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Preface

From the beginning, it was our idea to create a book 
that covers a variety of medical conditions that the aver-
age internist/family practitioner, physiatrist, orthope-
dist, rheumatologist, and neurologist encounters in his 
or her medical practice. We particularly wanted to em-
phasize the outpatient aspects of both musculoskeletal 
injuries and chronic medical conditions requiring reha-
bilitation from the perspective of a practitioner in an 
ambulatory setting. In this new edition, we have added 
an entirely new section on the ambulatory management 
of pain conditions.

Essentials of Physical Medicine and Rehabilitation covers 
many diagnoses in a deliberately succinct and specifi c 
format. This book is now divided into three sections. 
The fi rst section contains chapters on specifi c musculo-
skeletal diagnoses, organized anatomically. The second 
section describes the management of pain conditions. 
The third section covers common medical conditions 
that are typically chronic and benefi t from rehabilitative 
as well as other interventions. Although some of these 
conditions require hospitalization, we have tried to fo-
cus on the rehabilitation that takes place in an ambula-
tory setting. Each chapter includes the same sections in 

the same order (Synonyms, ICD-9 Codes, Defi nition, 
Symptoms, Physical Examination, Functional Limita-
tions, Diagnostic Studies, Differential Diagnosis, Treat-
ment [Initial, Rehabilitation, Procedures, and Surgery], 
Potential Disease Complications, Potential Treatment 
Complications, and References). It is our hope that phy-
sicians in all specialties and allied health care providers 
will fi nd that this book complements the excellent exist-
ing rehabilitation textbooks and that it will be an effi -
cient and useful tool in the offi ce setting.

We are extremely grateful for the hard work of our col-
leagues who authored these chapters and who represent 
many different specialties and come from excellent in-
stitutions. Their generous support of our work has made 
this book possible.

Finally, we would like to thank our editorial team at 
Elsevier. Their assistance was invaluable in bringing this 
book to publication.

Walter R. Frontera, MD, PhD
Julie K. Silver, MD

Thomas D. Rizzo, Jr., MD
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DEFINITION
Cervical spondylotic myelopathy (CSM) is a frequently 
encountered entity in middle-aged and elderly patients. 
The condition affects both men and women. Progre s-
sive degeneration of the cervical spine involves the 
discs, facet joints, joints of Luschka, ligamenta fl ava, 
and laminae, leading to gradual encroachment on the 
spinal canal and spinal cord compromise. CSM has a 
fairly typical clinical presentation and, frequently, a 
progressive and disabling course.

As a consequence of aging, the spinal column goes 
through a cascade of degenerative changes that tend to 
affect selective regions of the spine. The cervical spine is 
affected in most adults, most frequently at the C4-7 
region.1,2 Degeneration of the intervertebral discs triggers 
a cascade of biochemical and biomechanical changes, 
leading to decreased disc height among other changes. As 
a result, abnormal load distribution in the motion seg-
ments causes cervical spondylosis (i.e., facet arthropathy) 
and neural foraminal narrowing. Disc degeneration also 
leads to the development of herniations (soft discs), disc 
calcifi cation, posteriorly directed bone ridges (hard discs), 
hypertrophy of the facet and the uncinate joints, and 
ligamenta fl ava thickening. On occasion, more frequently 
in Asians but not infrequently in white individuals, the 
posterior longitudinal ligament and the ligamenta fl ava 
ossify.3 These degenerative changes narrow the dimen-
sions and change the shape of the cervical spinal canal. 
In normal adults, the anteroposterior diameter of the 

subaxial cervical spinal canal measures 17 to 18 mm, 
whereas the spinal cord diameter in the same dimension 
is about 10 mm. Severe CSM gradually decreases the 
space available for the cord and brings about cord com-
pression in the anterior-posterior axis. Cord compression 
usually occurs at the discal levels.4-6

The encroaching structures may also compress the an-
terior spinal artery, resulting in spinal cord ischemia 
that usually involves several cord segments beyond the 
actual compression site. Spinal cord changes in the 
form of demyelination, gliosis, myelomalacia, and 
eventually severe atrophy may develop.4,7-9 Dynamic 
instability, which can be diagnosed in fl exion or exten-
sion lateral x-ray views, further complicates matters. 
Disc degeneration leads to laxity of the supporting liga-
ments, bringing about anterolisthesis or retrolisthesis 
in fl exion and extension, respectively. This may further 
compromise the spinal cord and intensify the present-
ing symptoms.2,4

SYMPTOMS
CSM develops gradually during a lengthy period of 
months to years. Not infrequently, the patient is unaware 
of any functional compromise, and the fi rst person to 
notice that something is amiss may be a close family 
member. Whereas pain appears rather early in cervical 
radiculopathy and alerts the patient to the presence 
of a problem, this is usually not the case in CSM. A long 
history of neck discomfort and intermittent pain may 
frequently be obtained, but these are not prominent at 
the time of CSM presentation.

Most patients have a combination of upper motor neu-
ron symptoms in the lower extremities and lower motor 
neuron symptoms in the upper extremities.4 Patients 
frequently present with gait dysfunction resulting from a 
combination of factors, including ataxia due to impaired 
joint proprioception, hypertonicity, weakness, and mus-
cle control defi ciencies.

Studies have demonstrated that severely myelopathic 
patients display abnormalities of deep sensation, 
including vibration and joint position sense, which is 
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Synonyms
Cervical radiculitis
Degeneration of cervical intervertebral disc
Cervical spondylosis without myelopathy
Cervical pain

ICD-9 Codes
721.0 Cervical spondylosis without myelopathy
722.4 Degeneration of cervical intervertebral disc
723.3 Cervical pain
723.4 Cervical radiculitis
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attributed to compression of the posterior columns.10,11

Paresthesias and numbness may be frequently men-
tioned. Compression of the pyramidal and extrapy-
ramidal tracts can lead to spasticity, weakness, and ab-
normal muscle contractions. These sensory and motor 
defi cits result in an unstable gait. Patients may com-
plain of stiffness in the lower extremities or plain weak-
ness manifesting as foot dragging and tripping.5 Symp-
toms related to the upper extremities are mostly 
the result of fi ne motor coordination defi cits. Patients 
may have diffi culties inserting keys, picking up coins, 
buttoning a shirt, or manipulating small objects. Hand-
writing may deteriorate. Patients may drop things from 
the hands and occasionally can complain of numbness 
affecting the fi ngers or the palms, mimicking peripheral 
neuropathy.2,5,12-14 At times, the symptoms in the upper 
extremities are much more severe than those related to 
the lower extremities, attesting to central cord compro-
mise.4 Most patients do not have urinary symptoms. 
However, urinary symptoms (i.e., incontinence) may 
occasionally develop in patients with long-standing 
myelopathy.15 As CSM develops in middle-aged and el-
derly patients, the urinary symptoms may be attributed 
to aging, comorbidities, and cord compression. Bowel 
incontinence is rare.

PHYSICAL EXAMINATION
Because of sensory ataxia, the patient may be observed 
walking with a wide-based gait. Some resort to a cane 
to increase the base of support and to enhance safety 
during ambulation. Patients with severe gait dysfunc-
tion frequently require a walker and cannot ambulate 
without one. Many patients lose the ability to tandem 
walk. The Romberg test result may become positive. 
Examination of the lower extremities may reveal 
muscle atrophy, increased muscle tone, abnormal 
refl exes—clonus or upgoing toes (Babinski sign), and 
abnormalities of position and vibration sense. Muscle 
fasciculations may be observed.

In the upper extremities, weakness and atrophy of the 
small muscles of the hands may be noted. The patient 
may have diffi culties in fi ne motor coordination (e.g., 
unbuttoning the shirt or picking a coin off the table). 
The patient frequently displays diffi culty in performing 
repetitive opening and closing of the fi st. In normal 
individuals, 20 to 30 repetitions can be performed in 
10 seconds.

Weakness can occasionally be documented in more 
proximal muscles and may appear symmetrically. Fas-
ciculations may appear in the wasted muscles. Hypesthe-
sia, paresthesia, or anesthesia may be documented. On 
occasion, the sensory fi ndings in the hands are in a glove 
distribution. As in the lower extremities, the vibration 
and joint position senses may be disturbed. Hypore-
fl exia or hyperrefl exia may be found. The Hoffmann re-
sponse may become positive and can be facilitated in 
early myelopathy by cervical extension.16 In some pa-
tients, severe atrophy of all the hand intrinsic muscles is 
observed.1,5,14,17

The neck range of motion may be limited in all 
directions. Many patients cannot extend the neck 
beyond neutral and may feel electric-like sensation 
radiating down the torso on neck fl exion, known 
as the Lhermitte sign. Often, when a patient stands 
against the wall, the ack of the head stays an inch 
to several inches away, and the patient is unable 
to push the head backward to bring it to touch 
the wall.

FUNCTIONAL LIMITATIONS
Patients with CSM have diffi culties with activities of 
daily living. They may have problems dressing and un-
dressing and handling small objects. When weakness is 
a predominant feature, they will be unable to carry 
heavy objects. Unassisted ambulation may become dif-
fi cult. The gait is slowed and becomes ineffi cient. In 
late stages of CSM, patients may become almost totally 
disabled and require assistance with most activities of 
daily living.

DIAGNOSTIC STUDIES
Plain radiographs usually reveal multilevel degenera-
tive disc disease with cervical spondylosis. Dynamic 
studies (fl exion and extension views) may reveal seg-
mental instability with anterolisthesis on fl exion and 
retrolisthesis on extension. In patients with ossifi ca-
tion of the posterior longitudinal ligament, the ossi-
fi ed ligament may be detected on lateral plain fi lms. 
The Torg-Pavlov ratio may help diagnose congenital 
spinal stenosis. This ratio can be obtained on plain 
fi lms by dividing the anteroposterior diameter of the 
vertebral body by the anteroposterior diameter of the 
spinal canal at that level. The canal diameter can be 
measured from the posterior wall of the vertebra 
to the spinolaminar line.18 A ratio of 0.8 and below 
confi rms the presence of congenital spinal stenosis 
(Fig. 1-1).

Magnetic resonance imaging, the study of choice, pro-
vides critical information about the extent of stenosis 
and the condition of the compressed spinal cord. Sagit-
tal and axial cuts clearly show the offending structures 
(discs, thickened ligamenta fl ava), and the cord shape 
and signal provide critical information about the extent 
of cord compression and the prognosis (Fig. 1-2). In-
creased cord signal on T2-weighted images is abnormal 
and points to the presence of edema, demyelination, 
myelomalacia, or gliosis. Severe cord atrophy denotes a 
poor prognosis even when decompressive surgery is 
performed.

Computed tomographic myelography provides fi ne 
and detailed information on the amount and location 
of neural compression and is frequently obtained 
before surgery. Electrodiagnostic studies play an im-
portant role, especially in diabetic patients with pe-
ripheral neuropathy, which may confound the clinical 
diagnosis.
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TREATMENT
Initial
The treatment of CSM depends on the stage in which it 
is discovered. No conservative treatment can be ex-
pected to decompress the spinal cord. In the initial 
stages, education of the patient is of paramount impor-
tance. The patient is instructed to avoid cervical spinal 
hyperextension. As the cervical spinal canal diameter 
decreases and the spinal cord diameter increases during 
cervical hyperextension, this position may lead to fur-
ther cord compression.20 The patient is advised to drink 
with a straw, to avoid prolonged overhead activities, and 
to face the sink while getting the hair washed.

Rehabilitation
Because the course of CSM may be unpredictable and a 
signifi cant percentage of patients deteriorate in a slow 
stepwise course, close monitoring of the patient’s neuro-
logic condition and spine is indicated. Patients with mild 
CSM may be managed conservatively. Biannual detailed 
neurologic examination and an annual magnetic reso-
nance imaging evaluation are indicated. Special attention 
should be devoted to the cord cross-sectional area and the 
cord signal; these are important prognostic factors and 
may help determine whether surgery is indicated. In the 
interim, patients should be instructed in isometric neck 
exercises. Weak muscles in the upper or lower extremities 
should be strengthened. Judicial use of anti-infl ammatory 
medications is called for, especially in elderly individuals. 
Soft cervical collars are frequently used (recommended by 
physicians or obtained by patients without the physician’s 
recommendations) without a sound scientifi c basis. Assis-
tive devices, such as a cane or walker, should be provided 
when ambulation safety is compromised.

Procedures
No existing procedures affect the course or symptoms of 
cervical myelopathy.

Surgery
Patients with moderate to severe progressive CSM (un-
steady gait, limited function in the upper extremities) 
who have signifi cant cord compression or cord signal 

A/B ≥ 1

C2

C7

B A

FIGURE 1-1. Schematic lateral view of the cervical spine. The canal dia-
meter (A) can be measured by drawing a line between the posterior 
border of the vertebral body and the spinolaminar line. The vertebral 
diameter is refl ected by line B. (Reprinted with permission from Fast A, 
Goldsher D. Navigating the Adult Spine. New York, Demos Medical 
Publishing, 2007.)

FIGURE 1-2. Sagittal T2-weighted image of the cervical spine showing 
degenerative disc disease involving the C4-5 and C5-6 intervertebral discs.

Differential Diagnosis

Amyotrophic lateral sclerosis

Multifocal motor neuropathy19

Multiple sclerosis

Syringomyelia

Peripheral neuropathy
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changes should be referred for decompressive surgery. 
Two main approaches exist—anterior and posterior.

Anterior Approach

The anterior approach is usually reserved for patients with 
myelopathy affecting up to three spinal levels. This ap-
proach allows adequate decompression of “anterior” dis-
ease. Anterior disease refers to pathologic changes that are 
anterior to the spinal cord (i.e., soft disc, hard disc, verte-
bral body spurs, and ossifi ed posterior longitudinal liga-
ment). Through this approach, the offending structures 
can be removed without disturbing the spinal cord. The 
anterior approach allows adequate decompression in pa-
tients with cervical kyphotic deformity. After anterior de-
compression (anterior cervical decompression and fusion, 
corpectomies), bone grafting and instrumentation ensure 
stabilization and fusion. This approach is not indicated in 
patients whose predominant pathologic process is poste-
rior to the cord (i.e., hypertrophied ligamentum fl avum) 
or in patients with disease affecting more than three or 
four segments because this may lead to an increased rate 
of complications, including pseudarthrosis.6,17

Posterior Approach

The posterior approach consists of two basic proce-
dures, laminectomy and laminoplasty.

Cervical laminectomy can be easily performed by most 
spinal surgeons and is less technically demanding than 
anterior corpectomies are. This approach allows easy ac-
cess to posterior disease, such as hypertrophied laminae 
and ligamenta fl ava. The main disadvantage of the lami-
nectomy procedure is that it requires stripping of the 
paraspinal muscles and thus tends to destabilize the cervi-
cal spine. This may result in loss of the cervical lordosis or 
frank kyphotic deformity and instability (stepladder de-
formity), especially when it is performed over several spi-
nal levels or when the facet joints have to be sacrifi ced.

Laminoplasty, another procedure performed through the 
posterior approach, has been developed in Japan and ad-
dresses some of the shortcomings of laminectomy. Unlike 
laminectomy, cervical laminoplasty preserves the cervical 
facets and the laminae. In this procedure, the laminae are 
hinged away (lifted by an osteotomy) from the site of 
main pathologic change, resulting in an increase of sagittal 
canal diameter.21 Unilateral or bilateral hinges can be per-
formed; the bilateral hinge approach allows symmetric 
expansion of the spinal canal. It is hoped that after poste-
rior decompression, the spinal cord will “migrate” away 
from the anterior pathologic process, and thus cord de-
compression will be achieved.17,22 This has been confi rmed 
in magnetic resonance imaging studies after laminoplasty.

Regardless of the surgical approach, poor outcome can 
be expected in elderly patients with long-standing my-
elopathy and spinal cord atrophy.

POTENTIAL DISEASE COMPLICATIONS
Left untreated, a patient with progressive myelopathy 
may develop severe disability. Patients may become 
totally dependent and nonambulatory. In some cases, 

neurogenic bladder may develop and further compro-
mise the quality of life.

POTENTIAL TREATMENT 
COMPLICATIONS
Pseudarthrosis, restenosis, spinal instability, postopera-
tive radiculopathy, kyphotic deformity, and axial pain 
are among the surgical complications.17
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DEFINITION
Cervical facet joints are paired diarthrodial structures 
located in the posterior portion of the spinal axis. 
These synovium-lined joints contain highly innervated 
joint capsules1-3 and allow mobility and stability to the 
head. Cervical facet arthropathy refers to any acquired, 
degenerative, or traumatic process that affects the nor-
mal function of the facet joints in the cervical region, 
often resulting in a source of neck pain and cervico-
genic headaches. It may be a primary source of pain 
(e.g., after a whiplash injury) but often is secondary to 
a degenerative or injured cervical disc, fracture, or liga-
mentous injury. Common causes of cervical facet pain 
include acceleration-deceleration cervical injuries 
(whiplash), a sudden torque motion to the head and 
neck with extension and rotation, and a cervical com-
pression force. In some cases, simply looking upward 
may cause facet pain. The cervical facet joints may also 
become painful in conjunction with a cervical disc 
herniation, after a cervical discectomy or fusion, or 
after a cervical compression fracture.

SYMPTOMS
Patients typically complain of suboccipital and general-
ized posterior neck pain but may present with localized 
tenderness over the posterolateral aspect of the neck. 
Pain provoked with cervical extension and axial rotation 
is common. These joints may refer pain anywhere from 
the midthoracic spine to the cranium and often in the 
suboccipital region.4-6 Neurologic fi ndings such as numb-
ness, weakness, atrophy, and refl ex changes in the upper 
extremities are not expected in patients with primary 
cervical facet pain. Concomitant nerve root or cord injury 
is suspected if these clinical fi ndings are present.

PHYSICAL EXAMINATION
The essential element of the examination is manual 
palpation of the spinal segments and elicitation of re-
producible pain over the involved joints.7 The area of 
maximum tenderness is often over the paraspinal mus-
cles, which overlie the facet joints, and is precipitated by 
excessive cervical lordosis, causing abnormal joint 
forces. The fl uidity of motion of the involved spinal 
area–cervical region may suggest extension pain with 
relief on fl exion. Patients may present with loss of cervi-
cal motion and paraspinal spasms. Unless cervical disc 
or nerve root disease is also present, the fi ndings of the 
cervical examination are otherwise typically normal.

FUNCTIONAL LIMITATIONS
Cervical extension and rotation, overhead reaching, and 
overhead lifting may be diffi cult when the cervical spine 
is involved. This may interfere with activities such as 
driving, going to the theater, and brushing one’s hair.

DIAGNOSTIC STUDIES
Fluoroscopically guided intra-articular arthrography-
confi rmed anesthetic injections are considered the “gold 
standard” for diagnosis (Fig. 2-1).8-11 Abnormalities 
detected on radiography, computed tomography, or 
magnetic resonance imaging have not been shown to 

2Cervical Facet Arthropathy

Ted A. Lennard, MD

Synonyms
Apophyseal joint pain
Facet joint arthritis
Z-joint pain
Zygapophyseal joint pain
Posterior element disorder
Spondylosis

ICD-9 Codes
715.1 Osteoarthrosis, localized, primary
715.2 Osteoarthrosis, localized, secondary
719.4 Pain in joint
721.0 Cervical spondylosis without myelopathy
723.1 Cervicalgia
723.9  Unspecifi ed musculoskeletal disorders and symptoms 

referable to neck
847.0  Neck: atlanto-occipital (joints), atlantoaxial (joints), 

whiplash injury
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correlate with facet joint pain. A single-photon emission 
computed tomographic scan can be used in refractory 
cases of suspected cervical facet disorders to rule out un-
derlying bone processes that may mimic facet pain (e.g., 
spondylolysis, infection, tumor).12 When an abnormality 
is detected, the scan may confi rm the proposed diagnosis 
and determine which specifi c joint is affected.

TREATMENT
Initial
Initial treatment emphasizes local pain control with ice, 
nonsteroidal anti-infl ammatory drugs and oral analge-
sics, topical creams, transcutaneous electrical nerve stim-
ulation, local periarticular corticosteroid injections, and 

avoidance of exacerbating activities.13 Specialized pillows 
may be helpful, but rarely are cervical collars indicated.

