Shoulder disarticulation

Transhumeral

Elbow disarticulation

Transradial

Wrist disarticulation
Transcarpal
Transmetacarpal

Transphalangeal

FIGURE 6-3. Levels for Amputation (new
terminology). (From Braddom R.L. Physical
Medicine and Rehabilitation, Philadelphia W.B.
Saunders, 1996. Reproduced with permission.)
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fully in view of the possible functional and cosmetic implications of prosthesis fitting and
restoration. Inappropriate choice of amputation site can result in a prosthesis with dispropor-
tionate length or width

e Partial hand amputation should be carefully planned to ensure adequate residual sensa-
tion and movement. For these amputations a prosthesis may not be necessary. Surgical
reconstruction may be a more appropriate choice of treatment to preserve or enhance func-
tion while maintaining sensation in the residual partial hand. There is little point in sal-
vaging a partial hand if no metacarpals are present to provide pinch.

Wrist disarticulation

A wrist disarticulation spares the distal radial ulnar articulation and thus preserves full
forearm supination and pronation

Socket designs for this level are tapered and flattened distally to form an oval that
allows the amputee fully to use active supination and pronation, thus avoiding having
to preposition the terminal device for functional activities

A special thin wrist unit is used to minimize the overall length of the prosthesis because
of the extremely long residual limb

If cosmesis is of importance to the amputee, a long below elbow amputation may be a
more appropriate amputation level.

Transradial / below-elbow (BE) amputation

The transradial amputation is preferred in most cases

It can be performed at three levels: (Figure 6—4)

1. very short—residual limb length of less than 35%

2. short—residual limb length of 35% to 55%

3. long—residual limb length of 55% to 90%

The long below-elbow residual limb retains from 60° to 120° degrees of supination and
pronation, and the short below-the-elbow residual limb retains less than 60°.

The long forearm residual limb is thus preferred when optimal body powered prosthetic
restoration is the goal. It is the ideal level for the patient who is expected to perform
physically demanding work.

A residual limb length of 60% to 70% is preferred when optimal externally powered
prosthetic restoration is the goal. This length typically permits good function and
cosmesis.

The short and very short transradial amputation level can complicate suspension and
limit elbow flexion strength and elbow range of motion

Transradial amputation is the most common level and allows a high level of functional
recovery in the majority of cases.

Elbow disarticulation (Figure 6-—4)

The elbow disarticulation has some surgical and prosthetic advantages and disadvan-
tages.

Pros: The surgical technique permits reduction in surgery time and blood loss, provides
improved prosthetic self-suspension (by permitting the use of a less encumbering
socket), and reduces the rotation of the socket on the residual limb, as compared with
the transhumeral level of amputation.

Cons: Major disadvantages are the marginal cosmetic appearance caused by the neces-
sary external elbow mechanism, as well as the current limitations in technology that
impede the use of externally powered elbow mechanisms at this level of amputation.
These drawbacks often outweigh the advantages in the long run.

In the patient for whom bilateral transhumeral amputation is the alternative, the elbow
disarticulation is the more desirable level when feasible in spite of the possible cosmetic
problems.
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Transhumeral/above-elbow (AE) amputation
— The transhumeral amputation can be per-
formed at three levels: (Fig 6—4) N e Dissriculsten
1. humeral neck—Residual limb length of less ‘ )
than 30% [residual limb (humerus) length]

2. short transhumeral—Residual limb length of
30% to 50%

3.standard transhumeral—Residual limb
length of 50% to 90%.

— Longer residual limb length (up to 90% of
humeral length) will give best control and func-
tion with a prosthesis

— These three amputation levels in most cases
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— Inabove-elbow amputations with residual limb
lengths greater than 35%, usually the proximal
trim line of the socket extends to within 1 cm to
the acromion, and the socket is suspended by
either a figure-eight or shoulder saddle and
chest strap suspension systems.

— Sockets for residual limbs shorter than 35%
should have the proximal trim line extend 2.5

cm. medially to the acromion. FIGURE 6-4. Levels of upper
extremity amputation. (A/E = above
Shoulder disarticulation and forequarter amputa-  elbow, B/E = below elbow)

tions (Figure 6-4)

— Fortunately, the shoulder disarticulation and
forequarter amputations are seen with less frequency than amputations of other levels

— In most cases, they are made necessary as part of the surgical intervention to remove a
malignant lesion

— Patients with these levels of amputation are the most difficult to fit with a functional
prosthesis, due to the number of joints to be replaced and the problems related in main-
taining secure suspension of the prosthesis

— For shoulder disarticulation and forequarter amputations, the socket extends onto the
thorax to suspend and stabilize the prosthesis

— Prosthetic replacement in these cases is more successful in those who are young, healthy,
and male

— Prosthetic components are similar to those of the transhumeral prosthesis, with the
addition of the shoulder unit, which allows passive (active mechanisms used less often)
positioning of the shoulder joint in flexion extension and adduction-abduction

— The joint may be provided with controls, in addition to the body-powered or externally-
powered control mechanisms needed for the elbow, wrist, and hand

— Functional prosthetic use in the forequarter amputation is less successful because sus-
pension is difficult to maintain. In some cases, a better option is to provide a passive,
cosmetic prosthesis. Special consideration should be made for providing a shoulder cap
to allow the patient to wear clothing more easily and improve cosmesis. The use of an
ultralight passive prosthesis is usually well accepted in these patients.
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Prosthetic Components for Transradial/Below-Elbow (BE) and Transhumeral/Above-
Elbow (AE) Amputations

Prosthetic components include terminal devices, wrists, elbows, and shoulders

Terminal devices (TD)

— Most patients who suffer an upper-limb amputation and undergo prosthetic restoration
require a terminal device for their prosthesis; they are used in all upper-limb prostheses
for amputations at the wrist level and above

— TDs lack sensory feedback and have limited mobility and dexterity

— There are a variety of prosthetic terminal devices available and include passive, body-
powered, and externally powered hooks and hands

1. Passive TDs
— Lighter
- Have no functional mechanisms and provide no grasp
a. Passive hand
¢ Intended for cosmetic use only
b. Flexible passive TDs
¢ Mitt-shaped TDs used to absorb shock and store and release energy during sports
and other activities

2. Body-powered terminal devices (hooks or hands) can be voluntary-opening or voluntary-
closing types

— Prosthetic hands provide a three-jaw chuck pinch (three-jaw chuck involves grip with the
thumb and index and middle fingers)

— Hooks provide the equivalent of lateral or tip pinch (In the normal hand, lateral or key
grip involves contact of the pulp of the thumb with the lateral aspect of the corre-
sponding finger)

a. Voluntary-opening (VO) terminal device

. Most common and practical type

¢ Device maintained in closed position by rubber bands or tension springs.