Rehabilitation
Manual forms of therapy (i.e., myofascial release, soft tis-
sue mobilization, muscle energy, and strain-counterstrain 
techniques) and low-velocity manipulations (e.g., osteo-
pathic manipulation) may be useful to patients with 
isolated facet disorders. In healthy patients with no as-
sociated spinal disease (e.g., disc abnormalities, radicu-
lopathy, stenosis, fracture), low-velocity manipulations 
may be used on a limited basis in cases unresponsive to 
routine conservative care.14-16 Use in the cervical region 
should be approached with extreme caution and per-
formed only by experienced practitioners.

Physical therapy may consist of passive modalities such 
as ultrasound, electrical stimulation including transcuta-
neous electrical nerve stimulation, traction, and dia-
thermy to reduce local pain. However, these modalities 
have not been shown to change long-term outcomes.14-17

Regional manual therapy with facet gapping techniques 
can be helpful. Advancement into a fl exion-biased exer-
cise program with regional stretching is the mainstay of 
rehabilitation. Cervical exercises include both isometric 
and isotonic resisted forward and lateral fl exion move-
ments. For recurrent episodes of pain, a change in daily 
and work activity or in sporting technique and other bio-
mechanical adjustments may eliminate the underlying 
forces at the joint level.

Procedures
Intra-articular, fl uoroscopically guided, contrast-enhanced 
facet injections are considered critical for proper diagnosis 
and can be instrumental in the treatment of facet joint 
arthropathies. Some centers use ultrasound guidance.18

A patient can be examined both before and after injection 
to determine what portion of his or her pain can be 
attributed to the joints injected. Typically, small amounts 
of anesthetic or corticosteroid are injected directly 
into the joint. Another step may be to perform medial 
branch blocks of the affected joints with small volumes 
(0.1 to 0.3 mL) of anesthetic. If the facet joint is found 
to be the putative source of pain, a denervation procedure 
by use of radiofrequency, cryotherapy, or chemicals 
(e.g., phenol) may be considered.19,20 Acupuncture may 
also be considered.21

Surgery
Surgery is rarely necessary in isolated facet joint ar-
thropathies. Surgical spinal fusion may be performed 
for discogenic pain, which may affect secondary cases of 
facet joint arthropathies.

POTENTIAL DISEASE COMPLICATIONS
Because facet joint arthropathy is usually degenerative 
in nature, this disorder is often progressive, resulting in 
chronic, intractable spinal pain. It usually coexists with 

FIGURE 2-1. Lateral radiograph of a C2-3 Z-joint arthrogram by a lateral 
approach. (Reprinted with permission from Dreyfuss P, Kaplan M, Dreyer 
SJ. Zygapophyseal joint injection techniques in the spinal axis. In Lennard 
TA, ed. Pain Procedures in Clinical Practice, 2nd ed. Philadelphia, Hanley & 
Belfus, 2000:291.)

Differential Diagnosis

Disc herniation

Internal disc disruption

Degenerative disc disease

Myofascial pain syndrome

Nerve root compression

Cervical stenosis

Spondylolysis, spondylolisthesis

Infection

Tumor

Osteoid osteoma
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spinal disc abnormalities, further leading to chronic 
pain. This subsequently results in diminished spinal 
motion, weakness, and loss of fl exibility.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment-related complications may be caused by medi-
cations; nonsteroidal anti-infl ammatory drugs may cause 
gastrointestinal and renal problems, and analgesics may 
result in liver dysfunction and constipation. Local peri-
articular injections and acupuncture may cause local tran-
sient needle pain. Facet injections may cause transient 
local spinal pain, swelling, and possibly bruising. More 
serious injection complications may include infection, 
injury to a blood vessel or nerve, injury to the spinal cord, 
and allergic reaction to the medications.11 Exacerbation 
of symptoms often transiently occurs after injection. 
Cervical injections may also precipitate headaches.
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DEFINITION
The term cervical degenerative disease encompasses a 
wide range of pathologic changes affecting all the com-
ponents of the cervical spine that may lead to axial or 
radicular pain.

The mechanisms underlying cervical degenerative dis-
ease are complex and multifactorial. Genetics, aging, 
and attrition may all play an important role. It is be-
lieved that disc degeneration results in altered, abnor-
mal load distribution, which in turn leads to a cascade 
of structural changes that affect the various components 
of the spinal column. This leads to structural changes 
that may change spinal posture and stability and may 
compromise neural function. The pathomechanisms 
underlying axial and radicular pain are still not com-
pletely clear. Increased vascularization after discal her-
niation and the presence of infl ammatory mediators 
such as nitric oxide, prostaglandin E2, interleukin-6, 
matrix metalloproteinase, and others play an important 
role in the pathogenesis of pain.1

In the seventh and eighth decades of life, most if not all 
individuals display diffuse degenerative changes through-
out the cervical spine. Only a fraction of these individu-
als, however, have clinical signs and symptoms. Not 
uncommonly, individuals who are symptomatic early 
on become asymptomatic as the degenerative process 
evolves.

The lowest fi ve cervical vertebrae are connected by fi ve 
structural elements: the intervertebral disc, the facet 
joints, and the neurocentral joints (joints of Luschka).2

The neurocentral joints are unique to the cervical spine 
and do not appear anywhere else in the spinal column. 
These joints, located in the posterolateral aspect of the 
vertebral bodies, consist of bone projections that articu-
late with the vertebral body above them (Fig. 3-1). They 
provide some stability to the very mobile cervical spine 
and protect the exiting nerve roots from pure lateral disc 
herniations. Once the disc degenerates, however, these 
joints may hypertrophy, narrow the intervertebral fo-
ramina, and modify their shape, thus compromising the 
radicular nerves or the dorsal root ganglia. A similar 
degenerative process may involve the facet joints that 
are posteriorly located, and they in turn may compress 
the exiting neural elements from the back. Indeed, the 
most common cause of cervical radiculopathy is fo-
raminal narrowing due to facet or neurocentral joint 
hypertrophy.3 The lower cervical spine, especially C4-5, 
C5-6, and to a lesser extent C6-7, is the source of pain 
in most symptomatic individuals. Unlike in the lumbar 
spine, nucleus pulposus herniation is less frequent and 
is the cause of radicular pain in only 20% to 25% of 
cases.3,4 As the spinal cord occupies a substantial pro-
portion of the cervical spinal canal, posteriorly directed 
herniations can result in signifi cant cord compression 
as well as radicular symptoms.

In the general population, the point prevalence for neck 
pain ranges between 9.5% and 22%, whereas lifetime 
prevalence may be as high as 66%. The annual inci-
dence is higher in men and peaks around 50 to 54 years 
of age.5,6

SYMPTOMS
The most common symptom, one that drives most of 
the patients to the physician’s offi ce, is pain. In this re-
spect, two large groups of patients can be recognized: 
patients whose main complaint is limited to axial pain 
and patients with radicular pain. Patients with axial 
pain typically complain of stiffness and pain in the cer-
vical spine. The pain is usually more severe in the up-
right position and relieved only with bed rest. Cervical 
motion, especially hyperextension and side bending, 
increases the pain. In patients with pathologic changes 
involving the upper cervical joints or degeneration of 

3
Cervical Degenerative 

Disease

Avital Fast, MD, and Miriam Segal, MD

Synonyms
Spinal stenosis of cervical region
Intervertebral disc disorder with myelopathy
Cervical spondylosis with myelopathy

ICD-9 Codes
721.1 Cervical spondylosis with myelopathy 
722.7 Intervertebral disc disorder with myelopathy 
723.0 Spinal stenosis of cervical region 
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upper cervical discs, the pain may radiate into the head, 
typically into the occipital region. In patients with lower 
cervical disease, the pain radiates into the region of the 
superior trapezius or the interscapular region. On occa-
sion, patients present with atypical symptoms such as 
jaw pain or chest pain–cervical angina.

Identifi cation of the pain generator and its management 
are far more challenging in patients with axial pain be-
cause imaging studies frequently show multilevel patho-
logic changes, such as multilevel disc degeneration, 
facet arthropathy, and uncovertebral joint disease. It is 
often diffi cult and quite challenging to identify the ex-
act source of pain. As the facets and the uncovertebral 
joints, peripheral discs, and ligaments all contain nerve 
endings, each one or a combination of them could be 
the source of pain.4

Patients with radicular pain have symptoms commen-
surate with the involved nerve root. The pain usually 
follows a myotomal distribution and is frequently de-
scribed as boring, aching, deep-seated pain. The pain is 
made worse by tilting the head toward the affected side 
or by hyperextension and side bending. Infrequently, 
patients fi nd that the pain may be made more tolerable 
when the hand of the symptomatic side is placed over 
the top of the head (shoulder abduction release).7 The 
sensory symptoms (numbness, tingling, and burning 
sensation) usually follow the dermatomal distribution. 
When carpal tunnel syndrome accompanies cervical 
radiculopathy (double crush syndrome), the sensory 
changes may be in median nerve distribution. Scleroto-
mal pain, frequently overlooked or interpreted as trig-
ger points, may be present and commonly resides in 
the medial or lateral scapular borders.8,9 On occasion, 

patients complain of arm or hand weakness as they 
may drop things or fi nd diffi culty with routine activities 
of daily living.

PHYSICAL EXAMINATION
Because of severe axial pain, the patient may keep the 
head and neck immobile as cervical movements may in-
crease the symptoms. Frequently, the only comfortable 
position is when the patient reclines and the neck is un-
loaded. Axial pain may increase with cervical extension or 
side bending. The Spurling sign, whereby simultaneous 
axial loading and tilting of the head toward the sympto-
matic side in the upright position are performed, elicits 
neck and radicular pain. Manual neck distraction may 
alleviate the symptoms. Tender spots are frequently found 
over the cervical paraspinal muscles, within the superior 
trapezius muscles, or in muscles supplied by the compro-
mised root. These spots refer to areas within the muscles 
that, when stimulated, elicit a sensation of local pain.9
Tender spots may be of diagnostic signifi cance, especially 
when they are found unilaterally or in conjunction with 
other symptoms of cervical radiculopathy.

In patients with radicular pain, depending on the root 
involved, examination may reveal weakness in myoto-
mal distribution, sensory changes in dermatomal dis-
tribution, and refl ex changes (Table 3-1). Meticulous 
physical examination helps identify the compromised 
root: C5 root compromise will affect shoulder abduc-
tion; C6, elbow fl exors; C7, elbow extensors; and C8, 
fi nger fl exors. Finding of concomitant sensory and re-
fl ex changes is helpful. Dermatomal arrangement is 
not fi xed and may vary in different patients because of 
aberrant rootlets or anastomoses between peripheral 
nerves. Frequently, dermatomes represent only a por-
tion of the root’s domain.10 The dermatomal charts are 
useful, however, and play a role in the patient’s diag-
nosis. Radicular pain frequently occurs without weak-
ness, refl ex, or apparent sensory changes. The most 
frequently affected roots are C5, C6, and C7.3,6 In the 
cervical region, unlike in other regions of the spine, 
the nerve roots exit the spine above their respective 
vertebrae; the C5 nerve root exits above C5 vertebra 
and hence may be compromised by herniation of the 
C4-5 intervertebral disc. The C8 nerve root exits below 
the C7 vertebral body; all the subsequent nerves below 
that level follow the same pattern.

Joint of Luschka 

Uncinate process 

FIGURE 3-1.  Schematic representation of the joint of Luschka in the coro-
nal plane. (Reprinted with permission from Fast A, Goldsher D. Navigating 
the Adult Spine. New York, Demos Medical Publishing, 2007.)

TABLE 3-1 Salient Features of the Most Frequently Affected Roots

Predominantly Affected Muscles Sensory Distribution Refl ex Changes 

C5 Deltoid, supraspinatus, and infraspinatus Shoulder and lateral aspect of arm Supinator refl ex

C6 Elbow fl exors: biceps brachialis, brachioradialis, 
and radial extensors of the wrist

Distal lateral forearm, thumb, and index fi ngers Biceps refl ex

C7 Triceps, wrist fl exors Dorsal aspects of forearm and middle fi nger Triceps refl ex

C8 Flexor digitorum superfi cialis and 
profundus 

Ulnar aspects of forearm, hand, and fourth and 
fi fth fi ngers

No refl ex changes
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Looking for long tract signs is of paramount importance 
because their presence points toward cord compression 
and may modify the treatment plan. The diagnostic ac-
curacy of the physical examination is fairly reliable and 
may correlate well with imaging studies.8,11,12

FUNCTIONAL LIMITATIONS
The functional limitations associated with cervical de-
generative disease depend on the extent of the degen-
erative changes and the neurologic involvement. Not 
infrequently, patients are asymptomatic, and the only 
functional limitation noted is loss of cervical range of 
motion. They tend to hold the neck in a forward 
stooped posture; the neck is held in forward fl exion and 
cannot achieve extension. When these patients stand 
against a wall, the back of the head may be inches away 
from it, and they cannot straighten the cervical spine. 
These patients may function well but have limited range 
of motion in all planes and cannot look up. When 
weakness is present, patients may have functional defi -
cits corresponding with their spinal level of involve-
ment (e.g., patients with C8-T1 involvement may drop 
things and have diffi culties with movements requiring 
fi ne motor coordination).

DIAGNOSTIC STUDIES
Radiographs are frequently obtained but are of limited 
use. Anteroposterior, lateral, oblique, and fl exion and 
extension views should be obtained. The vertebral com-
ponents are clearly seen in these studies but not the in-
tervertebral discs, spinal cord, or peripheral nerves. The 
x-ray fi lms clearly show degenerative changes (narrow-
ing intervertebral discs; spurs and calcifi ed or ossifi ed 
soft tissues). Frequently, there is no good correlation 
between the symptoms and the extent of degenerative 
fi ndings on radiographs.12 Diffuse multilevel changes 
are frequently observed but are, for the most part, irrel-
evant to the patient’s symptoms. Flexion and extension 
views are important as they can detect degenerative in-
stability that is responsible for the symptoms and that 
may not be seen in the static views.6 Radiographs are 
not helpful in the early stages of infection and tumors.

Magnetic resonance imaging is the diagnostic modality 
of choice because it allows visualization of the whole 
cervical spine without irradiation  and enables the clini-
cian to assess the neural structures (cord, roots) as well 
as the soft tissues (discs, ligaments). Correlation of the 
imaging studies with the history and clinical examina-
tion is of utmost importance because in many individu-
als, the magnetic resonance imaging studies reveal sig-
nifi cant pathologic changes (herniated discs, neural 
foraminal stenosis) that are totally irrelevant to the pa-
tient’s complaints and symptoms (Fig. 3-2). Computed 
tomographic myelography is frequently obtained before 
surgery and should not be obtained on a routine basis. 
Patients with axial pain who do not respond to conser-
vative measures can be referred for discography to iden-
tify the pain generator. Discography may be the only 

way to identify the disc responsible for the symptoms; 
however, it remains controversial at present. Electrodi-
agnostic studies play an important role, especially in the 
patient with diabetes or whenever peripheral neuropa-
thies are suspected.13

TREATMENT
Initial
The management of axial pain without radicular pain is 
much more challenging than the management of radicu-
lar pain. In the case of axial pain, it is often diffi cult to 
identify the pain generator and thus to initiate a direct 
therapeutic response. Anti-infl ammatory drugs along with 

FIGURE 3-2.  Sagittal T2-weighted image of the cervical spine showing 
spinal cord compression at the C3-4 and C4-5 levels. At the C3-4 level, the 
cord is compressed from the front and from the back. No cerebrospinal 
fl uid is visible in the compressed regions.

Differential Diagnosis14

Rotator cuff tendinitis

Rotator cuff tear

Peripheral neuropathies

Carpal tunnel syndrome

Spine tumors

Spinal infection

Brachial plexopathy

Thoracic outlet syndrome
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analgesic drugs should be prescribed as a fi rst line of treat-
ment in the initial stages of the disease. Patients with se-
vere radicular pain may be managed with systemic ste-
roids, such as Medrol Dosepak, when they do not respond 
to other anti-infl ammatory drugs. A substantial percent-
age of patients with spondylotic radicular nontraumatic 
pain are expected to improve signifi cantly after fl uoro-
scopically guided therapeutic selective nerve root injec-
tions.15,16 Steroids may be benefi cial in relieving pain be-
cause they reduce infl ammation and swelling, thereby 
facilitating neural nutrient and blood supply, and stabi-
lize neural membranes, thus suppressing ectopic dis-
charges within the affected nerve fi bers. They may be ad-
ministered during the course of a week to 10 days in 
tapering dose. For severe pain, a starting dose of 70 mg of 
prednisone decreasing by 10 mg daily may be recom-
mended. Medrol Dosepak (methylprednisolone) is quite 
handy, as the daily dose is prearranged separately within 
the package. Steroid administration carries certain risks. 
These should be considered before steroid adminis tration. 
Patients with severe burning pain may respond favorably 
to gabapentin (Neurontin) or pregabalin (Lyrica).

The patient should be instructed to try the shoulder 
abduction release maneuver as a therapeutic measure 
(i.e., put the affected hand over the head) with the hope 
that this might decrease the tension on the affected 
nerve root and bring some symptomatic relief.17

Rehabilitation
Conclusive quality works that clearly defi ne the most 
effi cient rehabilitation approach to patients with neck 
pain are still lacking.5 The following paragraph sum-
marizes the more commonly applied methods.

Activity modifi cations are of paramount importance. It 
has been demonstrated in vivo that the neural forami-
nal dimensions vary with fl exion and extension. It has 
been shown that cervical fl exion increases foraminal 
height, width, and cross-sectional area, whereas exten-
sion has the opposite effects.18,19 Because foraminal 
narrowing plays a major clinical role in patients with 
cervical radicular pain, patients should be advised to 
avoid activities in which cervical extension is involved. 
The patients should be instructed to drink with a straw, 
to avoid overhead activities, to face the sink while sham-
pooing the hair, to adjust the monitor height, and the 
like. Temporary immobilization of the cervical spine 
may bring about some relief. This can be accomplished 
with a collar when the patient is mobile but should be 
used only temporarily. Cervical traction, provided it is 
administered in slight fl exion, may be of value in pa-
tients with radicular pain. Traction could be adminis-
tered manually or, preferably, through a mechanized 
approach. The distraction forces that are applied to the 
neck can, to some extent, relieve nerve compression by 
increasing the foraminal height and the intervertebral 
distance.20 Traction application in the supine position is 
preferable because the weight of the head is eliminated 
and all the traction forces are effectively directed to the 
cervical spine. No conclusive evidence that proves the 
therapeutic effi cacy of cervical traction exists, however.21

Superfi cial heat should be applied concomitantly with 
the traction as an adjunct therapy to relax the muscles 
before and during traction. Isometric neck exercises 
should be recommended as they may preserve muscle 
tone and strength without leading to pain. Cervical 
range of motion exercises are not recommended in pa-
tients with acute pain.

Manual medicine (massage, mobilization, manipula-
tion), acupuncture, and electrical stimulation are also 
widely used. Although these approaches are popular, 
studies demonstrating their effi cacy are still lacking.22-28

Procedures
Translaminar and transforaminal (selective nerve root) 
steroid administration may provide signifi cant and at 
times long-term relief in patients with radicular pain. 
Properly selected, up to 60% of patients who are man-
aged with selective nerve root injection may have good 
to excellent outcome.3,15 Because there may be a signifi -
cant risk with these injections (vertebral artery injury), 
they should be fl uoroscopically guided and adminis-
tered only by physicians with proper training.

Surgery
The main indications for surgery are severe or progres-
sive neurologic defi cits and persistent pain that does not 
respond to conservative measures.

The standard surgical treatment of cervical radiculopa-
thy for many decades has been anterior cervical decom-
pression and fusion. This approach prevailed because in 
most patients with cervical radiculopathy, the symp-
toms are caused by osteophytes compressing the nerves 
within the intervertebral foramina, and laminectomy is 
not effective in these cases.

The anterior approach permits excellent access to ante-
riorly impinging structures, such as discs and spondy-
lotic spurs. Some surgeons add instrumentation (i.e., 
plate) to increase the fusion rate and the postoperative 
stability.12 Adequate foraminal decompression can re-
sult in early pain relief and enhanced muscle strength. 
Long term, however, no signifi cant differences have 
been found between conservatively and surgically 
treated patients.24,29

The negative long-term effects of fusion have only re-
cently been appreciated. Fusion leads to stiffness and 
lost range of motion, and over the years, it results in 
next-level degeneration (i.e., accelerated discal degen-
eration above and below the fused vertebrae). This has 
led to the development of disc replacement surgery. 
Whereas the concept of disc replacement is attractive 
because disc replacement maintains the intervertebral 
discal height while preserving spinal motion,30 the indi-
cations for this approach and its long-term effects have 
not yet been determined. Patients with single-level soft 
disc herniation may be operated on from the back. In 
these patients, laminotomy with foraminotomy may 
bring about relief without fusion and its complications 
while maintaining cervical stability.12
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POTENTIAL DISEASE COMPLICATIONS
Chronic pain and permanent neurologic defi cits may 
develop in some patients. These may compromise the 
quality of life and interfere with activities of daily living.

POTENTIAL TREATMENT 
COMPLICATIONS
Surgical complications include infection, nerve in-
jury, pain, stiffness, pseudarthrosis, and next-level 
degeneration.
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DEFINITION
Cervical radiculopathy is characterized by signs and 
symptoms related to cervical nerve root dysfunction. 
The patient usually presents with neck pain that radiates 
into the arm. It can be associated with loss of motor 
function, sensory loss, or refl ex changes in the affected 
nerve root distribution.

There are eight cervical nerve roots, and each cervical 
nerve root exits above the vertebra of the same numeric 
designation, except for C8, which exits above the T1 
vertebra. The neuroforamina are bordered anteromedi-
ally by the uncovertebral joint, posterolaterally by the 
facet joint, and superiorly and inferiorly by the pedicles 
of the vertebral bodies above and below.

The most common causes of cervical radiculopathy 
are cervical disc herniation (most commonly postero-
lateral) and cervical spondylosis (osteophytic spurs 
from the vertebral body, uncovertebral joint, facet 
joint, or a combination) causing nerve root compres-
sion1-3 (Figs.4-1 and 4-2; see also Chapter 3). C7 is the 
most commonly affected nerve root, followed by C6, 
C8, and C5 in descending order of incidence.4-7 Ra-
diculopathies of the C2 to C4 nerve roots are thought 
to be uncommon and clinically diffi cult to distinguish 
from other sources of pain. The exact pathogenesis of 
radicular pain is unclear, but it is thought that infl am-
mation, in addition to compression, is necessary for 
pain to develop.8-11

This chapter primarily focuses on cervical radiculopathy 
arising from extradural compression by disc material or 
osteophytes.

SYMPTOMS
Patients usually present with neck and predominantly 
sharp, radiating pain in the upper extremity; the spe-
cifi c distribution depends on the nerve root involved. 
In general, there is no preceding trauma or inciting 
event.4,5 In a majority of patients, neck or scapular 
pain precedes the onset of radicular symptoms.6,12,13

Pain radiates in a myotomal pattern, but it also may 
be felt in the shoulder, interscapular, scapular, suboc-
cipital, and rarely chest wall regions. Numbness and 
paresthesias follow a dermatomal pattern and most 
commonly are noted in the distal aspect of the derma-
tome. Of the subjective complaints, the distribution 
of hand paresthesias appears to have the greatest lo-
calizing value.7 Cervical hyperextension and lateral 
bending or rotation ipsilateral to the pain exacerbate 
symptoms, as do coughing and Valsalva maneuvers. 
Association of symptoms with unusual exacerbating 
factors, such as eating or running, is a clue to possible 
visceral disease.14 Patients may obtain relief with tilt-
ing of the head away from the painful side or eleva-
tion of the hand over the head. Patients may note arm 
weakness or inability to perform certain daily activi-
ties, such as pulling, pushing, or grasping. Mild weak-
ness that is demonstrable by careful examination 
often goes unnoticed by the patient.

A small percentage of patients will present only with 
weakness without signifi cant pain or sensory com-
plaints. Alternative diagnoses, such as motor neuron 
disease, myelopathy, myopathy, and chronic rotator cuff 
tear, should especially be considered for patients with 
this type of presentation. Clinicians should routinely 
inquire about symptoms of myelopathy. Bilateral hand 
numbness and diffi culty with fi ne hand motor skills, 
such as handling change or small objects, are usually 
early signs of myelopathy. Poor balance, falls, and 
bowel or bladder dysfunction are not features of a dis-
crete radiculopathy and should alert the clinician to rule 

4Cervical Radiculopathy

Isaac Cohen, MD, and Cristin Jouve, MD

Synonyms
Cervical disc herniation
Cervical radiculitis
Brachialgia

ICD-9 Codes
722.0  Displacement of cervical intervertebral disc without 

myelopathy
723.4  Brachial neuritis or radiculitis; cervical radiculitis; radic-

ular syndrome of upper limbs
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out spinal cord compression. Cervical myelopathy 
related to spondylosis is more commonly seen in the 
elderly.

PHYSICAL EXAMINATION
A useful approach to the patient with neck and arm 
pain involves categorization of the clinical presentation 
into axial pain, radiculopathy, myelopathy, or some 
combination of these. The distinction between radicu-
lopathy and myelopathy is important as it will guide 
workup and treatment.

The clinician should observe the patient’s gait, posture, 
and muscle bulk in the shoulder girdle and upper ex-
tremities. The bone and soft tissue structures of the cervi-
cal spine are palpated to assess for deformity or tender-
ness. Tenderness and muscle spasm are commonly 
present ipsilaterally. The cervical range of motion is as-
sessed to determine its relation to symptoms, to identify 
impairments, and to establish a baseline for serial exami-
nations. There is usually a reduction in active cervical 
range of motion, especially with extension, lateral bend-
ing, and rotation toward the symptomatic side, as these 
cause neuroforaminal narrowing and hence compression 
of the symptomatic nerve root. The normal cervical range 
of motion is as follows15: fl exion, 45 degrees; extension, 
55 degrees; lateral bending, 40 degrees; rotation, 70 de-
grees. A screening test of the shoulder involves asking the 
patient to abduct the arms overhead as well as to place 
the hands behind the low back. If an abnormality is 
noted, one should perform a more detailed assessment 
of the shoulder. Limited or painful shoulder motion, lo-
calized tenderness, and positive impingement signs are 
more suggestive of shoulder disease.

The main objectives of the neurologic examination are to 
demonstrate specifi c nerve root involvement and to rule 
out myelopathy. The examiner should look for myotomal 
weakness, diminished or absent muscle stretch refl exes, 
and dermatomal hypesthesia of the involved nerve root 
(Table 4-1). Comparison to the contralateral (uninvolved) 
side is helpful, and the distribution of motor weakness 
appears to be the most reliable physical examination sign 
to localize the lesion to a single root level.7 The examiner 
may be able to detect subtle weakness by putting the 
tested muscle at a mechanical disadvantage. The C5-6 
myotomes can be examined by testing external shoulder 
rotation with elbows fl exed to 90 degrees and stabilized 
against the sides of the body. Alternatively, these myo-
tomes can be examined by applying downward resistance 
against abducted, internally rotated arms. The C6-7 myo-
tomes may be tested by having the patient pronate the 
hand from the neutral position against resistance while 

FIGURE 4-1. Discs typically herniate posterolaterally and cause radicular 
symptoms when they compromise exiting nerve roots.

FIGURE 4-2. Axial view of disc herniation illustrated in Figure 4-1.

TABLE 4-1 Diagnosing Cervical Radiculopathy

Root Motor Refl ex Sensory

C5 Deltoid, spinati, biceps Biceps Lateral aspect of upper arm

C6 Biceps, brachioradialis, wrist extensors, 
pronator teres

Biceps, brachioradialis, pronator Radial distal forearm and thumb, occasionally index 
fi nger

C7 Triceps, wrist extensors, pronator teres Triceps, pronator Posterior arm, dorsal forearm, middle and index fi ngers, 
occasionally index and ring fi ngers

C8 Intrinsic hand muscles No reliable refl ex is available Medial forearm, fourth and fi fth digits
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the elbows are kept fl exed to 90 degrees and stabilized 
against the sides of the body. The C7 myotome can also 
be examined by applying resistance against a fully fl exed 
elbow and asking the patient to extend the elbow. Myoto-
mal weakness of less than 3/5 is rare, given that all muscle 
groups in the upper extremity receive innervation from 
more than one root. This fi nding should prompt the clini-
cian to consider alternative diagnoses, such as polyradicu-
lopathy, brachial plexopathy, and shoulder disease. Di-
minished muscle stretch refl exes can localize the level to 
one of two roots. The pronator refl ex may be helpful to 
distinguish a C6 from a C7 nerve root lesion compared 
with other refl exes.16 Dermatomal examination of light 
touch and pinprick assessment should be performed at 
the distal aspect of the dermatome. Gait and lower ex-
tremity strength should be tested to screen the patient for 
myelopathy. In addition, upper motor neuron fi ndings 
are sought: Hoffmann sign, hyperrefl exia of the lower ex-
tremities, Babinski response, and clonus. There are several 
provocative and relief maneuvers available to supplement 
the examination, and these appear to have greater yield 
for the lower cervical nerve roots (i.e., C6 to C8).17-19 The 
Spurling test (Fig. 4-3), as originally described by Spurling 
and Scoville in 1944, is performed by having the patient 
tilt the head and neck toward the painful side, with ap-
plication of pressure on top of the head.20 Reproduction 
of the patient’s radicular symptoms is considered a posi-
tive test result. Currently, the test is performed by combin-
ing cervical hyperextension, lateral rotation, and axial 
compression. Having the patient elevate the hand above 

the head (shoulder abduction test) and providing gentle 
manual axial traction with the patient in a supine posi-
tion (axial manual distraction test) are relief maneuvers 
that decrease nerve root tension and distract neuroforam-
ina, respectively. These maneuvers do not localize the 
level of pathologic change. A literature review indicated 
low sensitivity (40% to 50%), high specifi city (greater 
than 80%), and fair to good interexaminer reliability for 
the Spurling neck compression test, the neck distraction 
test, and the shoulder abduction (relief) test.20

FUNCTIONAL LIMITATIONS
Limitation of cervical rotation secondary to pain may 
limit a patient’s ability to drive and to perform overhead 
activities. Patients may experience arm weakness, fa-
tigue, or diminished grip strength. Triceps weakness 
may go unnoticed by a sedentary patient because gravity 
can assist in elbow extension. Pain commonly interferes 
with sleep, work, or social activities. Headaches may 
also be experienced, probably secondary to muscle 
spasm and guarding.

DIAGNOSTIC STUDIES
Magnetic resonance imaging is the study of choice for 
evaluation of cervical radiculopathy because it provides 
the best defi nition of the nerve root and herniation of 
the nucleus pulposus.2,21 Plain radiographs should be 

1

2

FIGURE 4-3. Spurling test. The patient fl exes the head to one side (1), and the examiner presses straight down on the head (2).
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performed in patients with a history or suggestion of 
trauma, infection, infl ammatory diseases, or cancer. 
Computed tomographic examination of the cervical 
spine can be benefi cial to rule out fractures and to ob-
tain further bone defi nition. All imaging studies require 
correlation for meaningful interpretation as radiologic 
abnormalities may be clinically irrelevant.

Electrodiagnostic testing (electromyography and nerve 
conduction studies) is not necessary if the diagnosis of 
cervical radiculopathy is apparent by history, physical 
examination, and imaging studies. It may be required 
to rule out neurologic conditions that mimic radicu-
lopathy. It may be helpful when the clinical presenta-
tion is discordant with the imaging fi ndings or to 
assess clinical relevancy of nonspecifi c structural 
changes.22 It may also be useful to verify subjective 
muscle weakness in patients who are pain inhibited or 
uncooperative with physical examination. The timing 
of electromyographic studies is important because evi-
dence of denervation in peripheral muscles may not 
appear until 3 to 4 weeks after the onset of symptoms. 
The sensitivity of electromyography for cervical radicu-
lopathy generally ranges from 50% to 70%, depending 
on the “gold standard” that is being used.23 Electromy-
ography is biased toward assessing for conduction 
block or axonal loss in motor nerves, and therefore it 
may not detect mild or pure sensory lesions of the 
nerve root.

TREATMENT
Initial
The initial treatment focuses on education of the pa-
tient and control of pain and infl ammation. The patient 
should be informed that most patients (70% to 80%) 
have good to excellent outcomes with conservative 
management24-32 and that most of the pain subsides 
within several weeks. Nonsteroidal anti-infl ammatory 
drugs may be used to decrease pain and infl ammation, 
and if necessary, a short course of tapering oral cortico-
steroids may be prescribed. Non-narcotic analgesics 
may be used for pain. Narcotic analgesics can be pre-
scribed for short periods if this regimen is not suffi cient 
in controlling pain.

Patients should be encouraged to maintain their nor-
mal activities of daily living in conjunction with light 
stretches and application of ice to the neck. Although 
soft cervical collars are frequently prescribed for short 
courses, there is risk of cervical soft tissue contracture 
and disuse weakness.

Rehabilitation
A multitude of treatments have been empirically de-
scribed for cervical disc herniation; these include heat, 
cold, massage, mobilization, traction, manipulation, 
trigger point therapy, acupuncture, and transcutaneous 
electrical nerve stimulation. However, the paucity of 
well-designed (randomized, controlled, prospective) 
studies in the literature makes it diffi cult to assess their 
effi cacy and whether they alter the long-term out-
come.24-32 Furthermore, there are no published guide-
lines in the literature for management of cervical radicu-
lopathy.3

Supervised physical therapy is generally not necessary in 
treating cervical radiculopathy if the patient’s pain re-
solves and the patient makes a functional recovery. 
However, patients who have persistent impairments or 
disability after resolution of acute radicular pain (e.g., 
diffi culty with cervical range of motion or arm weak-
ness) may benefi t from a course of physical therapy in-
volving progressive stretching and strengthening exer-
cises of the cervical paraspinal, shoulder girdle, and low 
back muscles.33-35

A workstation evaluation may be benefi cial to facilitate 
recovery or return to work. The focus should be on im-
proving posture and keeping the head and neck in a 
neutral position. Ergonomic equipment may include a 
telephone headset, slanted writing board, document 
holder, and book stand.

Procedures
The clinician may consider referral for a cervical epidu-
ral steroid injection if the aforementioned treatments 
do not alleviate the patient’s pain within 4 to 6 weeks. 
A clinician who is experienced in this procedure should 
perform this injection; either an interlaminar or transfo-
raminal technique may be used. The effi cacy of cervical 

Differential Diagnosis

Neurologic
Cervical myelopathy

Tumor (spinal, Pancoast)

Syringomyelia

Motor neuron disease

Herpes zoster

Brachial plexopathy

Peripheral nerve entrapment (median, ulnar, radial)

Musculoskeletal
Shoulder disease

Cervical spondylosis

Myofascial pain syndrome

Infl ammatory spine disease

Infection

Tumor

Tendinitis (epicondylitis, de Quervain)

Other
Cardiac ischemia
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epidurals is not known because prospective, random-
ized, controlled trials are lacking. Uncontrolled studies 
in the literature have reported good to excellent results 
in 60% to 76% of patients.36- 42

It is unclear in the literature how many injections a pa-
tient may receive and how often they may be performed. 
Clinicians usually perform up to three injections in a 
6- to 12-month period that are at least several weeks 
apart to assess the outcome of the previous injection.

Surgery
Indications for surgery are threefold: (1) progressive 
weakness, (2) myelopathy, and (3) intractable pain de-
spite aggressive conservative management.

Both anterior (anterior discectomy with or without fu-
sion) and posterior (foraminotomy) approaches have 
been documented in the surgical literature to have good 
outcomes.43,44 The approach in a given patient depends 
on the nature of the anatomic lesion and the preference 
of the surgeon. A detailed discussion of surgical proce-
dures is beyond the scope of this chapter.

POTENTIAL DISEASE COMPLICATIONS
Possible complications of cervical radiculopathy are 
persistent or progressive neurologic weakness, residual 
neck or radicular pain, chronic pain syndrome, disabil-
ity, and myelopathy (rare, usually associated with spon-
dylosis or large central disc herniation).

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory drugs may produce 
gastropathy, hyperkalemia, renal toxicity, hepatic toxic-
ity, exacerbation of asthma, drug-drug interaction, 
bleeding, and central nervous system effects. The use of 
steroids (short course) may result in mood changes, 
fl uid retention, facial fl ushing, hyperglycemia, gastropa-
thy, and suppression of the hypothalamic-pituitary-
adrenal axis. The side effects of narcotics are constipa-
tion, nausea, vomiting, sedation, impaired mentation 
or motivation, suppression of endogenous opioid pro-
duction, tolerance, addiction, biliary spasm, and respi-
ratory depression.

Cervical collars may cause disuse weakness of the cervi-
cal muscles, decreased range of motion, and reinforce-
ment of the sick role. Traction and exercise can exacer-
bate symptoms. Manipulation also may exacerbate 
symptoms and may result in recurrent disc herniation, 
worsening weakness, carotid dissection, stroke, and 
quadriplegia.

Epidural injection may produce vasovagal reactions, facial 
fl ushing, temporary exacerbation of symptoms, allergic 
reaction, hyperglycemia, spinal headache, epidural hema-
toma, infection, neural damage, and cardiopulmonary 
arrest. Surgery carries the following risks: infection; neuro-
logic damage to the spinal cord, nerve roots, or peripheral 

nerves; nonunion of fusion; hardware loosening, migra-
tion, or failure; persistent neck and arm pain; and acceler-
ated degeneration of the segment adjacent to fusion.
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DEFINITION
Cervical sprain or strain typically refers to acute pain 
arising from injured soft tissues of the neck, including 
muscles, tendons, and ligaments. The most common 
event leading to such injuries is motor vehicle collision. 
The mechanism of injury is complex. During a rear-end 
motor vehicle collision, the initial head and neck ac-
celeration lags behind vehicular acceleration. Eventu-
ally, head and neck acceleration reaches up to 21⁄2 times 
the maximum car acceleration, which subsequently re-
sults in dramatic deceleration at end range of motion of 
the neck.1,2 Whereas such injury can also result in frac-
ture, disc, or neurologic injury, cervical strain or sprain, 
by defi nition, excludes these entities.

Although these other entities need to be excluded from 
the differential diagnosis, recent evidence implicates the 
zygapophyseal joints as a source of neck pain after 
whiplash injury. Specifi cally, in a randomized con-
trolled trial in which the medial branches of the cervical 
dorsal rami were blocked with local anesthetics or 
treated with saline, it was shown that 60% of patients 
with whiplash injury had complete neck pain relief after 
injection of local anesthetic compared with no relief by 
injection of placebo.3

Many factors have been associated with worse outcome 
in acceleration-deceleration injuries involving motor 
vehicles. Older women tend to have a worse prognosis 
than that of younger women and men in general. In ad-
dition, poor education and a history of prior neck pain 
are prognostic factors for worse pain in women. Low 
family income, a history of prior neck pain, and lack of 
awareness of head position in the crash are associated 
with a poor prognosis in men.4 Additional crash-related 
factors associated with a worse outcome include occu-
pancy in a truck, being a passenger, colliding with a 

moving object, and getting hit head-on or perpendicu-
larly.5 A high intensity of neck pain, a decreased onset 
of latency of the initial pain, and radicular symptoms 
are also prognostic of worse outcomes.6 Because many 
of these injuries result in initiation of litigation by 
patients, this too is a poor prognostic indicator.

Other causes include sleeping in awkward positions, 
lifting or pulling heavy objects, and repetitive motions 
involving the head and neck.

Estimates exist that 1 million whiplash injuries each 
year are due to motor vehicle collisions.