¢ The amputee uses cable-control harness powered by proximal muscles to open the
terminal device against the force of the rubber bands or spring

¢ To grasp, patient releases the opened terminal device on an object; the rubber
bands or spring provide the prehensile force

¢ The pinch force is determined by the number and type of rubber bands or springs
(each rubber band provides about one pound of pinch force)

¢ To control the amount of prehensile force, the patient must generate a continued
opening force

b. Voluntary-closing (VC) terminal device

¢ More physiological function than voluntary opening

¢ Device is maintained in an open position and has to be closed voluntarily by
pulling with the cable on the harness system to grasp an object

¢ Torelease, the patient releases the pull on the harness, and a spring in the terminal
device opens it

¢ The maximum prehensile force is determined by the strength of the individual

¢ Disadvantage: prolonged prehension requires constant pull on the harness,
heavier and less durable than voluntary opening units.

3. Externally powered (electric-powered) TDs
— Are controlled by switches or myoelectric signals and are powered with energy pro-
vided from external batteries.
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— The electric-powered TD can be handlike (ie., Otto Bock system electric hands or Steeper
electric hands) or nonhandlike in appearance (Otto Bock Greifer hand, Hosner NU-VA
synergistic prehensor and Steeper powered gripper)

a. Myoelectric-controlled TDs
— Use surface electrodes placed on the muscles of the residual limb.
— Devices can have a digital or proportional control system
¢ digital control system—on/off system
¢ proportional control system—the stronger the muscle contraction producing the
signal, the faster the action
b. Microswitch-controlled TDs—use either a push-button switch or a pull-switch to activate
the TD

Prosthetic wrist units

— Wrist units are used for attaching terminal devices to prostheses as well as providing
pronation and supination to place the terminal device in its proper position.

— The rotation function is passive; the amputee rotates the terminal device in the wrist
unit with his sound hand or by pushing against a part of the body or other surface to
produce either pronation or supination. The wrist unit also permits interchange of the
terminal devices.

* Two types of wrists: friction or locking

1. Friction wrists permit pronation and supination of the terminal device and hold it in a
selected position by means of friction derived from a compressed rubber washer or from
forces applied to the stud of the terminal device.

2. Locking wrists permit manual rotation and then lock the terminal device in its fixed
position.

— Advantage: The locking mechanism prevents inadvertent rotation of the TD in the wrist
unit when a heavy object is grasped.

e Two types of wrist-flexion units are also available: add-on and combination

— Add-on is worn between the wrist and the terminal device and allows manual posi-
tioning of the terminal device in either the straight or the flexed position.

— Combination type combines a friction wrist and a wrist-flexion component in one and
provides for setting and locking in one position.

— Electric wrist rotator units are also available and are generally considered for bilateral
upper-extremity amputees.

Transradial / Below-Elbow (BE) Amputation Prostheses

In addition to the components discussed above, a transradial amputee needs a socket, elbow-
hinge, an upper arm cuff, and a harness and control system.

BE Sockets

— The socket must provide a comfortable but stable, total contact interface with the
residual limb (avoiding inadvertent motion and precluding uncomfortable concentra-
tions of pressure), efficient energy transfer from the residual limb to the prosthetic
device, secure suspension and adequate appearance.

— To accomplish these goals, most sockets are double walled with the inner wall giving
total contact fit and the outer wall matching the contour and the length of the con-
tralateral forearm.

— Proximally, the socket extends posteriorly to the olecranon and anteriorly to the elbow
crease. The shorter the residual limb, the closer is the trimline to the crease.
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1. Split socket
Split socket consists of a total-contact segment encasing the residual limb and connected
by hinges to a separate forearm shell to which the wrist unit and the terminal device are
attached. It is sometimes used in patients who have very short stumps so that the special elbow
hinges can be used to increase available joint range of motion or to incorporate an elbow-
lock mechanism in the prosthesis.

2. 0 Muenster socket (self-suspended socket) (Figure 6-5)

— An alternative to the split socket (for short transradial
amputees) is the Muenster-type socket design. In this,
the socket and forearm are set in a position of initial
flexion and the socket encloses the olecranon and the
epicondyle of the humerus. The intimate stump
encapsulation, flexion attitude, and high trimlines
provide excellent retention and security. Although
there is some limitation in the range of flexion-extension
this may be compensated by preflexing.

— When this type of suspension is used, a figure nine
harness can be used for control purposes only

— With these prostheses the patient can operate his ter-
minal device in common positions and still apply full
torque about the elbow. Although these techniques
yield less elbow flexion than the split socket, the
reduction in force requirements and the ease of use

more than compensate for this limitation.
— Northwestern University socket is another example
of a self-suspended socket design

FIGURE 6-5. The Muenster
Socket.

Elbow Hinges
Transradial amputation prosthesis hinges connect the socket to a cuff on the upper arm and
are important for suspension and stability

Types:
1. Flexible elbow hinge
— Used primarily to suspend the forearm socket
— Permits active pronation and supination of the forearm
— Used where sufficient voluntary pronation and supination are available to make it
desirable to maintain these functions: wrist-disarticulations and long transradial
amputations
2. Rigid elbow hinge
— Used in short transradial amputations when normal elbow flexion is present but there
is no voluntary pronation-supination and more stability is needed
— Types:
a. single axis
b. polycentric
c. Step-up design—used with split-socket prosthesis, in very short transradial ampu-
tation where flexion is limited. By virtue of a gear or double-pivot arrangement,
these hinges permit the stump to drive the prosthetic forearm through an
increased range of motion. Disadvantage is that it takes twice the force (energy
cost doubles) to provide the same amount of flexion than is the case with no step-
up design.
3. Residual limb-activated locking elbow
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Cuffs and Pads

Except in the Muenster socket, a half-cuff or a triceps pad, with appropriate elbow hinge, is
used on the upper arm to connect the socket to the harness and help furnish socket suspen-
sion and stability. It also serves as an anchor for the cable control action point. The half-cuff
is used in the majority of short transradial fittings. The triceps pad is used with long trans-
radial, wrist-disarticulation, and transmetacarpal prostheses.

Transradial Harness Suspension and Control Systems

— The functions of the below-elbow harness: to suspend prosthesis from the shoulder so
the socket is held firmly on the residual limb, utilize body motions as sources of power
or force, and transmit this force via a cable system to operate the terminal device.

— Three types:
a. Figure-eight
b. Figure-nine
c. Chest-strap with shoulder saddle

1. 3 Figure-eight (O-ring harness) (Figure 6-6)
— Most commonly used harness. The axilla loop, worn on the sound side, acts as a reac-

tion point for the transmission of body force to the terminal device.

FIGURE 6-6. O-Ring Harness.

2. Figure-nine
— Figure-nine harness is often employed with a self-suspended transradial socket (e.g.,
Muenster socket) that requires a harness only for controlling the TD
— Consists of an axilla loop and a control attachment strap
— Pros: is lighter and provides a greater freedom and comfort by the elimination of the
usual front support strap and triceps pad or cuff
3. Chest-strap with shoulder saddle (Figure 6-7)
— Chest-strap with shoulder saddle is used if the patient cannot tolerate the axilla loop.
Also used with those who will be doing heavy lifting.