SYMPTOMS
The most common presentation of patients with cervi-
cal strain or sprain is nonradiating neck pain (Fig. 5-1). 
Patients will also complain of neck stiffness, fatigue, 
and worsening of symptoms with cervical range of mo-
tion. The pain often extends into the trapezius region or 
interscapular region. Headache, probably the most com-
mon associated symptom, originates in the occiput re-
gion and radiates frontally. Increased irritability and 
sleep disturbances are common. Paresthesias, radiating 
arm pain, dysphagia, visual symptoms, auditory symp-
toms, and dizziness may be reported.6,7 Whereas an 
isolated cervical sprain or strain injury should be with-
out these symptoms, there is the possibility of con-
comitant neurologic or bone injury. If these symptoms 
are present, alternative diagnoses should be suspected. 
Myelopathic symptoms, which suggest a different diag-
nosis that is more serious, such as bowel and bladder 
dysfunction, must be investigated.

PHYSICAL EXAMINATION
The primary fi nding in a cervical sprain or strain injury is 
decreased or painful cervical range of motion. This may 
be accompanied by tenderness of the cervical paraspinal, 
trapezius, occiput, or anterior cervical (i.e., sternocleido-
mastoid) muscles (Fig. 5-2).

A thorough neurologic examination should be per-
formed to rule out myelopathic or radicular processes. 
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In an isolated cervical sprain injury, the neurologic ex-
amination fi ndings should be normal.

The result of the neurocompression test, in which the 
patient is asked to rotate and extend the head, thereby 
reducing the neuroforaminal space, should be negative 
with cases of cervical sprain or strain.

FUNCTIONAL LIMITATIONS
Restricted range of motion of the cervical spine may con-
tribute to diffi culty with daily activities such as driving. 
Patients often complain of neck fatigue, heaviness, and 
pain with static cervical positions such as reading and 
working at the computer. Sleep may be affected as well.

DIAGNOSTIC STUDIES
It is generally accepted that radiographs to exclude frac-
ture should be obtained in patients involved in a trau-
matic event and who have altered consciousness, are 
intoxicated, or exhibit cervical tenderness and focal 
neurologic signs with decreased range of motion on 
physical examination.8 Although the clinician may com-
monly see straightening of the cervical lordosis on the 
lateral cervical radiograph, this is thought to be related 
to spasm of the paracervical musculature and bears no 
other signifi cance (Fig. 5-3).

Studies such as magnetic resonance imaging scans, 
computed tomographic scans, and electrodiagnostics 
are typically used to rule out alternative or coexisting 
entities. All of these studies will have normal fi ndings in 
cases of cervical sprain or strain.

FIGURE 5-1. Typical pain distribution for a patient with an acute cervical 
sprain or strain injury.

Sternocleido-
mastoid

Trapezius

Scalenes

FIGURE 5-2. Muscles commonly involved in a cervical sprain or strain 
injury.

FIGURE 5-3. Cervical spine radiograph showing straightening of the 
spine and loss of the normal cervical lordosis.

Differential Diagnosis

Occult cervical fracture or dislocation

Cervical discogenic pain

Cervical herniated disc, radiculopathy

Cervical facet syndrome

Cervical spine tumor

Cervical spine infection
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TREATMENT
Initial
Initial interventions used in patients with cervical sprain 
or strain have not been scientifi cally tested. Education of 
the patient is critical for a realistic expectation of resolu-
tion of symptoms. In most cases, symptoms will resolve 
within 4 to 6 weeks. In some cases, however, resolution 
of symptoms may be delayed up to 6 to 12 months.

It is reasonable to recommend rest within the fi rst 24 to 
72 hours of injury. The detriments of prolonged bed rest 
and the use of cervical collars have been clearly described, 
and these “treatments” may, in fact, promote disability.9
The short-term use of nonsteroidal anti-infl ammatory 
drugs, muscle relaxants, and analgesic medications on a 
judicious basis is accepted to promote early return to 
activity.10 Muscle relaxants or low-dose tricyclic antide-
pressants (nortriptyline or amitriptyline, 10 to 50 mg 
at bedtime) are also used to help restore sleep in the 
patient for whom this is an issue.

High-dose intravenous methylprednisolone within 
8 hours of the whiplash injury has been studied and 
was shown to be associated with decreased pain at 
1 week after injury and fewer total sick days taken at 
6 months. However, larger trials are needed to further 
evaluate the cost-benefi t ratio for this treatment.11

Rehabilitation
No rehabilitation approach has been proved unequivo-
cally effective, although early mobilization and return to 
function is the key to successful rehabilitation. Cervical 
manipulation, massage, and mobilization on a limited 
basis are geared toward correction of segmental restric-
tions and restoration of normal range of motion. Such 
approaches have been shown to be more effective than 
passive modalities with regard to range of motion and 
reduction of pain.12 Therapeutic modalities such as ultra-
sound and electrical stimulation can be tried for pain 
control but have no proven effi cacy for long-term recov-
ery. In addition, cervical traction done either manually 
(by a physical therapist) or with a mechanical unit (pre-
scribed for home use) may be tried if there are no contra-
indications (i.e., fracture). Educational videos that make 
recommendations about posture, return to activity, exer-
cise, and pain relief methods may help reduce rates of 
persistent symptoms at 6 months after injury.13

Strengthening and stretching exercises for muscles with 
a tendency for tightness should be used in conjunction 
with the aforementioned techniques. Muscle imbal-
ances must be addressed, and weak muscle groups 
such as the scapular stabilizers (middle-lower trapezius, 
serratus anterior, and levator scapulae) should be 
strengthened. This is typically done after muscles with a 
tendency for tightness (upper trapezius, sternocleidomas-
toid, scalenes, latissimus dorsi, and pectoralis major 
and minor) are stretched.14 Cumulative data suggest 
that such an approach to cervical sprain injuries pro-
duces both long-and short-term benefi ts.8 The overall 
treatment goal is to achieve an independent, customized 

home exercise program so that the patient can become 
active in his or her treatment.15 An exercise protocol 
targeting shoulder and neck muscle strength and endur-
ance was effective in decreasing chronic neck pain and 
disability in 180 female police offi cers.

Evaluation of the home or work environment by an oc-
cupational therapist can also be of benefi t. Specifi cally, 
ergonomic alterations, such as the use of a telephone 
headrest and document holders, may aid in recovery.

Procedures
Trigger point injections are a reasonable adjunct to de-
crease pain so that patients may participate in physical 
therapy. The upper trapezius, scalenes, and semispinalis 
capitis are the most common muscles to develop trigger 
points after acceleration-deceleration injuries. Other 
trigger points tend to arise in the splenius capitis, longus 
capitis, and longus colli after such injuries.16 Botulinum 
toxin injections may be useful as well.17

Facet injections, epidural injections, and cervical trac-
tion may be instituted for conditions such as cervical 
radiculopathy and facet syndrome, which are often as-
sociated with cervical sprains and strains.

Surgery
Surgery is not indicated.

POTENTIAL DISEASE COMPLICATIONS
The main complication from the injury itself is chronic 
intractable pain leading to permanent loss of cervical 
range of motion and functional disability.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Muscle relaxants 
and low-dose tricyclic antidepressants can cause seda-
tion. Overly aggressive manipulation or manipulation 
done when there is a concomitant unidentifi ed injury 
(i.e., fracture) may result in serious injury. Injections are 
rarely associated with infection and allergic reactions to 
the medications used.
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DEFINITION
Cervical stenosis refers to pathologic narrowing of the 
spinal canal that can be either congenital or acquired. 
The congenital type is commonly due to short pedicles 
that produce an abnormally shallow central spinal ca-
nal.1 The main contributing factors to the develop-
ment of the acquired type are the degenerative, hyper-
trophic, age-related changes that affect the intervertebral 
discs, facet joints, and uncovertebral joints as well as 
the ligamentum fl avum (Fig. 6-1). On radiologic imag-
ing, these degenerative changes are present in 25% to 
50% of the population by the age of 50 years and in 
75% to 85% by 65 years.2-4 Some of the other factors 
that may contribute to pathologic narrowing of the 
spinal canal include degenerative spondylolisthesis, 
ossifi cation of posterior longitudinal ligament, and 
atlantoaxial subluxation as seen in rheumatoid arthri-
tis; rarely, it may be secondary to such extradural 
pathologic processes as metastatic disease, abscess for-
mation, and trauma.5

Spinal cord compression, or cervical myelopathy in 
symptomatic patients, commonly occurs at the cervical 
level C5-7, given the relatively increased mobility of 
those segments and the subsequent development of 
degenerative “wear and tear.” Concomitant compres-
sion of the exiting cervical nerve roots is also typically 
observed in cervical spondylotic disease. Symptom pro-
duction can occur by constant, mechanical compression 
of the neural elements or be of an intermittent, dynamic 
nature as seen with extremes of cervical fl exion and 
extension. Chronic compression can lead to local cord 
ischemia with subsequent development of cervical 
myelopathy.6

SYMPTOMS
Symptomatic presentation of cervical spinal stenosis can 
differ from patient to patient, depending on the patho-
logic process, the anatomic structures, and the cervical 
levels involved. Intervertebral disc degeneration and zy-
gapophyseal joint arthritis commonly present with axial 
neck pain. Patients with cervical foraminal stenosis may 
complain of radicular arm pain as well as of paresthesias, 
dysesthesias, numbness, and weakness of the upper ex-
tremity. On the other hand, patients with cervical central 
canal stenosis can present with myelopathic symptoms of 
the upper and lower extremities, neurogenic bladder and 
bowel, sexual dysfunction, and unsteady and stiff-legged 
gait as well as weakness, paresthesias, or numbness of the 
lower extremities. Lower extremity pain is not known to 
be a clinical symptom unless concomitant lumbar spinal 
disease is present.

PHYSICAL EXAMINATION
Physical examination fi ndings of the patient with cervi-
cal stenosis should be consistent with upper or lower 
motor neuron signs, depending on the spinal level in-
volved. Lower motor neuron fi ndings are more com-
monly seen in the upper extremities; these include 
muscle atrophy, diminished sensation, decreased re-
fl exes, diminished muscle tone, and weakness. Upper 
extremity myelopathic fi ndings, such as hyperactive re-
fl exes, increased tone, and present Hoffmann sign, can 
also be observed in cases of upper and mid cervical spi-
nal cord involvement. A Spurling sign (radicular pain 
on axial loading of an extended head rotated toward the 
involved extremity) can also be present.

Lower extremity examination is more consistent with 
upper motor neuron fi ndings in the presence of cervical 
stenosis with myelopathy. Increased refl exes, Babinski 
sign, sustained or unsustained clonus, spasticity, weak-
ness, decreased tactile and vibratory sensation, impaired 
proprioception, and neurogenic bowel and bladder can 
be seen. Lhermitte sign, an electric-like sensation that 
the patient reports going down the back when the neck 
is fl exed (Fig. 6-2), can sometimes be elicited.7 Refer to 
Chapter 1 for more detail.

Synonyms
Cervical spondylotic myelopathy
Spinal stenosis
Cervical myelopathy

ICD-9 Code
723.0 Spinal stenosis in cervical region
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FUNCTIONAL LIMITATIONS
The functional limitations depend on the extent of neu-
rologic involvement. A person with mild symptoms can 
still be completely independent with activities of daily 
living, mobility, household chores, and work duties. In 
some cases, pain and weakness can produce various 
degrees of disability in self-care, such as grooming, 
bathing, and dressing, as well as in more physically de-
manding functions, especially in the community set-
ting, such as lifting, carrying, and ambulation. Bowel 
and bladder incontinence as well as abnormalities of 

mood and sleep can further lead to social isolation and 
an increased level of actual and self-perceived disability. 
In extreme cases, paraplegia and quadriplegia can limit 
nearly all functional activities.

DIAGNOSTIC STUDIES
Facet and uncovertebral joint arthropathy, intervertebral 
disc space narrowing, neuroforaminal size reduction, 
and presence of spondylolisthesis can be evaluated with 
cervical spine radiographs; if dynamic instability is 

Osteophytes

Osteophytes

Buckled
ligamentum
flavum

Spinal cord
Intervertebral
discs

FIGURE 6-1. Cervical stenosis is a narrowing of the spinal canal that may be due to a variety of factors (e.g., congenital narrowing, osteophyte formation, 
hypertrophy of the ligamentum fl avum).

FIGURE 6-2. Lhermitte sign. The examiner fl exes the patient’s head and hip simultaneously.
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suspected, standing fl exion-extension views are advised. 
Presence of osseous and soft tissue disease as well as the 
extent of nerve root and spinal cord compression can be 
assessed by magnetic resonance imaging (Fig. 6-3). Com-
puted tomographic myelography can provide additional 
information on the extent of bone disease and the dy-
namic nature of neural compression during fl exion and 
extension. The new development of upright magnetic 
resonance imaging may be able to provide the same in-
formation on the dynamic behavior of spinal stenosis 
with less procedural invasiveness8 (Fig. 6-4). Somatosen-
sory evoked potentials can confi rm the presence of my-
elopathy, and electromyography can confi rm peripheral 
nerve root involvement.9

Several radiologic criteria exist to defi ne what consti-
tutes signifi cant stenosis of the cervical spine. Accord-
ing to some sources, an absolute cervical spinal steno-
sis is present when the sagittal spinal canal diameter is 
less than 10 mm, and relative spinal stenosis is present 
when this measurement is 10 to 13 mm.10,11 The Torg 
ratio of less than 0.8, which is measured by dividing 
the sagittal diameter of the spinal canal by the sagittal 
diameter of the respective vertebral body, predicts the 
presence of signifi cant spinal stenosis and tries to 
eliminate any inherent radiographic measurement er-
rors.12 A more widely accepted approach in evaluating 
the extent of stenotic pathologic changes is through the 
use of magnetic resonance imaging, which permits the 
functional capacity of the surrounding subarachnoid 
space and the state of the spinal cord itself to be more 
defi nitively assessed. The presence of intramedullary 
signal abnormalities warrants further investigation and 
a more aggressive treatment approach (see Fig. 6-3).

TREATMENT
Initial
Conservative treatment is generally undertaken in the 
absence of clinical evidence of cervical myelopathy. If 
cervical myelopathy is suspected or clearly evident, the 
patient must be immediately referred for an evaluation 
by a spine surgical specialist. When a patient is symp-
tomatic with pain but does not have myelopathic symp-
toms, relative decrease in physical activity for no longer 

AFIGURE 6-3. Severe C4-5 cervical stenosis. Disc-osteophyte complex 
and hypertrophic ligamentum fl avum are producing an indentation of 
the spinal cord. Notice an intramedullary hyperintensity signal consistent 
with spinal cord injury.

B

FIGURE 6-4. Sagittal magnetic resonance images of cervical spine with 
the patient recumbent (A) and standing with the neck extended (B).
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than 2 or 3 days is initially recommended. For severe 
cervical or radicular pain, a soft neck collar can be pre-
scribed for a few days with subsequent self-weaning by 
alternating periods of collar removal.13

Self-application of ice or heat for cervical pain and 
transcutaneous electrical nerve stimulation for radicular 
symptoms can be of benefi t to some patients.

Initial analgesics of choice are acetaminophen and non-
steroidal anti-infl ammatory drugs, which may show some 
effect in cervical as well as in radicular pain when they are 
taken at regular intervals. More than one family of nonste-
roidals should be tried before they are deemed to be inef-
fective. A short course of opioids and muscle relaxants 
may benefi t those patients with severe pain and strong 
contraindications to the use of acetaminophen and non-
steroidal anti-infl ammatory drugs. For recalcitrant, func-
tionally limiting radicular symptoms, a 7- to 10-day 
course of oral steroids is recommended. A tapering dose 
of oral prednisone can be prescribed starting with 60 mg 
and followed by 10- to 20-mg decrements every 2 or 
3 days. Persistent radicular pain can be treated with neu-
ropathic pain medications, such as gabapentin, pregaba-
lin, tricyclic antidepressants, clonazepam, and others.14

Education of the patient about the nature of cervical ste-
nosis, its worrisome signs and symptoms (e.g., progressive 
diffi culties with gait, urinary retention or incontinence), 
injury prevention, and the importance of staying active is 
of paramount importance. In older patients, fall preven-
tion and fall precautions should be immediately ad-
dressed to prevent catastrophic neurologic consequences. 
In individuals with magnetic resonance imaging evidence 

of severe cervical stenosis, certain physical activities, such 
as horseback or motorcycle riding, climbing ladders, and 
participation in contact sports, should be strongly dis-
couraged. Patients should also be advised to avoid the 
extremes of cervical extension and fl exion, as in swim-
ming the breast stroke, painting a ceiling, or performing 
legs over head backward stretching.

Rehabilitation
Physical and occupational therapy should focus on 
keeping patients as active as possible while educating 
them about activities that might place them at risk for 
further injury. Continued physical activity, such as walk-
ing and the use of a stationary bicycle, is recommended 
to prevent overall muscle and aerobic deconditioning. 
Gentle cervical traction may also be tried in the absence 
of severe stenosis or myelopathic fi ndings. With passing 
of the acute phase, a program consisting of stretching 
and isometric neck exercises should be undertaken. 
Once the pain-free range of motion is achieved, isotonic 
neck strengthening is initiated.15 Eventually, patients 
should be graduated to a home exercise program.

Work site evaluation and institution of certain job re-
strictions are recommended to prevent repetitive hyper-
extension or hyperfl exion activities. These might include 
adjustment of computer monitor height, recommenda-
tion for a phone headset, and restriction of duties re-
quiring activities above eye level. The use of bifocals 
should also be addressed because these require frequent 
head positional changes.

Depression and anxiety can lead to symptom magnifi ca-
tion and should be addressed by a mental health pro-
vider. Cognitive-behavioral therapy, biofeedback, self-
hypnosis, and relaxation techniques must always be 
considered part of the comprehensive pain manage-
ment treatment.

Procedures
A trial of interlaminar or transforaminal epidural steroid 
injections is advocated for acute or subacute radicular 
symptoms of severe intensity unresponsive to more con-
servative measures. Care should be taken to avoid the 
introduction of a spinal needle at the level of stenosis 
when an interlaminar approach is used. Transforaminal 
epidural steroid injections should be performed by a 
well-trained practitioner under continuous fl uoroscopic 
imaging to avoid catastrophic complications. Patients 
without signifi cant central spinal canal compromise and 
who continue to suffer with chronic severe radicular 
symptoms, unresponsive to conservative approaches, 
may be candidates for a spinal cord stimulator trial and 
implantation. Arthritic cervical facet joints, which are 
innervated by medial branch nerves, can be another 
source of pain. Intra-articular steroid injections can pro-
vide up to several months of signifi cant pain relief. If 
these fail to provide signifi cant analgesic effect, diagnos-
tic medial branch nerve blocks can be performed; if re-
sults are found to be positive, radiofrequency nerve abla-
tion should follow.

Differential Diagnosis

Thoracic spinal stenosis

Cervical intramedullary or extramedullary neoplasm

Cervical osteomyelitis with or without epidural 
abscess

Multiple sclerosis (spinal)

Transverse myelitis

Cerebrovascular accident

Syringomyelia

Spinal cord injury

Arteriovenous malformation

Tabes dorsalis

Progressive multifocal leukoencephalopathy

Tropical spastic paraparesis

Lumbar spinal stenosis

Thoracic outlet syndrome

Idiopathic brachial neuritis

Brachial plexopathy
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Surgery
Immediate surgical intervention should be sought with 
symptoms of progressive weakness, bladder or bowel 
incontinence, unsteady gait, and upper motor neuron 
fi ndings. A surgical specialist should also assess intrac-
table pain of 3 months’ duration, unresponsive to con-
servative treatment. Decompressive single-level or mul-
tilevel laminectomy, discectomy, foraminotomy, and 
cervical fusion by use of bone graft or instrumentation 
are the common surgical procedures. Referral to a surgi-
cal specialist should be considered for intractable ra-
dicular symptoms.16,17

POTENTIAL DISEASE COMPLICATIONS
If left untreated, continued pressure on the exiting cervi-
cal nerve roots and the cervical segment of the spinal 
cord may lead to progressive weakness, loss of sensa-
tion, dysfunction of the bladder and bowel, tetraplegia, 
or paraplegia.

The natural course of cervical spondylotic myelopathy, 
when it is treated conservatively, demonstrates contin-
ued neurologic progression in one third to two thirds of 
patients.18,19

POTENTIAL TREATMENT 
COMPLICATIONS
Application of aggressive or improper physical or occu-
pational therapy treatments can lead to further injury to 
the already compromised spinal cord and the exiting 
nerve roots. Cervical traction may promote signs and 
symptoms of myelopathy and radiculopathy. Atrophy of 
cervical musculature can occur with prolonged use of a 
cervical collar. Aggressive cervical manual technique can 
cause vertebral artery dissection and severe neurologic 
sequelae.