Control Systems

¢ The typical control system for transmission of power to the prosthesis consists of a flexible,
stranded stainless-steel cable with appropriate terminal fittings or coupling units and a
flexible tube or housing inside which the cable slides. The terminal fittings are used to
attach one end of the cable to a harnessed body control point and the other end to a point
of operation or control of the prosthesis. The housing acts as a channel or guide for the
transmission offered by the cable.
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e There are two types of control-cable systems:
1. Bowden control cable system
2. Dual-control (or fair-lead control) cable system

FIGURE 6-7. Shoulder Saddle Harness (modified) for Above Elbow Prosthesis.

1. Bowden Control Cable System

— The Bowden control system is used in the transradial single-control cable system

— The dual-control system is used in the transhumeral control-cable system and in the
very short transradial split-socket prosthesis with stump-activated locking hinge

— The Bowden control system consists of a continuous length of flexible housing through
which the cable slides. The housing is fastened by a base plate and retainer to the forearm
shell and by a housing cross-bar assembly to the cuff of the triceps pad; these housing
retainers also serve as reaction points when force is applied to the cable. The Bowden system
is required to transmit body power for a single purpose—to operate the terminal device.

2. The dual-control cable system consists of one cable with two functions:
1. Flex the elbow unit when the elbow is unlocked
2. Operate the terminal device when the elbow is locked
— The cable is held in place and guided by separate lengths of housing. The pieces of

housing are fastened with retainers at points where the cable must be supported or
operated through an angle. Since the system must provide force for elbow flexion and
operation of the terminal device, two fair-lead housings are necessary; the proximal
lead, through which the cable slides when the elbow is flexed; and the distal lead,
through which the cable also slides when the terminal device is operated.

Transhumeral/Above-Elbow (AE) Prostheses

— Transhumeral prostheses consist of a terminal device, wrist unit, forearm, elbow unit,
an upper arm, a socket, and a harness and control-cable system.

— The terminal devices and wrist units are the same as those used for the transradial pros-
theses, but the sockets, elbow unit, and harness and control systems differ in several
respects from those used in the transradial prostheses

* AE Sockets

As in transradial prostheses, the transhumeral socket is usually of double-wall construction,
with the inner wall providing a snug, total-contact fit and the outer shell providing appro-
priate length and shape. The lateral socket wall extends to the acromion and the medial
socket wall is flattened below the axilla to help prevent inadvertent socket rotation.
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Elbow Units

When an amputation occurs at or above the elbow joint, elbow function is supplied by
the use of an elbow unit, which provides for elbow flexion and for locking in various
degrees of flexion

Elbow-locking systems are divided into two types:

1. External (outside) locking elbow

2. Internal locking elbow

The former is used with elbow-disarticulations because there is not enough space for the
internal locking mechanism, and the latter is used with transhumeral and shoulder
prostheses

1. Internal elbow joint

Preferred because of greater mechanical durability
Used in level of amputation 4 cm or more proximal to the level of the epicondyles

2. External elbow joint

Used when the residual limb extends more distally than 4 cm to the level of the epi-
condyles to maintain the elbow joint center equal to that in the nonamputated side.
Both types of elbows are flexed by means of the control cable of the dual-control system
and locked at the desired flexion angle by a separate elbow-lock control cable, which is
attached at one end to the elbow mechanism and at the other end to the harness

The lock mechanism operates on the alternator principle, that is, locking and unlocking
actions alternate with each control-cable cycle of tension and relaxation

For amputees who have difficulty flexing their prosthetic forearm, an accessory in the form
of a spring-assist for elbow flexion may be provided for the use with the internal elbow.

In transhumeral and shoulder prostheses, passive humeral rotation is accomplished by
means of a turntable between the elbow unit and the upper arm shell or socket. As in
the case of a wrist unit, friction between the elbow unit and the turntable permits control
of the rotation to maintain the desired plane of elbow operation.

Transhumeral Harness and Control Systems

In addition to suspending the prosthesis from the shoulders, the transhumeral harness
must transmit power to flex the prosthetic forearm, to lock and unlock the elbow unit,
and to operate the terminal device.

e Harness in AE

The harness designs most frequently used for transhumeral prosthesis are modifications
of the basic figure-8 and chest-strap patterns used with the transradial prosthesis.

¢ Control Cable System in AE

As previously mentioned, the dual-control (fair-lead control) cable system is used in the
transhumeral prosthesis to transmit force for two functions:

1. Elbow flexion and

2. Terminal device operation

Elbow locking and unlocking are controlled by a second cable, the elbow-lock cable
When the elbow is extended and unlocked, flexing the shoulder (humeral flexion)
(assisted by biscapular abduction) transmits force to the forearm lever loop flexing the
elbow to the desired level

If the amputee wishes to use the terminal device at this point, first, he/she locks the
elbow (by doing shoulder depression, extension and abduction—"“down, back, out”)
Then, the patient can operate the terminal device by continuation of the control motion
= shoulder flexion and biscapular abduction

The same combination of shoulder movements done to lock the flexed elbow is needed
to unlock the elbow (shoulder extension, depression, and abduction). Then, the elbow
extends by gravity.
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Dual-control cable mechanism operation in the transhumeral amputee

TABLE 6-7
1. Elbow flexion | 2. Lock elbow (in | 3. TD operation 4. Unlock elbow
desired degree (opening and
of flexion) closing)
Movements Humeral flexion Shoulder Further humeral Shoulder
and biscapular depression, flexion and depression,
abduction abduction, biscapular extension, and
extension (down, abduction abduction (down,
back, out) back, out)
Cable- Dual-control cable | Single-control cable| Dual-control cable | Single-control
mechanism (elbow-lock cable) cable (elbow-lock
used cable)
After desired TD

function is
accomplished, in
order to extend the
elbow, the patient
has to unlock it.
(elbow will
passively extend
by gravity)

Shoulder Prostheses

e All shoulder prostheses consist of a terminal device, a wrist unit, a forearm section, an
elbow unit, humeral and shoulder sections, and a harness and cable-control system

e The terminal device, wrist unit, forearm section, and elbow unit are identical to those used
in the transhumeral prosthesis

e The shoulder section includes a socket, which provides:
— A comfortable, stable bearing on the residual shoulder elements and thorax, and
— A means of utilizing whatever mobility remains in the shoulder girdle for control of the

prosthesis
® Several components are available for the socket allowing ROM

ISSUES IN AMPUTEE CARE AND REHABILITATION

— There are three important considerations in a clinical decision from a medical standpoint
for a prosthesis:
1. Determination of amputation level
2. Careful assessment of bilateral proximal muscle strength and ROM is critical when

planning for prosthetic control mechanisms

3. Evaluation of general health

— Generally, in upper extremity amputations, the general health is no different than in the
regular population. The exception may be those with malignancies.

— Itis also necessary to discover any condition that should be treated before being fitted with
a prosthesis. Cognitive impairment and other neurologic problems can be a major road-
block to prosthetic training.