Nonsteroidal anti-infl ammatory medications carry well-
known side effects of gastrointestinal irritation, bleed-
ing, edema, and nephropathy. These medications are to 
be used cautiously or avoided in patients with a past 
history of peptic ulcer disease or with decreased renal 
function. A proton pump inhibitor or misoprostol 
should be considered for ulcer prophylaxis in individu-
als at high risk. All of the neuropathic pain medications 
carry signifi cant side effects; gabapentin possesses the 
best tolerance. The most common complaints are seda-
tion, dizziness, and gait imbalance. Continued use of 
opioids can lead to physiologic dependence, tolerance, 
sedation, constipation, and rarely addiction. Objective 
evidence of improved function and decreased level of 
pain is required for their continued use.

Interlaminar epidural steroid injections carry a small 
risk of dural puncture and subsequent development of 
a post–dural puncture headache. In the majority of 

patients, these headaches are self-limited and respond 
well to bed rest, hydration, and caffeine. Improper 
placement of needle tip and intravascular injection of 
particulate steroid can lead to spinal cord injury, stroke, 
and brain stem infarct. All interventions, percutaneous 
and surgical, carry a rare risk of spinal infection, com-
pressive hematoma, and nerve and spinal cord injury.
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DEFINITION
Cervicogenic vertigo is the false sense of motion that is 
due to cervical musculoskeletal dysfunction. The symp-
toms may be secondary to post-traumatic events with 
resultant whiplash or postconcussive syndrome. Alter-
natively, cervicogenic vertigo may be part of a more 
generalized disorder, such as fi bromyalgia or underlying 
osteoarthritis.

Cervicogenic vertigo is believed to result from conver-
gence of the cervical nerve inputs as well as the cranial 
nerve input and their close approximation in the up-
per cervical spinal segments of the spinal cord.1,2 Diz-
ziness and vertigo, common presenting symptoms, 
account for 8 million primary care visits to physicians 
in the United States each year and represent the most 
common presenting complaint in patients older than 
75 years.3 In fact, 40% to 80% of patients with neck 
trauma experience vertigo, particularly after whiplash 
injury. The incidence of symptoms of dizziness and 
vertigo in whiplash patients has been reported as 20% 
to 58%.4

SYMPTOMS
Patients with cervicogenic vertigo experience a false sense 
of motion, often whirling or spinning. Some patients ex-
perience sensations of fl oating, bobbing, tilting, or drift-
ing. Others experience nausea, visual motor sensitivity, 
and ear fullness.5 The symptoms are often provoked or 
triggered by neck movement or sustained awkward head 
positioning.6-8 Cervical pain or headache may interfere 
with sleep and functional activities. At times, patients with 

coexistent cervical radiculitis may complain of paresthe-
sias in the upper cervical dermatomes.

PHYSICAL EXAMINATION
The essential elements of the physical examination are 
normal neurologic, ear, and eye examinations for nystag-
mus. Abnormalities in any of these aspects of the exami-
nation indicate a need to exclude other otologic or 
neurologic conditions, such as Meniere disease, benign 
paroxysmal positional vertigo, and stroke.9 A careful 
cervical examination should be performed, including 
range of motion testing and palpation of the facet joints 
to assess mechanical dysfunction. Myofascial trigger 
points should be sought in the sternocleidomastoid, 
cervical paraspinal, levator scapulae, upper trapezius, 
and suboccipital musculature. Patients with cervicogenic 
headache and disequilibrium have a signifi cantly higher 
incidence of restricted cervical fl exion or extension and 
painful cervical joint dysfunction and muscle tightness.10

Palpation in these areas can often reproduce the symp-
toms experienced as cervicogenic vertigo.11

FUNCTIONAL LIMITATIONS
Functional limitations may include diffi culty with walk-
ing, balance, or equilibrium. As a result, patients may 
not feel confi dent with activities such as driving because 
cervical rotation may induce symptoms. Occupations 
that require balance and coordination (such as construc-
tion) are often limited. Anxiety about the occurrence of 
disequilibrium may contribute to secondary disability.

DIAGNOSTIC STUDIES
Cervicogenic dizziness is a clinical diagnosis. Testing may 
include cervical radiographs to rule out cervical osteoar-
thritis or instability. Cervical magnetic resonance imag-
ing is indicated when cervical spondylosis is suspected, 
either as a cause of the condition or as an associated di-
agnosis. Brain magnetic resonance imaging or magnetic 
resonance angiography may be ordered to exclude vascu-
lar lesions or tumor (i.e., acoustic neuroma). A compre-
hensive neurotologic test battery and consultation are 

Synonyms
Cervicogenic dizziness
Neck pain associated with dizziness

ICD-9 Codes
723.1 Neck pain
780.4 Vertigo
780.4 Dizziness

7Cervicogenic Vertigo

Joanne Borg-Stein, MD

M U S C U L O S K E L E T A L  D I S O R D E R S :  H E A D  A N D  N E C K

Ch07_033-036-X4007.indd 33Ch07_033-036-X4007.indd   33 3/17/08 5:37:53 PM3/17/08   5:37:53 PM



34 M U S C U L O S K E L E T A L  D I S O R D E R S :  H E A D  A N D  N E C K

preferred if a primary otologic disorder or post-traumatic 
vertigo is considered.12

TREATMENT
Initial
Initial treatment involves reassurance and education of 
the patient. Nonsteroidal anti-infl ammatory drugs are 
useful to help pain control for those who have under-
lying cervical osteoarthritis. Muscle relaxants such as 
cyclobenzaprine, carisoprodol, and low-dose tricyclic 
antidepressants may be used at bedtime to facilitate 
sleep and muscle relaxation for myofascial pain. I 
occasionally prescribe ondansetron (4 to 8 mg every 
8 hours as needed) if disequilibrium is accompanied 
by signifi cant nausea.

Rehabilitation
Rehabilitation is aimed at reducing muscle spasm, 
increasing cervical range of motion, improving pos-
ture, and restoring function. A physical therapist with 
experience and training in manual therapy, myofascial 
and trigger point treatment, and therapeutic exercise 
should evaluate and treat the patient to restore nor-
mal cervical function.13 Occupational therapy can 
improve posture, ergonomics, and functional daily 
activities.14

Ergonomic accessories, such as telephone earset or 
headset, may help the patient avoid awkward head and 
neck postures that contribute to symptoms. Psychologi-
cal or behavioral medicine consultation and treatment 
can aid the patient in overcoming the fear, avoidance, 
and anxiety that often develop.15

Procedures
Trigger point injections with local anesthetic (1% lido-
caine or 0.25% bupivacaine) are often helpful to de-
crease cervical muscle pain (Fig. 7-1). The clinician 
should locate those trigger point areas that reproduce 
the patient’s symptoms. Acupuncture with an emphasis 

on local treatment of muscle spasm may be an alterna-
tive to trigger point injection.16,17

Botulinum toxin injection may have a role in the treat-
ment of cervicogenic headache; however, more research 
is needed in this area.18 There are no data yet on the 
treatment of cervicogenic vertigo with botulinum toxin.

Differential Diagnosis

Meniere disease

Benign paroxysmal positional vertigo

Labyrinthitis

Vestibular neuronitis

Cardiovascular causes: arrhythmia, carotid stenosis, or 
postural hypotension

Migraine-associated dizziness

Progressive dysequilibrium of aging

Post-traumatic vertigo

A

B
FIGURE 7-1. A and B, Trigger points in the sternocleidomastoid muscle 
frequently involved in cervicogenic vertigo. (Reprinted with permission 
from Simons DG, Travell JG, Simons LS. Travell & Simons’ Myofascial Pain 
and Dysfunction: The Trigger Point Manual, 2nd ed. Upper Half of Body, 
vol 1. Baltimore, Williams & Wilkins, 1999:310.)
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Surgery
There is no surgery indicated for treatment of this disor-
der, unless there is coexistent neurologically signifi cant 
cervical stenosis or disc herniation.

POTENTIAL DISEASE COMPLICATIONS
The major complications are inactivity, deconditioning, 
falls, fear of going outside the home, anxiety, and de-
pression. Chronic intractable neck pain and persistent 
dizziness may persist in spite of treatment.

POTENTIAL TREATMENT 
COMPLICATIONS
Side effects from nonsteroidal anti-infl ammatory drugs 
may include gastric, renal, hepatic, and hematologic com-
plications. Muscle relaxants and tricyclics may induce fa-
tigue, somnolence, constipation, urinary retention, and 
other anticholinergic side effects. Local injections may 
result in local pain, ecchymosis, intravascular injection, or 
pneumothorax if they are improperly executed.
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DEFINITION
Trapezius strain describes tenderness and pain involving 
the trapezius muscle due to overstretching or overuse.1
This condition is also referred to as trapezius myofascial 
pain and dysfunction.

The numerous causes of trapezius strain include acute 
causes, such as trauma (e.g., motor vehicle accidents, 
falls), and chronic causes, such as overload (e.g., repetitive 
lifting), poor positioning (e.g., tilting the head to the side 
when using the phone), and skeletal variations (e.g., 
scoliosis, leg length discrepancy).

The usual expectation is that strains heal within a matter 
of weeks, forming a scar within the muscle and leaving 
the patient with no residual pain. However, patients may 
continue to experience pain beyond this initial time 
frame. The theory of myofascial pain provides a frame-
work that explains how acute muscle pain can become 
chronic, even when there is no evidence of persisting tis-
sue damage or injury to the muscle-tendon unit.2 Tissue 
overload and fatigue are manifested as trigger points, the 
pathognomonic sign of myofascial pain. A trigger point 
has several characteristics: a hyperintense nodule within 
a taut band of muscle that on palpation produces local 
and referred pain, a twitch-like response, and even auto-
nomic phenomena. The validity of the myofascial pain 

concept, however, has been questioned in the scientifi c 
literature. Myofascial pain is a clinical diagnosis, yet 
multiple studies demonstrate low interrater reliability 
for identifi cation of trigger points.3-6

Historically, various terms have been used to describe 
nonarticular soft tissue pain problems, such as nonar-
ticular rheumatism, myositis, and fi brositis, resulting in 
confusion.7 Fibromyalgia is defi ned as chronic, wide-
spread, axial pain that is bilateral, above and below the 
waist, and involving at least 11 of 18 characteristic ten-
der points.8 These patients also present with a host of 
other complaints, such as fatigue, sleep disturbances, 
and depression. The relationship between tender points 
and trigger points is unclear. The term repetitive strain 
syndrome is often used when myofascial pain occurs in 
an industrial setting, involving repetitive movement or 
prolonged postures. The term derives from early obser-
vations of the epidemic of arm pain and disability that 
occurred in the mid-1980s in Australia.9 These diagno-
ses are discussed in other chapters in this book.

SYMPTOMS
The pain is typically described as a deep aching discom-
fort, tightness, or spasm in the region of the trapezius 
muscle. The location of pain is clearly regional and does 
not follow spinal segmental or peripheral nerve distribu-
tion. The patient may be able to identify one or more 
areas that are tender. The specifi c areas that are tender 
and referral patterns depend on which portion of the 
trapezius is involved (upper, middle, or lower).2 The pain 
may radiate to the head, shoulder, arm, or interscapular 
region. The upper fi bers are most commonly involved, 
referring pain to the posterolateral neck, behind the ear 
and temple. Middle trapezius fi bers refer to the inter-
scapular region. Lower trapezius fi bers refer to the inter-
scapular, suprascapular, posterior neck, and mastoid re-
gions. Paresthesias, heaviness, or fatigue may be 
experienced in the shoulder girdle. Pain can increase with 
repetitive tasks involving the upper extremity, such as 
abduction or forward fl exion, or with assumption of pro-
longed postures. Cervical movement such as forward 
fl exion or contralateral side bending may also aggravate 
the symptoms. The examiner should determine the 

Synonyms
Myofascial shoulder pain
Trapezius myositis
Myofasciitis
Tension neckache
Nonarticular rheumatism
Fibrositis
Fibromyalgia
Repetitive stress injury

ICD-9 Codes
729.1 Myalgia and myositis, unspecifi ed
847.0 Neck (sprain or strain); whiplash injury
847.1 Thoracic (sprain or strain)
847.9 Unspecifi ed site of the back (sprain or strain)
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relationship of symptoms to nonmechanical factors, 
such as psychological distress, impaired sleep, fatigue, 
and poor nutrition. These factors may impair a patient’s 
ability to cope with the discomfort.

PHYSICAL EXAMINATION
The goals of physical examination are to rule out con-
comitant diagnoses and to determine the degree of 
impairment. Examination begins with observation of 
posture. Forward head posture, with scapular protraction 
and compensatory cervical hyperextension, is commonly 
seen.10,11 Overdeveloped or shortened anterior shoulder 
girdle muscles may also be seen in a chronic setting. 
Cervical motion is assessed in sagittal, coronal, and 
horizontal planes to establish a baseline for serial ex-
aminations, to identify impairment, and to establish re-
lation to symptoms. Active cervical range of motion may 
be limited by pain. Normal cervical range of motion is 
as follows: fl exion, 45 degrees; extension, 55 degrees; 
lateral bending, 40 degrees; rotation, 70 degrees.12 Shoul-
der range of motion is assessed to screen for shoulder 
disease, and it should be within normal limits. Palpation 
of the cervical and shoulder girdle region is performed to 
identify tender areas and trigger points. Motor, refl ex, 
and sensory examination of the upper extremities is per-
formed, with the expectation of normal neurologic fi nd-
ings with a primary trapezius strain.

FUNCTIONAL LIMITATIONS
Trapezius pain may interfere with activities of daily liv-
ing and vocational and recreational activities. Activities 
requiring continuous movement with arms in a forward 
position, such as typing or playing piano, may exacer-
bate pain. Driving, which requires lateral rotation, may 
be impaired. The patient may limit or avoid activities 
that exacerbate symptoms.

DIAGNOSTIC STUDIES
Trapezius strain is a clinical diagnosis based on history 
and physical examination. There is no routine labora-
tory test or imaging study available to confi rm the pres-
ence of muscle spasm or trigger points. Blood work and 
imaging and electrodiagnostic studies may be necessary 
to rule out other conditions.

TREATMENT
Initial
Initial treatment begins with education of the patient. 
Patients should be reassured that their pain is benign 
and has a favorable prognosis. The importance of the 
pain sensation should be de-emphasized, and patients 
should be encouraged to return to their usual activities 
as soon as possible.13,14

The patient should also be educated about proper posi-
tioning and posture. Encourage the patient to identify 

and to correct precipitating or perpetuating factors. The 
impact of stress and poor sleep on symptoms should be 
explored. Work-related recommendations should be 
made about the use of a telephone headset or adjust-
ments in seating, armrest, or keyboard height. A patient 
may be counseled on proper sleeping positions or pil-
low height; ensure that existing canes are the appropri-
ate lengths. Use of heel lifts may be considered if a sig-
nifi cant leg length discrepancy is noted.

Moist heat, such as a hot shower, or ice can be used to 
reduce spasm and pain. Choice of specifi c thermal mo-
dality is determined by individual preference. Stretching 
exercises may also be demonstrated to the patient. The 
upper trapezius fi bers can be stretched by placing the 
ipsilateral arm behind the back and laterally bending 
the neck to the contralateral side. The middle trapezius 
fi bers can be stretched by clasping the hands together in 
front of the body and reaching forward. The lower tra-
pezius fi bers can be stretched by fl exing the neck for-
ward. These stretches should be held for 30 seconds per 
repetition for a total of three to fi ve repetitions and may 
be repeated three times daily.

Medications such as nonsteroidal anti-infl ammatory 
drugs may be used on a short-term basis for their anal-
gesic and anti-infl ammatory effects. Muscle relaxants, 
used sparingly and primarily in evening doses, may re-
duce anxiety and promote sleep. Similarly, low-dose 
tricyclic antidepressants taken in the evening may be 
used to relieve pain and assist with sleep.

Cervical collars are generally not indicated as they may 
promote disability.15,16

Rehabilitation
The goals of physical or occupational therapy are to re-
duce pain and to restore function. Therapeutic exercises 
directed toward the neck and shoulder girdle region are 
the cornerstone of treatment. The current literature sug-
gests that early mobilization with active treatment is 

Differential Diagnosis

Cervical spondylosis

Cervical herniation

Cervical radiculopathy

Cervical facet syndrome

Peripheral nerve entrapment (e.g., suprascapular, spinal 
accessory)

Infl ammatory disease (e.g., myositis, polymyalgia 
rheumatica)

Endocrine disorders (e.g., hypothyroidism)

Electrolyte abnormalities

Tumor
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superior to rest, immobilization, or passive modalities in 
the population with acute whiplash injury.14-19 Random-
ized controlled trials have demonstrated that exercise-
based therapy is effective for chronic neck pain.20-22

However, there is a paucity of well-designed studies docu-
menting the benefi t of physical therapy specifi cally in the 
population with chronic whiplash injury.

Impairments in posture, range of motion, strength, and 
endurance are addressed. Stretches are performed, tar-
geting the specifi c portion of the trapezius that is in-
volved and the anterior neck and chest muscles. The 
trapezius, cervical extensor, and scapular stabilizer mus-
cles are strengthened with progressive resistive exercises. 
Postural correction exercises may consist of chin tuck, 
wall sitting, or wall standing exercises. Modalities such 
as ice, heat, ultrasound, and massage may therefore be 
used as optional adjuncts during the fi rst 3 weeks of 
treatment to modulate pain.14 Although physiologic ef-
fects of various modalities have been demonstrated, 
their clinical effi cacy remains unproven.23 Patients 
should be educated about a home exercise program. 
The therapist may make job-related recommendations 
or even visit the work site to perform an ergonomic 
analysis. The patient may bring in photographs of the 
work site if a visit by the therapist is not feasible.

Procedures
Trigger point injections may be considered for patients 
who demonstrate trigger points on examination and are 
not responding to initial measures and therapy (Fig. 8-1). 
The rationale is to inactivate the trigger point by 
mechanical disruption. Postinjection care may include 
application of spray and stretch technique with vapo-
coolant by the clinician. Patients may be instructed in use 
of heat or ice to reduce postinjection pain and in tempo-
rary activity modifi cation.

Anecdotal experience and uncontrolled studies suggest 
that trigger point injections are effective in treating 
myofascial pain.2,24 A systematic review of needling 
treatment for myofascial pain concluded that effi cacy of 
trigger point injections beyond placebo has not been 
supported or refuted in the literature.25 Comparative 
studies reveal that injection is therapeutically equivalent 
to dry needling26-28 and that the nature of the injected 
substance makes no difference in the outcome.29-32

During the past decade, there has been increasing interest 
in the injection of botulinum toxin (primarily type A) for 
treatment of recalcitrant myofascial pain. Initial studies 
seemed promising, yet several double-blind, random-
ized, controlled studies refute the effi cacy of botulinum 
toxin for treatment of myofascial pain.33-35

Acupuncture may be effective in treating myofascial 
pain, but this has not been clearly demonstrated in the 
literature.

Surgery
Surgery is not indicated for treatment of trapezius 
strain.

POTENTIAL DISEASE COMPLICATIONS
A patient may limit or avoid activities that cause pain. 
Avoidance behaviors may lead to disuse muscle atrophy 
and loss of fl exibility and endurance. These impair-
ments may produce signifi cant personal and occupa-
tional disability. Depression and chronic pain behaviors 
may complicate this condition and may be disabling in 
and of themselves.

POTENTIAL TREATMENT 
COMPLICATIONS
Tylenol may produce hepatic toxicity. Nonsteroidal 
anti-infl ammatory drugs may produce gastropathy, re-
nal toxicity, hepatic toxicity, bleeding, central nervous 
system effects, exacerbation of asthma, and drug-drug 
interactions. Muscle relaxants may cause somnolence. 
Tricyclic antidepressants may cause sedation, dry mouth, 
constipation, urinary retention, weight gain, orthostatic 

X

X

FIGURE 8-1. Ask the patient to point with one fi nger to the area of most 
intense pain, then palpate for a taut band. Once it is localized, under sterile 
conditions, using a 25-gauge or 27-gauge 11⁄2-inch needle, inject approxi-
mately 0.1 to 0.3 mL of a local anesthetic (e.g., 1% lidocaine) into the trape-
zius muscle in several areas of this same site (puncture the skin only once). 
This should be accompanied by needling of the entire taut band to me-
chanically break up the abnormal and sensitized tender tissue. It is generally 
not advisable to inject local steroids into the muscle. This may be repeated 
in several areas during a single procedure visit. In addition, this procedure 
may need to be repeated on several occasions, depending on the patient’s 
symptoms and reported relief from the treatment.
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hypotension, and electroencephalographic abnormali-
ties. Cervical collars may cause disuse weakness of the 
cervical or shoulder girdle region, decreased range of 
motion, and reinforcement of the sick role. Aggressive 
exercise may transiently increase pain in some patients. 
Patients may become dependent on passive modalities. 
Local injections may result in local pain (typically 
lasting for several days), ecchymosis, and syncope. 
Although rare, hematoma, pneumothorax, infection, or 
neural injury may complicate either trigger point injec-
tion or acupuncture. Botulinum toxin injection may 
cause infl uenza-like illness, transient muscle weakness, 
and dysphagia in addition to local effect from the injec-
tion itself. Antibodies to botulinum toxin can develop 
after repeated injection, resulting in lack of effi cacy.
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DEFINITION
The acromioclavicular joint is a diarthrodial joint found 
between the lateral end of the clavicle and the medial 
side of the acromion.1 The joint is surrounded by a fi -
brous capsule and stabilized by ligaments. The acromio-
clavicular ligaments cross the joint. Three ligaments 
begin at the coracoid process on the scapula and attach 
to the clavicle (trapezoid and conoid ligaments) or the 
acromion (coracoacromial ligament). This complex 
provides passive support and suspension of the scapula 
from the clavicle while allowing rotation of the clavicle 
to be transmitted to the scapula.1,2

Injuries to the acromioclavicular complex are graded I 
to VI (Table 9-1). Injuries to the acromioclavicular joint 
were originally classifi ed as grades 1, 2, and 3 by Tossy.3
This classifi cation was extended to include more com-
plicated injuries, and grades 4, 5, and 6 were described. 
The extended grading system uses roman numerals.4

The coracoacromial (lateral) ligament is not disrupted 
in injuries to the acromioclavicular joint. Therefore, the 
fi brous connection persists between structures of the 
scapula emanating anteriorly and posteriorly.5 In rare 
instances, there is an intra-articular fracture of the distal 
clavicle in addition to the ligamentous injuries.6

There are few demographic data on differences of the 
disorder based on gender. Problems with the acromio-
clavicular joint can be associated with trauma and with 
overhead and throwing activities. Concomitant injuries 

can vary on the basis of age; 86% of individuals older 
than 50 years have rotator cuff tears.7

Most patients with grade I or grade II injuries respond 
to conservative measures and become asymptomatic 
within 3 weeks.8

SYMPTOMS
Patients often provide a history of trauma to the shoul-
der or in the vicinity of the acromioclavicular joint. 
Participants in contact or collision sports (e.g., foot-
ball, downhill skiing) are particularly susceptible. Pa-
tients seek care because of pain in the anterior aspect 
of the shoulder.2 The pain may radiate into the base of 
the neck and the trapezius or deltoid muscles or down 
the arm in a radicular pattern.2,5,9

Patients may describe pain brought on by activities of 
daily living that bring the arm across the chest (e.g., 
reaching into a jacket pocket) or behind the back (e.g., 
tucking in a shirt). Pain can also occur with shoulder 
fl exion (reaching overhead) or with adduction of the 
arm across the chest.

PHYSICAL EXAMINATION
Appropriate examination for suspected acromioclavicu-
lar injuries includes an examination of the neck and 
shoulder joint and girdle to eliminate the possibility of 
a radiculopathy or referred pain. Patients should have 
normal neck and neurologic examination fi ndings. The 
presence of neurologic or vascular injury suggests that a 
greater degree of trauma has been sustained.5

On inspection, there may be a raised area at the acro-
mioclavicular joint. This is caused by depression of the 
scapula relative to the clavicle or swelling of the joint 
itself. This area is commonly tender to touch. On active 
range of motion, the patient may complain of pain or 
wince near the extreme of shoulder fl exion.

Shoulder range of motion is typically within normal 
limits. Supporting the arm at the elbow and gently 
directing the arm superiorly may decrease the pain 
and allow more complete assessment of the patient’s 

Synonyms
Acromioclavicular joint injuries
Acromioclavicular pain
Acromioclavicular separation
Separated shoulder
Acromioclavicular osteoarthritis
Atraumatic osteolysis of the distal clavicle

ICD-9 Codes
831.04 Closed dislocation acromioclavicular joint
840.0  Acromioclavicular (joint) (ligament) sprain
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shoulder range of motion. The pain may become worse 
as the shoulder is further fl exed, whether it is done ac-
tively or passively. This is in distinction to impingement 
syndromes, which often hurt at a particular point in the 
arc of motion but are painless as the motion proceeds. 
Pain is typically absent with isometric manual muscle 
testing of the rotator cuff. Rotator cuff injuries will be 
painful with activation of the muscles of the rotator 
cuff. These problems are best identifi ed with the shoul-
der in a neutral position (i.e., elbow next to the body) 
because the rotator cuff muscles are in a lengthened 
position and are easily made symptomatic.

Special tests to identify acromioclavicular joint disease 
attempt to compress the joint. The most common test is 
the cross-body adduction test (Fig. 9-1). The shoulder is 
abducted to 90 degrees and the elbow is fl exed to the 
same degree. The clinician then brings the arm across 
the patient’s body until the elbow approaches the mid-
line (or the patient reports pain).2

Other tests help differentiate between impingement 
syndrome and acromioclavicular joint pain. If the shoul-
der is passively fl exed while it is internally rotated, the 
greater tuberosity can pinch (impinge) the supraspina-
tus tendon and subacromial bursa. The same test per-
formed with the shoulder externally rotated will com-
press the acromioclavicular joint without impinging the 
subacromial space.10 In the active compression test, the 
shoulder is fl exed to 90 degrees and then adducted to 
10 degrees (Fig. 9-2). The patient fi rst maximally inter-
nally rotates the arm and then tries to fl ex the shoulder 
against the clinician’s resistance. This puts pressure on 
the acromioclavicular joint and may reproduce pain if 
disease is present. The test is repeated with the shoulder 
in full external rotation. This will put stress on the bi-
ceps tendon and its labral attachment while excluding 
the acromioclavicular joint.11

In the acromioclavicular resisted extension test, the 
shoulder is abducted to 90 degrees and adducted across 
the body to 90 degrees (Fig. 9-3).The examiner resists 
active shoulder extension. A positive test result repro-
duces pain in the acromioclavicular joint. A combina-
tion of these tests will improve the diagnostic accuracy 
over isolated tests.12

The Paxinos sign, along with bone scan, is purported to 
have a high degree of diagnostic accuracy in acromiocla-
vicular joint disease.13 The examiner stands behind the 
patient and, using the hand contralateral to the affected 
shoulder, stabilizes the clavicle and pushes the acromion 
into the clavicle with the thumb. The test response is con-
sidered positive if pain occurs or increases in the region of 
the acromioclavicular joint; the test response is considered 
negative if there is no change in the pain level (Fig. 9-4).

FUNCTIONAL LIMITATIONS
Reaching up, reaching across the body, and carrying 
heavy weights are limited because of pain. Patients may 
have no pain at rest and little or no pain with many 
activities. Patients may complain of diffi culty with put-
ting on a shirt, combing the hair, and carrying a brief-
case or grocery bag. Most recreational activities, espe-
cially those that incorporate throwing, will be limited as 
well. Sleep may be affected because of pain.

FIGURE 9-1. Cross-body adduction test for a sprain of the acromiocla-
vicular joint.

TABLE 9-1 Grades of Acromioclavicular Joint Injuries and Treatments

Grade of Injury AC Ligament CC Ligament Clavicle Displacement Treatment

I Sprain Intact Mild superior displacement Conservative

II Torn Sprain Defi nite superior displacement Conservative

III Torn Torn 25%-100% increase in CC space Conservative or surgical

IV Torn Torn Posterior displacement Surgical

V Torn Torn 100%-300% increase in CC space Surgical

VI Torn Torn Subacromial or subcoracoid location Surgical

AC, acromioclavicular; CC, coracoclavicular.
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FIGURE 9-2. The active compression test. A, The arm is forward fl exed 
and internally rotated maximally. Downward force is applied, and pain 
indicates acromioclavicular joint disease. B, The test is repeated with 
the arm externally rotated. Pain indicates disease of the biceps tendon 
and its labral attachment. (Reprinted with permission from O’Brien SJ, 
Pagnani MJ, Fealy S, et al. The active compression test: a new and effective 
test for diagnosing labral tears and acromioclavicular joint abnormality. 
Am J Sports Med 1998;26:610-613.)

FIGURE 9-3. In the acromioclavicular resisted extension test, the exam-
iner resists active shoulder extension. A positive test result reproduces 
pain in the acromioclavicular joint. (Reprinted with permission from 
Chronopoulos E, Kim TK, Park HB, et al. Diagnostic value of physical tests 
for isolated chronic acromioclavicular lesions. Am J Sports Med 2004;32:
655-661.)

FIGURE 9-4. To elicit Paxinos sign, stand behind the patient and use the 
hand contralateral to the affected shoulder. (Reprinted with permission 
from Walton J, Mahajan S, Paxinos A, et al. Diagnostic values of tests for 
acromioclavicular joint pain. J Bone Joint Surg Am 2004;86:807-812.)
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DIAGNOSTIC STUDIES
Radiographs are important in most cases and should be 
obtained to rule out fracture as well as to assess the se-
verity of the injury (Fig. 9-5). Views should include an 
anteroposterior view, a lateral Y view, and an axillary 
view. It is important to let the radiologist know that 
injury to the acromioclavicular joint, not just the shoul-
der, is in question. Stress or weighted views are usually 
not helpful and cause undue pain without improving 
the accuracy of diagnosis.2,14 Overpenetration of fi lms 
may make the interpretation of the acromioclavicular 
joint and distal clavicle diffi cult.5

A 15-degree cephalad anteroposterior view helps diag-
nose sprains by decreasing x-ray penetration and show-
ing separation between the acromion and clavicle, 
whereas the 40-degree cephalic tilt anteroposterior view 
should be used for suspected fractures of the clavicle. If 
the fracture is medial to the coracoclavicular ligaments, 
both an anterior and a posterior 45-degree view should 
be obtained.5 Typically, the decision to obtain these 
views is made by a radiologist.

Certainly, if there are concerns about a fracture or ar-
throsis and the x-ray images do not provide confi rma-
tion, further evaluation with a bone scan2,5 or magnetic 
resonance imaging (MRI) may be indicated.15

MRI evaluation of symptomatic acromioclavicular joints 
revealed that 80% had active bone edema in the distal 
clavicle or acromion or on both sides, but no asympto-
matic patients had this fi nding.16 MRI will detect the ex-
tent of acromioclavicular arthrosis more frequently than 
conventional radiology will.17 MRI does not appear to 
add any further information to the clinical assessment.18

Ultrasonography is a reproducible method of evaluat-
ing the joint space and joint capsule, but the measure-
ments may vary from those obtained by MRI.19 The 
fi ndings on ultrasound evaluation correlate well with 
the diagnosis obtained by clinical examination and 
radiographs.20

TREATMENT
Initial
Initial treatment depends on the degree of injury and 
the patient’s activity and goals.

Type I and type II injuries are exclusively treated nonop-
eratively, whereas type IV, type V, and type VI injuries 
require surgery. Treatment of type III injuries is contro-
versial (see Table 9-1).

The initial phase of treatment for all injuries not going 
to surgery (i.e., type I, type II, and some type III) 
includes rest, ice, and possibly a sling or brace for 1 to 
6 weeks (2 to 3 weeks average). Over-the-counter or 
prescription non-narcotic analgesics are usually suffi -
cient. Nonsteroidal anti-infl ammatory drugs can be 
used for pain and infl ammation. Injections into the 
joint can also be done in the initial phase of treatment 
for immediate pain control and to help confi rm the 
diagnosis.

Rest should be relative, that is, the patient should avoid 
aggravating activities and should not be immobilized if 
at all possible.

Ice massage can be done over the painful area for 5 to 
10 minutes every 2 hours, as needed. An ice pack can be 
used for 20 minutes at a time and also can be repeated 
every 2 hours. The usual precautions for the use of ice 
should be followed.

Type I and type II sprains can be treated with a sling to 
help support the arm and shoulder. This should be used 
symptomatically and discontinued for painless activi-
ties and when the patient’s pain is under control.

FIGURE 9-5. Grade III acromioclavicular joint dislocation. There is marked 
superior displacement of the distal clavicle relative to the acromion and 
coracoid processes. (Reprinted with permission from Katz DS, Math KR, 
Groskin SA. Radiology Secrets. Philadelphia, Hanley & Belfus, 1998:445.)

Differential Diagnosis

Adhesive capsulitis

Arthritis (e.g., rheumatoid, crystal induced, 
and septic)21-23

Calcifi c tendinitis

Cervical radiculopathy

Distal osteolysis of the clavicle2,23

Fractures of the acromion or distal clavicle24

Ganglia and cysts in the acromioclavicular joint2

Os acromiale syndrome23

Rotator cuff tears2,6,25

Shoulder impingement syndrome26

Tendinitis of the long head of the biceps2

Tears of the glenohumeral labrum11

Tumors2,27

Referred pain may come from cardiac, pulmonary, 
and gastrointestinal disease.2
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Type III injuries have been treated operatively and non-
operatively (Fig. 9-6). The majority of orthopedists fa-
vor nonoperative treatment as a rule, even in throwing 
athletes.5,14,28-30 One study suggested greater long-term 
satisfaction in patients who had surgery but showed no 
difference in range of motion or strength.31 The major-
ity of patients have no long-term diffi culty with nonop-
erative management. There are also reports of high 
complication rates with surgery.5,30 Surgery may be con-
sidered in symptomatic individuals with type III inju-
ries and in those who do not respond to conservative 
measures.

One approach for type III injuries is to treat conserva-
tively with relative rest, support, modalities, medica-
tions for symptoms, and gradual return to activity dur-
ing 6 to 12 weeks. If there is a signifi cant limitation in 
function, including avocational or sport activities, or 
if the patient is not progressing as expected, further 
evaluation is warranted.5 Unlike with musculotendi-
nous injuries, delayed surgery does not lead to poorer 
outcomes.

Rehabilitation
Physical or occupational therapy can be ordered to assist 
with education of the patient, pain control, and, in later 
stages, gradual range of motion and strengthening exer-
cises. Modalities to control pain can include, in addition 
to ice, ultrasound or phonophoresis with 10% lidocaine. 
Alternatively, interferential current can be used. As pain 
is controlled, motion can be obtained in a pain-free 
range. Codman and pendulum exercises can progress to 
active or active-assisted range of motion to restore shoul-
der fl exion and abduction, both individually and in 
combination. In the initial phase of a rehabilitation pro-
gram, it is reasonable to avoid painful positions or 

movements. These include extremes of fl exion—even 
when they are done passively—and adduction across the 
chest. When the shoulder is pain free and has full range 
of motion, rehabilitation can progress to gradual 
strengthening and return to activity. A typical shoulder 
strengthening rehabilitation program can be used. Light 
dumbbell exercises with 1 to 5 pounds to strengthen 
the internal and external rotators or resistance bands 
can be used initially. This program can be advanced to 
isolate the shoulder abductors and to incorporate inter-
nal and external rotator strengthening at different de-
grees of shoulder abduction. Further progression de-
pends on the patient’s goals and requires incorporation 
of the scapular stabilizers and training in coordinated 
movements.

Procedures
Patients with acromioclavicular joint pain due to type 
I or mild type II injuries can receive injections and re-
turn to play or work immediately with little risk of 
injury as long as they have full functional range of mo-
tion and symmetric2 strength. For diagnostic purposes, 
a local anesthetic injection may confi rm the diagnosis 
of a type I sprain2 if the patient has complete pain re-
lief immediately after the injection. Intra-articular in-
jection of a combination of a local anesthetic and a 
corticosteroid may give immediate and longer acting 
relief. Injections into the joint can be done for higher 
grade injuries as well as to give quick symptomatic re-
lief. However, this is not a substitute for relative rest in 
more seriously injured joints (type II and higher), and 
1 week of avoiding provocative maneuvers after the 
injection is advised.2

With the patient sitting or supine with the shoulder 
propped under a pillow, the acromioclavicular joint is 
injected under sterile conditions with use of a 25-gauge, 
11⁄2-inch disposable needle and a local anesthetic or 
anesthetic and corticosteroid combination (Fig. 9-7). 
Typically, a 1- to 3-mL aliquot of solution is injected 
(e.g., 1 mL of 1% lidocaine mixed with 1 mL of beta-
methasone). Keep in mind that the acromioclavicular 
joint is small and close to the surface.

Postinjection care should include local icing for 10 to 
15 minutes and instructions to the patient to avoid ag-
gravating activities for at least 1 week.

Surgery
Type IV, type V, and type VI injuries are forms of dis-
location of the acromioclavicular joint. These need to 
be reduced surgically with some form of reconstruc-
tion attempted. Early referral is indicated to minimize 
pain and dysfunction. Because the scapula is no lon-
ger suspended from the clavicle, the deltoid and trape-
zius muscles will become involved in an attempt to 
hold the scapula in place. These muscles may have 
been injured directly and therefore are ill-suited to 
take on the role of suspending the arm. The result is 
more signifi cant pain and a greater chance for pro-
longed disability.

FIGURE 9-6. Grade III acromioclavicular joint sprain. (Reprinted with per-
mission from Mellion MB. Offi ce Sports Medicine, 2nd ed. Philadelphia, 
Hanley & Belfus, 1996:217.)
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If the patient has sustained a fracture, surgery may be 
necessary, and referral to an orthopedist is appropriate. 
The severity of the injury depends on whether the frac-
ture is medial to the coracoclavicular ligaments or in-
volves the acromioclavicular joint itself. Fractures me-
dial to the ligaments can result in displacement of the 
clavicle, and the patient therefore runs the risk of de-
layed union or nonunion. The displacement can look 
like a type II or type III sprain. Careful examination of 
the location and degree of pain should suggest an injury 
to the clavicle. Regardless, radiographs are indicated to 
assess the possibility of fracture.

Fractures into the joint are likely to lead to arthrosis in the 
future. These patients may not need surgery initially—that 
will be decided by the patient and the orthopedist—but 
may require a protracted conservative course of sympto-
matic treatment.

Resection of the distal clavicle, tacking of the acromion 
to the clavicle, re-creation of the ligaments, and screw 
fi xation of the acromioclavicular joint or of the clavicle 
to the coracoid process have been used to stabilize the 
joint. The goal of any surgical procedure is to try to re-
create a stable, pain-free joint.5

POTENTIAL DISEASE COMPLICATIONS
Patients may be left with a “bump” due to the depression 
of the acromion relative to the clavicle. This should be 
expected and is unavoidable without surgery. Acromio-
clavicular joint pain due to chronic instability is the most 
common complication.5,25 Degenerative arthritis can oc-
cur because of the injury or instability. This can be treated 
symptomatically with modalities and injections. One in 
fi ve patients with a grade I or grade II injury will have 

restriction in range of motion, but less than 10% will 
have symptoms that restrict daily or athletic activity.32

If the pain persists, surgery should be considered. In one 
study, more than 25% of patients with grade I or grade 
II injuries required surgery 2 years after the injury.9

Concomitant disorders of the glenohumeral joint com-
plex can develop along with acromioclavicular arthrosis. 
These include rotator cuff tears, glenoid labrum tears, 
glenohumeral arthrosis, and biceps tendon disease.8

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Cyclooxygenase 
2 (COX-2) inhibitors may have fewer gastric side effects, 
but cardiovascular risks should be considered. Injection 
of the joint with too long a needle may result in injec-
tion into the subacromial space. This can cause diagnos-
tic confusion, if not outright injury.2 Injections can also 
be associated with infection in rare cases.