Diagnosis of specific residual limb conditions:

— As far as the residual limb is concerned, it appears that abnormalities, such as bone spurs,
tender scars, skin rashes, neuromas, and other conditions are of low statistical importance.
When present, many of these can be dealt with by suitable fitting modifications.
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Other Rehabilitation Issues

Rehab Prescription

— Another important aspect of the initial management of the upper limb amputee is pre-
prosthetic therapy with physical therapy and occupational therapy

— Preprosthetic therapy includes: stump shrinkage, muscle strength and ROM, postural
problems, desensitization, scar mobilization, and home exercise program

— Exercises should be prescribed if there are any deficiencies. Forearm and humeral rota-
tion are the motions most seriously affected. Among transhumeral amputations, 80% had
limitations of humeral rotation. Among transradial amputations 80% had limitations of
forearm rotation. If bone malformations limit ROM, physical therapy is of no help.

Vocational Issues
— The terminal device is extremely important to the amputee’s vocational success. By far,
the greatest occupational effect of amputation is on skilled and semiskilled laborers who
are unable to continue their original occupations. This is a source of emotional malad-
justment and of reduction in earning power. The prosthetic team should serve in an
advisory capacity on any contemplated change in occupation because the patient may
be able to return to his job with the prosthesis.

Emotional / Psych Issues

— Although there is no evidence to indicate that the amputee population varies from
the general population with regard to emotional stability, psychological problems
can act as a deterrent to rehabilitation. It is a waste of time and money to fit an
amputee with a prosthesis, and then to accept failure because the amputee does not
cooperate fully. There is always a period of adjustment to limb loss. Psychological
counseling should be made available to all amputees to deal with grieving, anger,
and depression.

— Personal factors also must be taken into consideration. One should consider age, sex,
educational history, prosthetics history, and personal preference. In many cases the edu-
cational background completes the picture of the amputee and gives us a better idea of
the prescription necessary. A large majority do not have personal preferences for the
prosthesis, but if they exist, they must be explored. If these preferences cannot be accom-
madated, the reason must be explained to the amputee.

Prosthetic operation and training

¢ In the unilateral amputee, the prosthesis generally will be used to assist the remaining
limb, allowing a portion of the lost function to be regained. The prosthetic device is still far
from duplicating the lost part and the patient must be aware of its functional limitations

¢ The training period consists of an orientation to the prosthesis and its controls and use of
the prosthesis, which initially emphasizes activities of daily living

® During the preprosthetic phase, the amputee was introduced to the prosthesis and
learned something of its function. Now the introduction should be repeated and the
patient should be specifically instructed in the correct terminology and function of each
component part. This understanding will help the patient communicate with the pros-
thetist if something is wrong. General instruction about the care of the prosthesis should
be covered at this time

* The next step for training is instruction for donning and doffing the prosthesis. After this
initial instruction the patient is ready to begin learning the basic motions of operation. The
therapist should take the amputee through each required motion so that he can see and
feel the motion being performed. The patient then repeats the same motion independently.
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Transradial Amputee Training

For the transradial amputee, training is concentrated on operation of the terminal device
Forearm and elbow control require no special training

The basic motion for opening terminal device is forward flexion of the humerus with some
assistance from biscapular abduction.

The shoulder on amputated side should not flex excessively to give a smooth motion. The
shoulder on the opposite side acts as a stabilizer

Once the patient has learned the mechanics of the prosthesis and how to use it efficiently,
he/she is ready for training in purposeful activity. The therapist should present different
activities to help solve new problems that inevitably arise in the patient’s life. Before
attempting any activity, prepositioning of the terminal device is essential. Instruction
and practice in this prepositioning is necessary. It will allow an amputee to approach an
object correctly.

Prehension is the final phase of control training before practice in daily activities is started.
Drills in the approach, grasp, and release of various sizes of objects and different types of
materials are used. The amputee is taught to grasp objects with adequate pressure control
on the terminal device.

Control training may be considered complete when the patient has maximal control of the
terminal device in space.

Once basic operations are learned, these techniques are applied to practice activities of
daily living. The amputee should gain confidence in using the prosthesis in a wide range
of activities that are meaningful and important. Initially the activities of most importance
for the amputee are feeding and dressing.

For the unilateral amputee this independence is not difficult to achieve. Because a pros-
thesis is not needed to achieve basic independence, activities chosen for him should
require the use of two hands. Cutting food with a knife and fork or tying shoelaces are
examples. As the patient attempts, performs, and succeeds in these activities, he
becomes more willing to accept the use of the prosthesis and can rely on it. After
training in feeding, dressing, and grooming is completed, progression to specialized
activities such as communication skills, which involve use of the telephone or key-
board, can be made. Homemaking, vocational, and recreational interests should be
encouraged, and the activities associated with these interests should be emphasized in
the training process.

Elbow Disarticulation and Transhumeral Amputee Training

The prosthetic training for the elbow disarticulation or transhumeral amputee follows the
same general principles as for the transradial amputee

Control training of this level of amputee is more difficult, since the amputee must now
concentrate on locking the prosthetic elbow before being able to use the terminal device
Training with dual control/elbow-locking transhumeral prosthesis should not be
attempted prior to age three

When the elbow is unlocked, the basic humeral control motion (humeral flexion) produces
flexion of forearm section of the prosthesis (elbow flexion)

Shoulder on the amputated side should not flex more than is necessary for smooth move-
ment. The opposite shoulder acts as a stabilizer. This should be repeated by the amputee
until the speed of the movement and the angle of flexion are smooth and controlled.
Elbow extension (when elbow still unlocks) is achieved by slowly bringing the shoulder
back to its starting position

Next control motion is for locking and unlocking the elbow

This motion is a combination of shoulder depression extension, and abduction.
— This motion should be practiced with the elbow extended until the lock clicks
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— Once the locking and unlocking of the elbow can be accomplished smoothly with the
elbow extended, the amputee can be taught to flex the elbow and maintain tension on
the cable while the elbow lock is used

¢ To unlock the elbow, the amputee repeats this procedure, allowing the forearm to return
smoothly to the starting position
e When the elbow is locked, additional humeral flexion will operate the terminal device

(opening in VO terminal device, or closing in VC terminal device)

e For the terminal device to be operated closer to the body, rotation of the prosthetic forearm
is necessary. To do this, the amputee is instructed to first flex the elbow to 90° and then
manually rotate the turntable medially or laterally.

LOWER LIMB PROSTHETICS
Lower Limb Amputation

® Between 1989 and 1992 there were approximately 105,000 amputations of the lower
extremity. 32% of those were toe amputations. (Seymour, 2002).

Age group (yrs.) Most common cause of amputation

0-5 Congenital or deformity requiring amputation
5-15 Cancer

15-50 Trauma

50+ Vascular disease

Distribution of lower-extremity amputation and cause in survey by Kay and Newman of
5,830 new amputees:

Distribution (%)
Syme’s 3
Transtibial 59

Knee disarticulation 1

Transfemoral 35

Hip disarticulation 2

Causes (%)
PVD and infection 70

Trauma 22

Tumor 5

Congenital deformity 3
(Kay and Newman, 1975).

Important definitions
Myodesis: muscles and fasciae are sutured directly to bone through drill holes
— Residual limb is more structurally stable
— Contraindicated in severe dysvascularity in which the blood supply to the muscle may
be compromised
Myoplasty: opposing muscles are sutured to each other and to the periosteum at the end
of the cut bone with minimal tension
— Generally takes less operating time
— May be procedure of choice in severe dysvascular residual limbs

Temporary Prosthesis
Temporary (preparatory) prosthesis is usually made prior to a definitive prosthesis, which is
cosmetically finished



PROSTHETICS & ORTHOTICS = 429

e Provides prosthetic fitting before the residual limb volume stabilizes

e Helps in shrinking and shaping of the residual limb

e Allows for early prosthetic training (gait and functional training), and fine tuning of the
prosthetic alignment as the amputee’s gait progresses

* May be used as a trial when there is uncertainty about a patient’s potential success at using
a prosthesis

e Usually used for 3 to 6 months postsurgery (until maximal stump shrinkage has been
achieved)

Definitive Prosthesis:
— When shaping and shrinking process has ended and residual limb volume has stabi-
lized, a definitive or permanent prosthesis is made.
— A definitive prosthesis will typically need to be replaced about every 3 to 5 years.

Levels of amputation in the lower limb: (Figure 6-8)

TABLE 6-8. Descriptions of Level of Amputation in the Lower Limb

Partial toe Excision of any part of one or more toes

Toe disarticulation Disarticulation at the MTP joint

Partial foot/ray resection | Resection of a portion of up to three metatarsals and digits
Transmetatarsal

amputation (TMA) Amputation through the midsection of all metatarsals

Lisfranc Amputation at the tarso-metatarsal junction

Chopart Midtarsal amputation—only talus and calcaneus remain

Syme’s Ankle disarticulation with attachment of heel pad to distal end of tibia;

may include removal of malleoli and distal tibial/fibular flares
Long BKA (transtibial) > 50% of tibial length
Short BKA (transtibial) < 20% of tibial length

Knee disarticulation Amputation through the knee joint, femur intact

Long AKA (transfemoral) | > 60% of femoral length

AK (transfemoral) 35%—-60% of femoral length

Short AKA (transfemoral) | < 35% of femoral length

Hip disarticulation Amputation through hip joint, pelvis intact
Hemipelvectomy Resection of lower half of the pelvis

Hemicorporectomy Amputation of both lower limbs and pelvis below L4, 5 level
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FIGURE 6-8. Levels of lower extremity amputations (A/K = above knee, B/K = below knee).

Indications, Advantages And Disadvantages Of Common Levels Of Amputation In
Lower Extremities

Unsatisfactory levels for elective sites of leg:

1. Distal two-fifths of tibia (below gastroc-soleus muscle)
The added length of the lever arm at this level is outweighed in importance by diffi-
culties of good skin and soft tissue management, because the tibia and fibula are both
subcutaneous. The conventional below-the-knee prosthesis is difficult to shape and
contour in a cosmetic manner with amputations at this level. Modular limbs do not cir-
cumvent this cosmetic difficulty.

2. Very short below knee amputation proximal to the tibial tubercle:
Knee extension strength is lost and the knee becomes valueless. The added length
creates difficulties in prosthetic fit as compared to a knee disarticulation. Knee flexion
contractures occur often. When active knee extension is present and the knee can be
flexed through a range of 45° or more, the residual limb can be comfortably fit with an
effective prosthesis if surgery is performed not less than 3 cm below the tibial tubercle.
Above this level, most patients will be better served by a knee disarticulation.

3. Very high above-knee amputation.
When transection is just a short distance below the lesser trochanter, the limb tends to
develop excessive flexion and abduction at the hip joint. Socket fit may become a diffi-
cult problem. Releasing the contractive deformity through flexor and abductor muscle
release at the hip can circumvent this. Many surgeons prefer to leave a short segment
of femur rather than amputate at the hip disarticulation level.

Partial Toe Amputation, Toe Disarticulations, and Metatarsal Ray Resection
Performed for deformity resulting from trauma to the toes, loss of tissue, infection, gangrene due
to frostbite, diabetes, arterial sclerosis, scleroderma, Buerger’s disease, and similar conditions
1. By preserving the length of the foot, there is a better mechanical advantage
2. There is better gait pattern than a transmetatarsal amputation
3. Disadvantages in these type of amputations are mostly seen in the vascular patient,
including arterial sclerosis and diabetes. One must be assured that the vascular supply
to the rest of the foot be intact so as not have a continuous progression of amputations
up to trans-tibial amputation.
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Transmetatarsal Amputation (TMA) (Figure 6-9)

Also performed for deformity resulting from trauma to the toes, loss of tissue due to an infec-
tion, or gangrene due to frostbite, diabetes, arterial sclerosis, scleroderma, Buerger’s disease,
and similar conditions.

1. Gangrene must be limited to the toes and should not involve the web space. Infection
should be controlled. The incision should not extend through hypo-aesthetic areas or
through infected areas. The patient should be free of pain. Palpable foot pulses are not
necessary, but there should be no dependent rubor. Venous filling should be less than
25 seconds.

2. Not indicated in cancers of the metatarsal bones because post surgically it would not be
conclusive that all bony cancer would have been resected.

3. This is an important amputation through the foot because it preserves the attachment
of the dorsiflexors and plantar flexors and their function. This continues to give the
patient a good mechanical advantage with the foot.

4. For functional use, it is also a good level of amputation because these amputations can
be fitted with sole stiffeners and toe fillers with minor apparent loss of function during
stance and walking on level surfaces.

Other Foot Amputations (Figure 6-9)
1. &3 Lisfranc amputation at the tarso-metatarsal junction
2. Chopart amputation is a midtarsal, talo-navicular, calcaneo-cuboid amputation.
Only talus and calcaneus bones remain
3. Pirogoff is a vertical calcaneal amputation (in this amputation, the lower articular sur-
faces of the tibia/fibula are sawn through)
4. Boyd is a horizontal calcaneal amputation (all tarsals removed except calcaneus/talus)

* These amputations are not indicated in patients with ischemia or diabetes. They may be
indicated, at times, in patients with trauma, although their outcomes are still poor.

o In both the Lisfranc and Chopart amputations, the remaining foot often develops a sig-
nificant equinovarus deformity resulting in excessive anterior weight bearing with break-
down. Adequate dorsiflexor tendon implantation with Achilles tendon lengthening has
been advocated to prevent this deformity.

Syme’s Amputation (Figure 6-9)

It is essentially an ankle disarticulation procedure with attachment of the distal heel pad to
the end of the tibia; may include remouval of the malleoli and /or distal tibial/fibular flares (tran-
section of the tibia and fibula proximal to the flare of the tibial malleolus).

— Indications: Trauma above the foot, congenital anomalies, tumors, and deformities that
necessitate amputation.

— Disadvantages: healthy plantar heel skin is necessary for weight bearing in this area.
The patient also must have good perfusion in this area, thus making it a difficult proce-
dure for the dysvascular patient.