Direct complications of surgery can include infection, 
pain, wound or skin breakdown, and hypertrophic 
scar.5,29,33 After surgery, there can be a recurrence of 
the deformity,29,31 hardware failure or migration,6,29,33

or limitation of movement. Pain may persist as a 
result of insuffi cient resection, weakness, or joint 
instability.2

Recalcifi cation after acromioclavicular joint resection 
can be a cause of pain and may require revision of the 
distal clavicle resection.33

FIGURE 9-7. Internal anatomic (A) and approximate surface anatomic (B) sites for injection of the acromioclavicular joint. (Reprinted with permission 
from Lennard TA. Pain Procedures in Clinical Practice, 2nd ed. Philadelphia, Hanley & Belfus, 2000:129.)
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DEFINITION
Primary adhesive capsulitis of the shoulder is an idio-
pathic, progressive, but self-limited restriction of active 
and passive range of motion.1-3 The onset is insidious 
and progresses through three phases, usually during 
the course of 1 to 2 years. These phases include the 
painful phase, the freezing or adhesive phase, and the 
thawing or resolution phase.1,4 Adhesive capsulitis oc-
curs in approximately 3% of the general population 
and approximately 6% of offi ce visits to shoulder spe-
cialists (orthopedists and physiatrists) on a yearly ba-
sis.5 The condition preferentially affects women after 
the age of 50 years, although it is not clear exactly why. 
In addition, it is associated with numerous secondary 
causes, including immobilization, diabetes, and hypo-
thyroidism (Table 10-1).

The pathologic process related to adhesive capsulitis 
involves structures intrinsic to the glenohumeral joint 
and surrounding it (Fig. 10-1). The pathologic fi ndings 
of adhesive capsulitis ultimately depend on its stage of 
development.1,2,4,6 The painful phase is characterized by 
synovitis that progresses to capsular thickening (partic-
ularly in the anterior and inferior portions of the cap-
sule) with an associated reduction in synovial fl uid. As 
the adhesive phase continues, fi brosis of the capsule is 
more pronounced, and thickening of the rotator cuff 
tendons is common. As this phase continues, the gleno-
humeral joint space becomes contracted and often 
obliterated.4,6-8 Pathologic change is more consistent 
with chronic infl ammation with resolution of joint 
space loss during the fi nal stage.

SYMPTOMS
In the painful phase, pain is progressive, worse noctur-
nally, and exacerbated by overhead activities. The pro-
gressive increase in pain is associated with a reduction 
in range of motion and decreased use of the affected 
shoulder. As the adhesive phase ensues, pain is reduced; 
however, there is a signifi cant reduction in the range of 
motion in all planes.1,4 In the latter portion of the adhe-
sive stage, complaints of stiffness with both active and 
passive range of motion are common. The resolution 
phase is characterized by a gradual increase in the pain-
free range of motion back to normal (Table 10-2).

PHYSICAL EXAMINATION
The fi ndings noted on physical examination refl ect the 
stage of adhesive capsulitis development. During the 
painful phase of adhesive capsulitis, there is a measur-
able reduction in both passive and active shoulder range 
of motion. Motion is painful, particularly at the extremes 
of external rotation and abduction.1,2,8 This pattern of 
motion loss is consistent with a capsular pattern of pas-
sive range of motion loss, which demonstrates a greater 
limitation in external rotation and abduction followed 
by an increasing loss of fl exion. These signs are similar to 
those found in osteoarthritis of the glenohumeral joint, 
in which there is a similar loss of motion with shoulder 
pain. However, this presentation is in contrast to fi ndings 
seen in rotator cuff tears, in which active range of motion 
is restricted but passive range of motion may approxi-
mate normal values. A reduced glenohumeral glide is 
often noted with adhesive capsulitis, especially with infe-
rior translation. The relationship of glenohumeral joint 
movements independent of scapulothoracic motion 
should also be noted. Last, the shoulder is often painful 
to palpation around the rotator cuff tendons distally.1,2,8

Neurologic evaluation is usually normal in adhesive 
capsulitis, although manual muscle testing may detect 
weakness secondary to pain. However, concomitant 
rotator cuff involvement is common and could ex-
plain true weakness if it is noted on physical examina-
tion. The combination of myotomal weakness, altered 
dermatomal sensation, refl ex asymmetry, and positive 

Synonyms
Frozen shoulder
Periarthritis of the shoulder
Stiff and painful shoulder
Periarticular adhesions
Humeroscapular fi brositis

ICD-9 Code
726.0 Adhesive capsulitis of shoulder
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TABLE 10-1  Diseases and Conditions Associated 
with Secondary Adhesive Capsulitis

Immobilization Pulmonary 
tuberculosis

Scleroderma

Diabetes mellitus Chronic lung disease Post mastectomy

Thyroid disease Myocardial infarction Cervical radiculitis

Rheumatoid 
arthritis

Cerebrovascular 
accidents

Peripheral nerve 
injury

Trauma Rotator cuff disease Lung cancer

Breast cancer

Modifi ed from Siegel LB, Cohen NJ, Gall EP. Adhesive capsulitis: a sticky issue. 
Am Fam Physician 1999;59:1843-1852.

Subacromial bursa

Subscapular bursa

Clavicle

CHL Supraspinatus

Infraspinatus

Teres minor

Humerus

Subscapularis

Biceps tendon

Acromion
CAL

FIGURE 10-1. Relevant anatomy of the glenohumeral joint. Note the rotator cuff tendon insertion sites, biceps tendon, subacromial bursa, and
coracoacromial ligament (CAL); the subcoracoid triangle is formed by the coracoid process, coracohumeral ligament (CHL), and joint capsule. 
(Reprinted with permission from Stubblefi eld MD, Custodio CM. Upper extremity pain disorders in breast cancer. Arch Phys Med Rehabil 
2006;87[Suppl 1]:S96-S99.)

fi ndings with cervical spine provocative testing is 
more suggestive of a neurologic cause of shoulder 
pain.8

FUNCTIONAL LIMITATIONS
Patients often experience sleep disruption as a result of 
pain or inability to sleep on the affected side. Inability to 
perform activities of daily living (e.g., fastening a bra in 
the back, putting on a belt, reaching for a wallet in the 
back pocket, reaching for a seat belt, combing the hair) 
is common. Work activities may be limited, particularly 
those that involve overhead activities (e.g., fi ling above 
waist level, stocking shelves, lifting boards or other 
items). Recreational activities (e.g., diffi culty serving or 
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prove to be a useful diagnostic tool; studies have con-
fi rmed fi ndings seen at arthroscopy, including thicken-
ing of the coracohumeral ligament and obliteration 
of the subcoracoid space (Fig. 10-3). If conservative 
management fails, magnetic resonance imaging and 
arthrography may be helpful in the confi rmation of ad-
hesive capsulitis and evaluation of other causes of shoul-
der disease consistent with adhesive capsulitis.10,11

FIGURE 10-2. Arthrogram of shoulder with advanced adhesive capsuli-
tis with a contracted joint space. Note the absence of the axillary recess 
and the reduced amount of contrast material injected. (Reprinted with 
permission from Smith LL, Burnet SP, McNeil JD. Musculoskeletal manifes-
tations of diabetes mellitus. Br J Sports Med 2003;37:30-35.)

Differential Diagnosis

Labral disease

Rotator cuff disease

Subacromial bursitis

Osteoarthritis

Acromioclavicular joint disease

Calcifi c tendinosis

Synovitis

Fractures

Bicipital tendinosis

Cervical radiculopathy (C5, C6)

Peripheral nerve entrapment (suprascapular)

Complex regional pain syndrome

Brachial plexopathies, thoracic outlet syndrome

Neoplastic conditions

Rheumatic conditions

throwing a ball, inability to do the crawl stroke in swim-
ming) are also affected.

DIAGNOSTIC STUDIES
Because adhesive capsulitis is associated with other co-
morbidities and a population of patients in whom neo-
plastic processes are common, routine blood work and 
radiographs should be performed to rule out secondary 
causes.6-10 Radiographs in patients with adhesive capsu-
litis are generally normal. In advanced stages, joint space 
narrowing may be noted on arthrograms, as there is a 
reduced volume of injectable contrast material into the 
joint (Fig. 10-2). Magnetic resonance imaging may also 

TABLE 10-2 The Three Stages of Adhesive Capsulitis

Painful stage

Pain with movement

Generalized ache that is diffi cult to pinpoint

Muscle spasm

Increasing pain at night and at rest

Adhesive stage

Less pain

Increasing stiffness and restriction of movement

Decreasing pain at night and at rest

Discomfort felt at extreme ranges of movement

Resolution stage

Decreased pain

Marked restriction with slow, gradual increase in range of motion

Recovery is spontaneous but frequently incomplete

Modifi ed from Siegel LB, Cohen NJ, Gall EP. Adhesive capsulitis: a sticky issue. 
Am Fam Physician 1999;59:1843-1852.

TREATMENT
Initial
The treatment goals depend on the stage of adhesive cap-
sulitis, but the general aim is to decrease pain and infl am-
mation while increasing the shoulder range of motion in 
all planes.1,12-14 Initially, pain and infl ammation should 
be managed by use of ice, anti-infl ammatories, and activ-
ity modifi cations. Reducing infl ammation and pain 
through the use of nonsteroidal anti-infl ammatory drugs 
is generally advocated; a short trial of oral steroids is an-
other effective option to reduce infl ammation. Injections 
of corticosteroid (with or without lidocaine) into the sub-
acromial space are in many cases useful in breaking pain 
cycles to allow patients to participate more actively in 
therapy sessions (particularly in patients with concomi-
tant rotator cuff disease or subacromial bursitis).

Rehabilitation
Restoration of range of motion is of extreme importance 
in treatment of adhesive capsulitis.2,6,12,15 Pendulum ex-
ercises, overhead stretches, and crossed adduction of the 
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affected arm should be taught to patients while they are 
in the physician’s offi ce once adhesive capsulitis is sus-
pected to prevent further loss of function (Fig. 10-4). 
Physical therapy should be implemented early to im-
prove the pain-free range of motion and to prevent fur-
ther contraction of the joint capsule.2,3,15-17 As the patient 
progresses with physical therapy, a more detailed home 
exercise program should be implemented. If the patient 
shows continued progress, exercises should be graduated 
to strengthening of rotator cuff muscles and periscapular 
stabilizers. Patients should be encouraged to continue 
the home exercise program once physical therapy ends 
to maintain range of motion and to prevent recurrence 
of adhesive capsulitis.

Procedures
In the treatment of adhesive capsulitis, procedures are 
often performed in conjunction with physical therapy 
sessions and primarily involve pain-alleviating mo-
dalities. These modalities should include post-therapy 
icing (especially in the beginning, for infl ammation 
control), pretherapy and home moist heating ses-
sions,2 transcutaneous electrical nerve stimulation tri-
als, ultrasound, and iontophoresis, depending on the 
patient’s response to therapies. As mentioned, sub-
acromial space injections can be used to break pain 
cycles. In addition to these injections, suprascapular 
nerve blocks have also been reported to be helpful in 
breaking pain cycles associated with adhesive capsuli-
tis.18,19 Acupuncture has also been shown to be an ef-
fective treatment option.20

Surgery
The decision to perform surgery is based on failure of 
conservative management or an unacceptable quality 
of life. The two commonly used options are glenohu-
meral injections with saline or lidocaine (to lyse adhe-
sions and to distend the capsule) and manipulation 
under anesthesia.21,22 Both are typically followed by 
immediate physical therapy focusing on improvement 
of range of motion of the glenohumeral joint. The lit-
erature has shown both methods to be effective, and 
the majority of patients recover during a period of 6 to 
8 weeks as opposed to 18 to 24 months noted with 
conservative management. If both of these options 
fail, arthroscopic lysis of adhesions may be an effective 
option.23-25

POTENTIAL DISEASE COMPLICATIONS
Most of the complications associated with adhesive 
capsulitis are related to pain and range of motion 
loss. Pain is usually transient but can persist for 
months as the condition runs its clinical course. The 
loss of range of motion that is seen in adhesive cap-
sulitis is usually regained, but it has been reported 
that as many as 15% of patients develop permanent 
loss of full range of motion. This range of motion 
loss is often not associated with functional defi cits.1

Last, there are also reports of a loss of bone mass and 
density in the affected shoulder of patients with ad-
hesive capsulitis; however, the signifi cance of this is 
unclear.26

A B C

C
C

C

FIGURE 10-3. Note thickening of the coracohumeral ligament (arrows) and obliteration of the subcoracoid space (arrowheads) on T1-weighted magnetic 
resonance imaging. C, coracoid space. A, Normal shoulder. B, Partial obliteration of subcoracoid space. C, Complete obliteration of subcoracoid space. 
(Reprinted with permission from Mengiardi B, Pfi rrmann CW, Gerber C, et al. Frozen shoulder: MR arthrographic fi ndings. Radiology 2004;233:486-492.)
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Pendulum (left shoulder)
Lean forward with support.
Let arm hang down.
Swing arm
a) forward and back
b) side to side
c) around in circles (both ways)
Repeat 5-10 times each movement.

Arm overhead (left shoulder)
Lie on your back.
Support problem arm with other hand
at wrist and lift it up overhead.
Do not let your back arch.
Can start with elbows bent.
Repeat 5-10 times.

Stretching the back of the shoulder (left shoulder)
Take hand of your problem shoulder
across body toward opposite shoulder.
Give gentle stretch by pulling with your
uninvolved arm at the elbow.
Repeat 5 times.

Twisting outward (right shoulder)
Sit holding a stick (rolling pin, umbrella).
Keep elbow into your side throughout.
Push with unaffected arm so hand of 
problem side is moving away from midline.
Can be done lying down.
Repeat 5-10 times.

Hand behind back (right shoulder)
Stand with arms by side.
Grasp wrist of problem arm and
a) gently stretch hand toward
 your opposite buttock.
b) slide your arm up your back.
 Can progress and use a towel.

A

C

D

E

B

FIGURE 10-4. Pendulum and Uni-
versity of Washington (Jackins) exer-
cises for improving range of motion. 
These exercises should be imple-
mented early. Explanations of the 
procedures are provided. A, Pendu-
lum exercises. B, Overhead stretch. 
C, Cross-body reach. D, External ro-
tation. E, Internal rotation with ad-
duction. (Reprinted with permission 
from Yeovil Elbow and Shoulder Ser-
vice. Available at: www.yess.uk.com/
patient_information.)
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POTENTIAL TREATMENT 
COMPLICATIONS
Treatment complications from conservative manage-
ment are rare but can include side effects associated 
with nonsteroidal anti-infl ammatory drugs and anal-
gesic medications; these include gastrointestinal 
bleeds, gastritis, toxic hepatitis, and renal failure.27

Caution should be used in the treatment of patients 
with congestive heart failure and hypertension due to 
fl uid retention associated with the use of nonsteroidal 
anti-infl ammatory drugs.28,29 In patients undergoing 
suprascapular nerve blocks, care must be taken to pre-
vent intraneural and intravascular injections. There 
has been one reported case of a patient suffering a 
pneumothorax during a suprascapular nerve block 
when a spinal needle was used.30 A common surgical 
complication that can occur is a humeral fracture dur-
ing manipulations under anesthesia.
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DEFINITION
First documented in 1932, biceps tendinitis is a general 
term used to describe infl ammation, pain, or tenderness 
in the region of the biceps tendon.1 The actual origin of 
the pain may be a degenerative process called tendino-
sis. This usually occurs in “watershed” areas of compro-
mised vascular supply of tendons, but proinfl ammatory 
neural mechanisms may also play a role.2,3

Primary biceps tendinitis describes isolated infl amma-
tion of the tendon as it runs in the intertubercular 
groove; it typically occurs in the younger, athletic popu-
lations.4,5 The precipitating forces in primary biceps 
tendinitis are multifactorial and include repetitive over-
use, multidirectional shoulder instability, calcifi cations 
into the tendon, and direct trauma.6,7 A fl at medial wall 
of the bicipital groove can predispose to subluxation of 
the long head tendon, increasing risk for infl amma-
tion.8 A shallow bicipital groove can also promote sub-
luxation.9 Primary biceps tendinitis is rare. Secondary 
bicipital tendinitis is typically seen in the older popula-
tion and more commonly than primary biceps tendini-
tis.1,4 Studies have found that up to 95% of patients 
with bicipital tendinitis have associated rotator cuff dis-
ease.9 A more recent study has noted biceps tendinopa-
thy as a source of anterior shoulder pain after a total 
shoulder arthroplasty.10 Focal chondromalacia near the 
bicipital groove (a biceps tendon “footprint”) on ar-
throscopy is often seen with rotator cuff tears or multi-
directional shoulder instability.11 The presence of the 
footprint increases the risk for tendinitis.11

The majority of shoulder movement occurs about the 
glenohumeral joint, which is a ball-and-socket joint. 

This joint has great mobility at the expense of stability, 
and dynamic effects of muscle strength and function are 
highly interdependent. Injury to or compromise of a 
single muscle of the dynamic shoulder stabilizers can 
adversely affect other muscles and impair function of 
the entire joint. The biceps is known to help prevent 
superior translation of the humeral head during shoul-
der abduction.4,12

SYMPTOMS
Biceps tendinitis usually presents with complaints of an-
terior shoulder pain that is worse with activity. Often, 
pain will also occur with prolonged rest and subsequent 
immobility, particularly at night.13 Attention should be 
given to onset, duration, and character of the pain. Some 
individuals present with only complaints of fatigue with 
shoulder movement in the early stages of tendinitis. His-
tory of prior trauma, athletic and occupational endeav-
ors, and systemic diseases should be considered in evalu-
ating the shoulder. The pain can be diffi cult to separate 
from impingement or rotator cuff syndrome.4 Patients 
with accompanying supraspinatus tendinitis or “im-
pingement syndrome” often complain of a “pinching” 
sensation with overhead activities and a “toothache” sen-
sation in the lateral proximal arm.14 A throwing athlete, 
such as a baseball pitcher, may hear or feel a “snap” if the 
tendon subluxates in the groove.1 In bicipital tendinitis, 
anterior shoulder pain occurs with shoulder fl exion and 
lifting activities that involve elbow fl exion.15

PHYSICAL EXAMINATION
A physical examination begins with adequate inspec-
tion of the shoulder and neck region. Attention is given 
to prior scars, structural deformities, posture, and mus-
cle bulk. Determination of the exact location of pain 
can be helpful for diagnosis. Biceps tendinitis com-
monly presents with palpable tenderness over the bi-
cipital groove (Fig. 11-1). Side-to-side comparisons 
should be made because the tendon is typically slightly 
tender to direct palpation. Tenderness over the lateral 
aspect of the shoulder suggests tendinitis or strain of the 
deltoid muscle or the underlying bursa. Shoulder range 

Synonyms
Biceps tendinosis
Bicipital tendinitis

ICD-9 Codes
726.11 Calcifying tendinitis of shoulder
726.12 Bicipital tenosynovitis
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of motion may be limited if the rotator cuff is involved. 
Motion limitation is not seen in isolated tendinopa-
thies but is often seen in concomitant degenerative joint 
diseases, impingement syndromes, tendon tears, or ad-
hesive capsulitis. A neurologic examination should be 
normal, including sensation and deep tendon refl exes. 
On occasion, strength is limited by pain.

Special tests of the shoulder should be performed rou-
tinely. The Speed and Yergason tests (Figs. 11-2 and 11-3) 
are often used to help evaluate for bicipital tendini-
tis.16,17 The Speed test has been shown to be a sensitive 
but nonspecifi c indicator of biceps or labral injury.18

Impingement tests13 and supraspinatus tests19 will help 
assess for any concurrent rotator cuff tendinitis. Other 
maneuvers to assess for instability (anterior apprehen-
sion, anterior-posterior load and shift), labral disease 
(O’Brien test), and acromioclavicular joint arthritis (Scarf 
test) should be performed.

FUNCTIONAL LIMITATIONS
Biceps tendinitis may cause patients to limit their ac-
tivities at home and at work. Limitations may include 
diffi culty with lifting and carrying groceries, garbage 
bags, and briefcases. Athletics that involve the affected 
arm, such as swimming, tennis, and throwing sports, 
may be curtailed. Pain may impair sleep.