— Pros: Functionally, this procedure represents an excellent level of amputation because:
1. It maintains the length of the limb
2. There is preservation of the heel pad, providing an excellent weight-bearing stump
3. Immediate fitting of prosthesis is possible with excellent results
4. Stump weight bearing is possible almost immediately after the procedure (~ within

24 hrs)

— Cons: | cosmesis (bulbous, bulky residual limb); fitting for a prosthesis may be more

difficult than for other amputation levels.
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Foot and Ankle Amputations

FIGURE 6-9. Foot and Ankle Amputations.

Transtibial Amputation / Below-Knee Amputation (BKA)

When an amputation in the lower limb becomes necessary due to trauma, tumor, or
disease, the importance of saving the knee joint cannot be overemphasized.
Preservation of the knee joint means preservation of a near-normal life style with
minimal physical limitations

In the elderly amputee, saving the knee may well mean the difference between being
able to walk or being confined to a wheelchair

Studies performed to compare the energy requirements of below-the-knee amputees to
above-the-knee amputees in walking have consistently shown significantly greater
demands at the above-the-knee level

The ability of performing a below-the-knee amputation as opposed to a higher-level
amputation will be determined by tissue viability in cases of trauma and by principles
of tumor surgery when dealing with neoplasm

In the case of the dysvascular patient, below-the-knee amputation is not only feasible, it
is the level of choice in most instances

Reported healing rates for ischemic BKAs of 80% to 90%

There is also general agreement in the literature that mortality is lower following below-
the-knee than after above-the-knee amputations, because below-the-knee amputations
have higher healing rates and better tissue viability and weight-bearing surface. BKAs
also show decreased mortality and decreased energy expenditure.

When the surgeon is performing a BKA, preserving length is critical as long as viable
skin and muscle is available for distal coverage. The longer the below-the-knee stump,
the greater will be its leverage, strength, and proprioceptive qualities, and the better the
amputee will walk. The energy costs of walking will be less if a longer amputation
stump is provided to the amputee. On the other hand, a very short below-the-knee
stump is far superior to a knee disarticulation, and satisfactory fitting with a below-the-
knee prosthesis can be accomplished at levels as high as the tibial tuberosity.

If there is a severe flexion contracture (greater than 50°) and the limb is ischemic, knee
disarticulation should be the procedure of choice, although a very short below-the-knee
amputation may be fitted as a knee disarticulation with a bent-knee prosthesis.

Functional outcomes after a below-knee amputation:

Preoperatively the patient should be familiarized with the procedures and activities to

be performed after the amputation. Instruction should be given in the following;:
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—_

Proper bed and wheelchair positioning.

Exercises to be executed, as well as the rationale for such treatment.

3. If possible, the patient should be taught ambulation techniques with appropriate assis-
tive devices.

4. The type of prosthetic device to be used postoperatively; in using a below-the-knee
prosthesis, there is again much less energy expenditure and the patient’s functional
abilities should be greater than those of a patient with an above-the-knee amputation.

5. Prolonged sitting after the amputation should be avoided to prevent contractures. The

increase of contractures will result in a decrease in the patient’s functional ability.

N

Knee Disarticulation
e Advantages

1. Less traumatic to tissue

2. Blood loss is minimal

3. Along, strong stump with excellent end-bearing quality is produced

4. Prosthetic suspension is facilitated by the bulbous contour of the stump end

¢ Disadvantages

1. Relatively long flaps are necessary and healing may be impaired in the dysvascular
patient. A valid objection to the common use of this procedure in vascular disease is that
a short below-the-knee amputation usually can be performed if sufficient soft tissue is
available to cover a knee disarticulation. There is a fine line of distinction between suf-
ficient viable skin for coverage of a short below-the-knee stump and sufficient viable
skin for coverage of a knee disarticulation. A short below-the-knee stump that is other-
wise unimpaired is functionally quite superior to knee disarticulation.

2. Until relatively recently, another major disadvantage to knee disarticulation was the
inability to provide the patient with a prosthesis that was functional and cosmetic.
Recent advances in prosthetic knee mechanisms and socket design now permit swing-
and-stance phase control and cosmesis that equal available above-the-knee prostheses.

Transfemoral Amputation/Above-Knee Amputations

1. This was the most common level of amputation in the past because it was easily accom-
plished in cases of peripheral vascular disease and could more easily assure satisfactory
healing. Today, because of the understanding of the principles of site selections, poten-
tials for rehabilitation, and improved fitting methods for amputation at lower levels,
the AKA is done much less frequently, even in the presence of ischemia.

2. Approximately 85% of above-the-knee amputations are secondary to vascular disease.

3. Two-thirds of all major amputations performed for lower extremity peripheral vascular
disease will heal and be functional at the below-the-knee level. Many studies indicate
below-knee healing with prosthetic rehabilitation in 75% to 85% of patients.

4. There is increased healing rate in patients with BKA with vascular disease; therefore,
this is preferred to the AKA. The AKA is thus only indicated in those cases where we
expect to find poor tissue viability in knee disarticulation or BKA. It may also be indi-
cated in large tumors of the tibia where the surgeon needs to go to the next level.

Hip Disarticulation and Hemipelvectomy Amputation

e Hip disarticulation is the surgical removal of the entire lower limb by transection through
the hip joint.

e Hemipelvectomy is the surgical removal of the entire lower limb plus all or a major portion
of the ileum.

e Ablative surgery of this magnitude is indicated most often to irradiate a malignant tumor
of the bone or soft tissues above the thigh, hip, or pelvic region.
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1. Indications are extensive trauma or uncontrolled infection, especially gas gangrene. On
rare occasions, function and fit of a prosthesis to connect a congenital limb anomaly
may be improved by surgical conversion to a hip disarticulation.

2. In spite of large functional deficits, it is still possible to fit prostheses for these levels of
amputation.

Hip disarticulation amputation produces a stump with an excellent weight-bearing char-
acteristic. Lack of a femoral shaft acting as a lever arm on the prosthesis results in poor
mediolateral trunk stability and the loss of voluntary control of hip flexion, knee stability,
stride length, and alterations in cadence. Design of prosthesis must compensate for this
missing function.
In addition to all the functional deficits created by hip disarticulation, the hemipelvectomy
amputee has also lost the excellent weight bearing of the ischial tuberosity, and the pros-
thesis must bear weight on the semi-solid abdominal viscera. Socket design for this ampu-
tation level must, therefore, produce weight forces on the abdominal viscera in a manner
that is tolerable to the amputee and not injurious to the viscera. Many hemipelvectomy
amputees reject the prosthesis because of the bulk and weight of the prosthesis and the
energy expenditure required for ambulation when wearing it.

Postoperative Stump Management and Care

When evaluating a patient after an amputation, the history should include reason for and
date of amputation, dates of revisions, prior ambulatory status, self-care status, cardiopul-
monary status, neurological status, peripheral vascular status, diabetic control, previous
surgical procedures, residual limb pain, phantom sensation, and phantom pain.

Physical examination should include an evaluation of vision and mental status, peripheral
vascular status, surgical incision and drainage, skin lesions, residual limb skin mobility,
edema and pitting, induration, tenderness, skin redundancy, graft and graft-donor sites,
passive ROM, joint stability, sensation, and strength in all extremities.

The ideal shapes for transtibial residual limb is cylindrical, whereas the ideal transfemoral
residual limb is conical. Records should be kept of several circumferential measurements of
the residual limb at specific distances from the greater trochanter for a transfemoral
amputee or from the medial knee joint line for a transtibial amputee. The residual limb,
soft tissue status, and bone length should also be assessed.

One of the keys for success after an amputation is adequate wound healing. Evaluating
and optimizing nutrition, anemia, diabetic control, and antibiotic use maximizes wound
healing. Whirlpool treatment with debridement may be helpful for an infected wound, but
not for an uninfected wound, because whirlpool causes residual limb edema. An open
incision or wound should be covered with a Telfa® pad under the shrinkage device or
prosthesis. A chronically draining sinus may be the result of a superficial abscess, a bone
spur, or localized osteomyelitis. The opening should be probed to determine its depth, and
plain films and bone scans should be obtained to determine bony involvement.

Other postoperative goals of preprosthetic management include:

1. Pain control

2. Preparation of residual limb for prosthetic fitting

3. Maintaining ROM, especially in the remaining proximal joints of the amputated
extremity

. Independent mobility

. Independence in self-care and activities of daily living

. Education about prosthetic fitting and care
. Support for adaptations to the changes resulting from the amputation.

In the postop program, muscle strengthening should be emphasized. In the Syme’s

amputee, BKA, knee disarticulation or AKA, strengthening of the gluteus medius and

N O Ul
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gluteus maximus muscles should be accomplished in addition to strengthening any
residual hamstring or quadriceps muscles, and strengthening of the upper extremities.

Residual Limb Management

* A postoperative plaster or fiberglass rigid dressing prevents edema, protects from trauma,
and decreases postoperative pain. Postoperative edema occurs within a few minutes, so
immediate replacement of the dressing is necessary. Once they are removed for inspection
or suture removal, rigid dressings must be replaced within minutes to prevent recurrence
of edema.

1.

The removable rigid dressing (RRD) for the transtibial amputee consists of a plaster or
fiberglass cast suspended by a stocking and supracondylar cuff, and is adjusted by
adding or removing socks to maintain compression. Provides good edema control with
the advantage of allowing daily inspection.

. When a rigid dressing is not being used, one may wrap cotton elastic bandages around

the residual limb. Elastic bandages are the least effective shrinkage devices, because
patients fail to master the wrapping technique, which requires a reapplication many
times a day. Poorly applied elastic bandages also can cause circumferential constriction
with distal edema. Double length four-inch bandages should be used for the transtibial
limb and double length six-inch bandages for the transfemoral limb.

. Elastic shrinker socks are easy to apply and provide uniform compression, but are more

expensive than elastic bandages. They should fit snugly and reach the groin in the
transfemoral amputee. They also may cause skin damage with constriction if not prop-
erly fitted and maintained.

e The amputee should wear a shrinkage device 24-hours a day except for bathing. A shrinkage
device for the nonprosthesis candidate helps control pain and edema and facilitates
healing. The shrinkage device can be discontinued after fitting the definitive prosthesis if
the amputee wears the prosthesis regularly. It can be used at night if overnight edema
occurs.

e Contractures are easy to prevent but difficult to correct.

The amputee must not lie on an overly soft mattress, use a pillow under the back or
thigh, or have the head of the bed elevated. Standing with the transfemoral residual
limb resting on a crutch should be avoided. All these practices can lead to hip flexion
contractures.

The amputee must not place a pillow between the legs, since this creates a hip abduc-
tion contracture

A transtibial amputee must not lie with the residual limb hanging over the edge of the
bed, with a pillow placed under the knee, or with the knees flexed, and, must not sit for
a long period of time in order to avoid knee flexion contractures. The transtibial
amputee should sit with the knee extended on a board under the wheelchair cushion
with a towel wrapped over the board.

Crutch walking with or without prosthesis promotes good ROM and, when feasible, is
preferred over wheelchair mobility

Amputees should lie prone for 15 minutes three times a day to prevent hip flexion con-
tractures. The amputee who cannot lie prone should lie supine and actively extend the
residual limb while flexing the contralateral leg.

After suture removal, the residual limb should be cleansed daily with bland soap and warm
water. The limb should be patted completely dry before the application of any shrinkage
devise. Gentle massage decreases sensitivity to pressure, and deep friction massage perpen-
dicular to the scar prevents scar adhesions. Be sure that the residual limb scar has mobility
in all directions. One may use a thin layer of emollient to decrease the friction from massage,
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but discourage the use of thick creams. For very dry skin, a thin emollient can be applied in
the evening for absorption overnight. Shaving of the residual limb should be discouraged.

Prosthesis Prescription and Component Parts By Site at Amputation

Partial Foot Amputations
— Small-toe amputations do not affect ambulation and usually require no replacement

— Partial foot prostheses are used to restore foot function (particularly walking) and fore-
foot contour.

— Amputation of the great toe reduces push-off force, thus requiring a resilient toe filler
and also a molded insole with arch support to maintain the alignment of the amputated
foot.

— Partial foot amputations involving the forefoot, such as ray resections and trans-
metatarsal amputations, generally require only shoe fillers or shoe modifications. The
shoe modifications required may include a stiff sole, the addition of a spring steel shank
extending to the metatarsal heads, a rocker sole and/or padding of the tongue of the
shoe to help hold the hind foot firmly in the shoe.

— Transtarsal amputations, such as Chopart, Lisfranc, and Boyd, are not the most desir-
able levels of elective amputation, but they will have better functional results if there is
an active balanced dorsiflexion and plantar flexion with normal skin and heel pad
present. The best prosthetic option for a hindfoot amputation is the use of a custom
prosthetic foot with a self-suspending split socket, which allows a regular low quarter
shoe to be worn. A posterior leaf spring ankle—foot orthosis is another alternative.

Syme Amputation

— In the Syme amputation, preservation of the articular cartilage covered by the heel pad
allows direct end bearing on this residual limb.

— The patient can stand easily and walk on the end of the residual limb without wearing
a prosthesis for short household distances.

— Prosthesis: Canadian Syme socket (either posterior or medial opening).
¢ Both require removal of a portion of the socket wall to get bulbous stump in
¢ Major disadvantage: poor cosmesis.

— Newer socket designs that incorporate an expandable air suspension chamber inside the
socket or a thin removable expandable inner socket liner provide a more cosmetically
acceptable prosthetic design.

— Pros: thinner, tighter, and stronger prosthetic socket (there is no need to remove a
section from the socket wall maintaining the structural integrity of the prosthesis)

- Prosthetic feet available: for Syme’s Amputation
¢ Syme solid ankle cushion heel (SACH)
¢ Syme SAFE (stationary ankle flexible endoskeleton)
¢ Seattle Syme foot
¢ Syme flex foot
¢ Carbon copy Syme foot
¢ No STEN (stored energy) available for Syme’s amputees

Transtibial (TT) Amputation/Below the Knee Amputation
— The components in a BKA prosthesis include the socket, the shank, the suspension, and
the prosthetic foot.

Socket for BKA

Patellar tendon bearing (PTB) socket
— The standard socket used for the average below-the-knee amputee is the total contact
patellar tendon bearing (PTB) socket
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— PTB socket is a custom-molded plastic socket that distributes weight through convex
buildups (bulges) over pressure-tolerant areas; it provides concavities (relief areas) on
pressure-sensitive areas

— Characterized by bar in anterior wall designed to apply pressure on patellar tendon.

— The trimline extends anteriorly to the midpatellar level, may extend medially and later-
ally to the femoral condyles, and extends posteriorly to below the level of the PTB bar

— Despite name, pressure should be equally distributed over pressure-tolerant areas, with
more weight bearing in the area of the patellar tendon and the tibial flare and reduced
weight bearing over the bony prominences, such as the tibial crest, distal end of the
tibia, and head of the fibula. (Figure 6-10)

PRESSURE-TOLERANT AREAS (Figure 6-10 a,b,c)
1. Patellar tendon
2. Pretibial muscles
3. Popliteal fossa—Gastroc-soleus muscles (via gastrocnemius depression)
4. Lateral shaft of fibula
5. Medial tibial flare

PRESSURE-SENSITIVE AREAS—(RELIEF AREAS) (Figure 6-10 d,e,f)
1. Tibial crest, tubercle, and condyles
2. Fibular head
3. Distal tibia and fibula
4. Hamstring tendons

FIGURE 6-10. A,B,C: indicate pressure-tolerant areas in a patella tendon bearing (PTB) socket.
D,E,F: indicate pressure relief areas in a patella tendon bearing (PTB) socket.
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The socket is aligned on the shank on slight flexion (about 5°) to enhance loading of the
patellar ligament, prevent genu recurvatum, resist the tendency of the stump to slide
down the socket and to place quadriceps muscle in a more efficient and mechanically
advantageous position, facilitating its contraction

The alignment of the socket also includes a slight lateral tilt to reduce pressure on the
fibular head

A liner can be added to the socket to protect fragile or insensate skin, to reduce shear
forces, provide a more comfortable socket for tender residual limbs, or accommodate for
growth

Liners can be made of closed-cell thermal plastic foams, rubber covered with leather, or
silicone gels. Custom silicone liners without the suspension pin have been particularly
helpful in managing shear problems that can occur with residual limbs covered with
split thickness skin grafts.

Some Commonly Used Suspension Systems for BKA:

A. Supracondylar cuff suspension socket

Consists of a cuff or strap that wraps circumferentially around the thigh, fitted immedi-
ately above the femoral epicondyles
May be used with or without a fork strap and waist-belt suspension

B. Brim suspension

Supracondylar brim suspension/supracondylar wedge (PTB-SC)

PTB socket with medial and lateral walls extending above the femoral epicondyles for
suspension.

Instead of removable medial brim or wedge, a compressible foam wedge build-up may
be incorporated into the soft liner

Provides extra mediolateral support and is used for short residual limbs
Supracondylar-Suprapatellar Brim Suspension (PTB-SC/SP)

Similar to the PTB-S5C socket with the addition of suprapatellar trimlines

The suprapatellar trimline improves the suspension

Used for short stumps and for controlling genu recurvatum

C. Rubber or neoprene sleeve

Sleeves made of neoprene, rubber, latex, or other elastic materials may be used as
primary suspension system or in combination with another suspension mechanism
Provides good suspension, fitting snugly over the proximal prosthesis and extending
several inches up onto the thigh over the prosthetic sock

Should not be used as a primary form of suspension with standard PTB sockets in very
short residual limbs, in patients with decreased mediolateral knee stability or when
hyperextension control is required

Increased perspiration may be a problem

D. Silicone suction suspension

Design includes a silicone insert or liner with an attached distal pin or ring that locks
into the bottom of the plastic laminated socket

Provides excellent suspension for amputees with greater suspension demands, e.g., ath-
letes, and for those with short residual limbs, and excellent skin protection for the
scarred residual limb

Expensive

E. Thigh corset

Connects a leather thigh (femoral) corset to a PTB prosthesis through metal joints and
side bars to decrease distal residual limb weight bearing by 40% to 60%
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— Used when the patellar tendon cannot tolerate weight bearing or when knee joint is
unstable or painful

Prosthetic Feet (see also Table 6-9 and Figure 6-12)

1. Solid ankle cushioned-heel (SACH) foot—most commonly used prosthetic foot
a. Durable, lightweight, inexpensive, and easily interchanged to accommodate shoes of
different heel height
b. Compressible heel and wooden keel in this design allow it to simulate the motions of
the ankle in normal walking without actual ankle movement occurring
¢. Accommodates partially for uneven terrain, but this foot is best suited for flat, level sur-
faces.

2. Single axis foot—permits movement of the foot ankle complex in one plane.

a. Movement occurs in the plantar flexion dorsiflexion axis. The movement is controlled
by the use of adjustable internal rubber bumpers that provide resistance to dorsiflexion
and plantar flexion.

b. This foot is heavier than the SACH foot, and the internal components need periodic
adjustment or replacement

c. Typically used for more proximal amputations that require additional knee control or
stability. Can relieve pressure on distal tibia for BKA.

3. Multi-axis prosthetic foot—for the amputee who is involved in athletic activities or who
walks on uneven terrain
a. Some controlled movement in the normal anatomic planes of the ankle dorsiflexion,
plantar flexion, inversion, eversion, and rotation
b. A number of different foot designs are available to provide this motion
c. Some of the feet accomplish this movement without the use of mechanically moving
parts. They rely on the inherent flexibility of the materials and design of the foot. Other
multi-axis feet use mechanical systems
d. The additional mechanical components necessary for the movement of these feet add to
their overall weight and may require frequent maintenance, especially in the very active
amputee
e. For the active amputee, however, the improved balance, coordination, and function pro-
vided by these feet outweigh the disadvantages of increased weight and more frequent
maintenance.

4. Flexible keel prosthetic foot

5. Energy storing/dynamic response prosthetic foot

® Major advances in lower-extremity component design continue in the development in
dynamic-response prosthetic feet such as the Flex foot, the spring-light foot, Seattle foot,
Endolite foot, and the Carbon copy II and III feet. The design of these feet incorporates the
use of resilient, flexible, energy-storing materials. Energy is stored in the foot at the time
of heel strike, as the weight of the body compresses or flexes the resilient material within
the foot and is returned to the amputee at the time of push off. Resiliency of these feet
makes them particularly suitable for amputees involved in activities that require running
and jumping. Many amputees report they believe they are more functional with a pros-
thesis with a dynamic response foot. It has been assumed, thus, that these prosthetic
designs make ambulation more efficient and require less energy consumption. The flex
foot and spring-light foot have the added advantages of reducing energy expenditure
because they are lightweight.
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TABLE 6-9. Prosthetic Feet
Foot unit | Main use | Advantages | Disadvantages
Rigid keel
* SACH (solid ankle |® General use ¢ Inexpensive ¢ Energy consuming
cushion heel) ¢ Kids-durable 