DIAGNOSTIC STUDIES
Biceps tendinitis is generally diagnosed on a clinical 
basis, but imaging studies are helpful for excluding 
other pathologic processes. Plain radiographs are usu-

ally normal with biceps tendinitis.1 However, they can 
show calcifi cations in the tendon and degenerative dis-
ease of the joint that may predispose to tendinitis. The 
Fisk view is used in evaluating bicipital tendinitis to as-
sess the size of the intertubercular groove. This helps 
determine whether there is a relative risk for develop-
ment of recurrent subluxation of the tendon, which is 

FIGURE 11-1. Palpation of the bicipital groove.

FIGURE 11-2. Demonstration of Speed test for bicipital tendinitis. The ex-
aminer provides resistance to forward fl exion of the shoulder with the 
elbow in extension and supination of the forearm. Pain is elicited in the 
intertubercular groove in a positive test result.

FIGURE 11-3. Demonstration of Yergason test. The examiner provides 
resistance against supination of the forearm with the elbow fl exed at 
90 degrees. The test result is considered positive when pain is produced 
or intensifi ed in the intertubercular groove.
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seen in individuals with short and narrow margins of 
the intertubercular groove.20

Arthrography has been used in the past for rotator cuff 
disease, but it is generally helpful only in full-thickness 
tears and has lost favor to magnetic resonance imaging. 
Magnetic resonance imaging can detect partial-thickness 
tendon tears, examine muscle substance, evaluate soft 
tissue abnormalities and labral disease, and assess for 
masses. In biceps tendinitis, increased signal intensity is 
seen on T2-weighted images.21 However, this fi nding 
is also seen with partial tears of the tendon.21 Tendinosis 
presents with increased tendon thickness and intermedi-
ate signal in the surrounding sheath.22

Beginning in the early 1980s, ultrasonography has been 
used by some centers for dynamic assessment of tendon 
function.23 A few research articles have found it sensitive 
for detection of biceps tendinitis and cost-effective, but it 
can be very operator dependent and has not yet reached 
widespread acceptance.23-25 With ultrasound evaluation, 
the infl amed areas of the tendon have low refl ectivity.21

Electrodiagnosis is used when concomitant peripheral 
neuropathies need assessment. Arthroscopy is a useful 
procedure for the evaluation of intra-articular disease 
but does not play a role in isolated tendinitis.

TREATMENT
Initial
The hallmark for treatment of biceps tendinitis involves 
activity modifi cation, anti-infl ammatory measures, heat 
and cold modalities, and a therapeutic exercise program 
for promoting strength and fl exibility of the dynamic 
shoulder stabilizers.17 Overhead activities and lifting are 

to be avoided initially. Workstation assessment and 
modifi cation can be helpful for laborers. Evaluation of 
athletic technique and training adaptations are impor-
tant in athletes. Nonsteroidal anti-infl ammatory drugs 
can assist with decreasing the pain and infl ammation. 
Shoulder stretching helps maintain range of motion 
and fl exibility and is emphasized in all parameters of 
abduction, adduction, and internal and external rota-
tion.26 Posterior capsule stretching is also important, 
particularly with concomitant impingement syndrome.1
Moist heat can be useful before activity. Ice is helpful 
after exercise for minimizing pain.

Rehabilitation
Rehabilitation for biceps tendinitis is similar to that for 
rotator cuff tendinitis (see Chapter 14). Moreover, be-
cause biceps tendinitis rarely occurs in isolation, it is 
important to rehabilitate the patient by accounting for 
all of the shoulder disease that is present (e.g., instabil-
ity, impingement). Modalities such as ultrasound can be 
applied easily to focal tendinitis as a deep heating mo-
dality using 1 to 2.5 watts/cm2. Once full, pain-free ac-
tive range of motion is achieved, progressive resistance 
exercises are used to strengthen the dynamic shoulder 
stabilizers, progressing from static to dynamic exercise as 
tolerated.4 Eccentric strengthening may be benefi cial for 
biceps tendinopathy, but more research is needed.3
Overhead and shoulder abduction activities should be 
avoided early in treatment because they can exacerbate 
symptoms.4 Athletes return to play gradually when pain 
is minimal or absent. Other modalities, such as ionto-
phoresis and electrical stimulation, have been used, but 
there are no signifi cant studies supporting their effi cacy.

Procedures
Steroid injections are a useful adjunct for biceps tendi-
nitis (Fig. 11-4). Care is taken to avoid injection into the 
tendon substance itself.

Immediate postinjection care includes icing for 5 to 
10 minutes, and the patient may continue to apply ice 
at home for 15 to 20 minutes, two or three times daily, 
for several days. The patient should be instructed 
to avoid heavy lifting or vigorous exercise for 48 to 
72 hours after injection. It is advisable not to repeat the 
injection more than two or three times because of the 
possibility of weakening the tendon.

These injections serve as an adjunct to diminish pain 
and infl ammation and to facilitate the rehabilitation 
process. Injections must be used judiciously to avoid 
weakening of the tendon substance.27 Depending on 
the shoulder disease, other injections may also be useful 
(e.g., subacromial).28

Surgery
Surgery is generally not indicated for isolated biceps 
tendinitis. However, biceps tenodesis in conjunction 
with acromioplasty in chronic, refractory cases and in 
those cases associated with rotator cuff impingement 

Differential Diagnosis

Rotator cuff tendinitis and tears

Multidirectional instability

Biceps brachii rupture

Acromioclavicular joint sprain

Glenohumeral or acromioclavicular degenerative joint 
disease

Rheumatoid arthritis

Crystalline arthropathy

Adhesive capsulitis

Cervical spondylosis

Cervical radiculopathy

Brachial plexopathy

Peripheral entrapment neuropathy

Referral from visceral organs

Diaphragmatic referred pain
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has been found to have good results.1,4 Tenotomy of the 
long head of the biceps for chronic tendinitis remains 
controversial, and long-term results are unknown.1,29

POTENTIAL DISEASE COMPLICATIONS
Progressive biceps tendinitis and pain can lead to di-
minished activity and subsequent adhesive capsulitis. 
Compensatory problems with other tendons can de-
velop because of their interdependence for proper 
shoulder movement. The development of myofascial 
pain of the surrounding shoulder girdle muscles is an-
other common complication in shoulder tendinitis.

POTENTIAL TREATMENT 
COMPLICATIONS
The exercise program should be properly supervised ini-
tially to prevent aggravation of tendinitis of other muscle 
groups. Analgesics and nonsteroidal anti-infl ammatory 
drugs have well-known side effects that most commonly 
affect the gastric, hepatic, and renal systems. Repeated 
steroid injections in or near tendons result in compro-
mise of the tendon substance and should be avoided.

FIGURE 11-4. Injection technique for the long head of the biceps bra-
chii. Under sterile conditions with use of a 25-gauge, 11⁄2 -inch disposable 
needle and a local anesthetic-corticosteroid combination, the area sur-
rounding the biceps tendon is injected. It is important to bathe the ten-
don sheath in the preparation rather than to inject the tendon itself. 
Typically, a 1- to 3-mL aliquot of the mixture is used (e.g., 1 mL of 1% 
lidocaine mixed with 1 mL of betamethasone). (Reprinted with per-
mission from Lennard TA. Pain Procedures in Clinical Practice, 2nd ed. 
Philadelphia, Hanley & Belfus, 2000:150.)
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DEFINITION
Biceps tendon rupture is either complete or partial dis-
ruption of the tendon of the biceps brachii muscle that 
can occur proximally or distally. The more common 
proximal ruptures are frequently seen in older individu-
als who have had chronic tendinosis of the long head of 
the biceps tendon associated with concomitant rotator 
cuff disease and degenerative joint disease of the shoul-
der1 (Fig. 12-1). The incidence is 1.2 per 100,000 pa-
tients, with a majority on the dominant side of men 
who smoke and are in the fourth decade of life.2 Most 
cases involve the long head of the biceps brachii and 
present as a partial or complete avulsion from the supe-
rior rim of the anterior glenoid labrum.3

The distal biceps rupture is relatively uncommon and 
typically occurs in middle-aged men. This often devel-
ops suddenly with stressing of the fl exor mechanism of 
the elbow. Distal biceps rupture usually occurs as a sin-
gle traumatic event, such as heavy lifting; it is often an 
avulsion of the tendon from the radial tuberosity, but it 
can also occur as a midsubstance tendon rupture.4

SYMPTOMS
Proximal ruptures are often asymptomatic and are com-
monly discovered with awareness of distal migration of 
the biceps brachii muscle mass, or they may occur sud-
denly by a seemingly trivial event. Often, individuals 
will note an acute “popping” sensation. Edema and ec-
chymosis may be seen with tendon rupture but also 
with other regional pathologic processes. The proximal 

ruptures are typically less painful but can be preceded 
by chronic shoulder discomfort.5

An acute distal rupture is often associated with pain at 
the antecubital fossa that is typically aggravated by re-
sisted elbow fl exion. The pain is usually sharp initially 
but improves with time and is often described as a dull 
ache.6 Swelling, distal ecchymosis, and proximal migra-
tion of the biceps brachii muscle mass accompany this 
injury with a magnitude dependent on the degree of 
injury. Patients often present with a cosmetic rather 
than a functional complaint.

PHYSICAL EXAMINATION
Visual inspection of the biceps brachii, including com-
parison with the unaffected limb, is usually the fi rst and 
most critical element in the physical examination of this 
condition. The Ludington test7 is a recommended posi-
tion in which to observe differences in the contour and 
shape of the biceps (Fig. 12-2). Complete ruptures are 
relatively easy to diagnose; patients often come in aware 
of the biceps muscle retraction, whereas partial ruptures 
exist along a spectrum and can be more diffi cult. The cli-
nician should also assess for the presence of ecchymosis 
or swelling as a sign of acute injury. Palpation for point 
tenderness will often reveal pain at the rupture site. Effort 
should also be made to determine whether the rupture is 
complete by palpation of the tendon. Thorough assess-
ment of the shoulder and elbow should be made for 
range of motion and laxity. The Yergason8 and Speed9

tests (see Chapter 11), which are used in the assessment of 
bicipital tendinitis, are also recommended. Posterior dis-
location of the long head of the biceps tendon has been 
reported10 and may share some common physical exami-
nation fi ndings, but not muscle retraction.

In patients with inconsistent physical examination 
fi ndings and questionable secondary gain issues, the 
American Shoulder and Elbow Surgeons subjective 
shoulder scale has demonstrated acceptable psycho-
metric performance for outcomes assessment in pa-
tients with shoulder instability, rotator cuff disease, and 
glenohumeral arthritis.11 It is important to examine 
the entire shoulder and to keep in mind that it is a 
complex, inherently unstable, well-innervated joint 

Synonyms
Biceps brachii rupture
Biceps tear
Bicipital strain

ICD-9 Codes
727.62 Rupture of tendon of biceps (long head), nontraumatic
840.8   Sprain or strain of other specifi ed site of shoulder and 

upper arm
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that tends to function, and fail, as a unit—therefore, 
additional lesions that are the true pain generator may 
be evident. One study12 looking at shoulder magnetic 
resonance fi ndings showed no statistical relationship 
between the level of disability and either biceps tendon 
rupture or biceps tendinopathy; rather, disability was 
linked to supraspinatus tendon lesions and bursitis.

A thorough neurologic and vascular examination is per-
formed, and fi ndings should be normal in the absence of 
concomitant problems. Caution should be used with 
strength testing to avoid worsening of an incomplete tear.

FUNCTIONAL LIMITATIONS
The functional limitations are generally relatively mini-
mal with proximal biceps rupture,13 and the patient’s 
concern is commonly centered around cosmetic consid-
erations. More signifi cant weakness of elbow fl exion 
and supination is noted after a distal tendon disruption. 
Pain can be acutely limiting after both situations but is 
typically more of a problem in distal rupture. The pri-
mary role of the biceps brachii is supination of the 
forearm. Elbow fl exion is functional by the action of the 
brachialis and brachioradialis. A degree of residual 
weakness with supination and elbow fl exion, particu-
larly after distal tendon rupture, can cause functional 
impairment for individuals who perform heavy physical 
labor, such as moving boxes, wood boards, or heavy 
equipment.14 Fatigue with repetitive work is also a com-
mon complaint with nonsurgically treated distal ten-
don ruptures.15 The long head of the biceps is believed 
to play a role in anterior stability of the shoulder16,17;
this is an issue for people who perform overhead activi-
ties (such as lifting, fi ling, and painting), powerlifting 
(in which the last 10% of strength is crucial), and non-
sports activities in which the appearance of symmetry is 
important (such as bodybuilding).

DIAGNOSTIC STUDIES
The diagnosis of biceps brachii rupture is often made on 
a clinical basis alone. Magnetic resonance imaging is help-
ful in confi rming the diagnosis and assessing the extent of 
the injury, but it should be performed in the FABS (fl exed 
elbow, abducted shoulder, forearm supinated) position to 
obtain a true longitudinal view.18 It is particularly useful 
in partial ruptures.19 Magnetic resonance imaging studies 
can also assess concomitant rotator cuff disease. Diagnos-
tic ultrasonography is a musculoskeletal imaging modal-
ity that is gaining popularity in the United States; it may 
be more cost-effective as a screening tool when clinical 
index of suspicion is low.20 Imaging of the entire insertion 
site as well as of elbow structures should be performed in 
distal ruptures. Plain radiographs sometimes show hyper-
trophic bone formation related to chronic degenerative 
tendon abnormalities as a predisposition to rupture. Ra-
diographs are also performed in acute traumatic cases to 
rule out fractures. Electrodiagnostic medicine consulta-
tion for possible peripheral nerve damage should be con-
sidered when appropriate.

TREATMENT
Initial
For most patients, treatment of proximal biceps tears 
is conservative. Surgery is rarely necessary because there 
is little loss of function, and the cosmetic deformity is 

FIGURE 12-1. Proximal biceps tendon rupture.

FIGURE 12-2. The Ludington test is performed by having the patient 
clasp both hands onto or behind the head, allowing the interlocking fi n-
gers to support the arms. This action permits maximum relaxation of the 
biceps tendon in its resting position. The patient then alternately con-
tracts and relaxes the biceps while the clinician palpates the tendon and 
muscle. In a complete tear, contraction is not felt on the affected side.
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generally acceptable without surgical repair.21 Young 
athletes or heavy laborers may be the exception; they 
typically need the lost strength that occurs with loss of 
the continuity of the biceps tendon. Distal tears are 
more commonly referred to surgery acutely. However, 
initial treatment of partial distal ruptures consists of 
splint immobilization in fl exion, which should be con-
tinued for 3 weeks. This is followed by a gradual return 
to normal activities. Analgesics, nonsteroidal anti-
infl ammatory drugs, and ice may assist with the discom-
fort and swelling in both proximal and distal ruptures.

Rehabilitation
Nonsurgical treatment includes range of motion exer-
cises of the elbow and shoulder for contracture preven-
tion. Modalities such as iontophoresis and therapeutic 
ultrasound can be used for pain control. Electrical stimu-
lation should probably be considered to be contraindi-
cated in partial tears and not indicated in complete tears 
because of the counterphysiologic type II motor unit re-
cruitment, lack of control of power-length relationship, 
and concern for converting a partial to a complete tear. 
Gentle strengthening can typically be done after the 
acute phase (i.e., when there is little swelling or pain) in 
complete tears that are not going to be repaired because 
there is little chance of further injury.

Postoperative rehabilitation for distal biceps rupture 
repairs consists of immobilization of the elbow in 
90 degrees of fl exion for 7 to 10 days, followed by the 
use of a hinged fl exion-assist splint with a 30-degree 
extension block for 8 weeks after surgery. Gentle range 
of motion and progressive resistance exercises are 
started after that. Unlimited activity is not allowed 
until 5 months postoperatively.22

Procedures
No procedures are performed in the treatment of biceps 
tendon rupture. Musculocutaneous nerve or upper trunk 
brachial plexus block may have a role either periopera-
tively or palliatively in selected cases.

Surgery
Prompt assessment is necessary for complete distal bi-
ceps ruptures under consideration for surgical repair 
because muscle shortening occurs over time. The same is 
true for proximal ruptures in very active individuals who 
require maximal upper body strength for their vocation 
or sport. Optimal surgical outcomes are obtained if 
treatment occurs within the fi rst 4 weeks after injury. 
Partial distal ruptures are generally observed nonopera-
tively until a complete rupture occurs. The partial rup-
ture can scar and remain in continuity.5 The goal of sur-
gical treatment is to restore strength of supination and 
fl exion. For distal repairs, this is typically performed by 
a two-incision technique involving reinsertion of the 
biceps tendon to the radial tuberosity.23 A single-incision 
technique with use of suture anchors in the bicipital tu-
berosity has shown excellent long-term functional re-
sults by the Disabilities of the Arm, Shoulder, and Hand 
(DASH) questionnaire.24

POTENTIAL DISEASE COMPLICATIONS
Complications from isolated biceps rupture are rela-
tively rare. Partial tears can become complete tears. At-
tention should be given to potential contracture forma-
tion. Median nerve compression has been reported 
presumably to be related to an enlarged synovial bursa 
associated with a partial distal biceps tendon rupture.25

Compartment syndrome has also been reported in 
proximal biceps rupture in a patient receiving systemic 
anticoagulation.26

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Advancement of 
the extent of the rupture can occur with overly aggres-
sive strengthening measures and passive stretching. The 
potential for serious surgical complications is most sig-
nifi cant with distal rupture because of the important 
neurovascular structures in that region, including the 
median and radial nerves and brachial artery and vein.27

The complication rate increases with the length of time 
after rupture that surgery is performed. Proximal radial-
ulnar synostosis and heterotopic ossifi cation have also 
been reported as rare postsurgical complications.22 Stiff-
ness and contractures are possible with or without sur-
gical intervention.

Differential Diagnosis

Musculocutaneous neuropathy

Rotator cuff disease

Brachial plexopathy

Pectoralis major muscle rupture

Tumor

Hematoma

Dislocated biceps tendon

Cervical radiculopathy

Parsonage-Turner syndrome
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DEFINITIONS
Shoulder instability represents a spectrum of disorders 
ranging from shoulder subluxation, in which the hu-
meral head partially slips out of the glenoid fossa, to 
shoulder dislocation, which is a complete displacement 
out of the glenoid. It is classifi ed as anterior, posterior, 
or multidirectional and on the basis of its frequency, 
etiology, direction, and degree.1 Instability can result 
from macrotrauma, such as shoulder dislocation, or re-
petitive microtrauma associated with throwing, and it 
can occur without trauma in individuals with general-
ized ligamentous laxity.

The glenohumeral joint has a high degree of mobility at 
the expense of stability. Static and dynamic restraints 
combine to maintain the shoulder in place with over-
head activity. Muscle action, particularly of the rotator 
cuff and scapular stabilizers, is important in maintain-
ing joint congruity in midranges of motion. Static stabi-
lizers such as the glenohumeral ligaments, joint capsule, 
and glenoid labrum are important for stability in the 
extremes of motion.2

Damage to the shoulder capsule, the glenohumeral 
ligaments, and the inferior labrum results from acute 
dislocation. Repeated capsular stretch, rotator cuff, 
and superior labral injuries are associated with ante-
rior instability in athletes who participate in overhead 
sports; a loose patulous capsule is the primary patho-
logic change with multidirectional instability, and pa-
tients may present with bilateral symptoms.3,4 Shoul-
der instability affects, in particular, young individuals, 

females, and athletes, but it may also affect sedentary 
individuals.5,6

In the case of traumatic instability, the individual usually 
falls on the outstretched, externally rotated, and ab-
ducted arm with a resulting anterior dislocation. A blow 
to the posterior aspect of the externally rotated and ab-
ducted arm can also result in anterior dislocation. Poste-
rior dislocation usually results from a fall on the forward 
fl exed and adducted arm or by a direct blow in the pos-
terior direction when the arm is above the shoulder.2

Recurrent shoulder instability after a traumatic disloca-
tion is common, particularly when the initial event hap-
pens at a young age. In these individuals, it may occur 
repeatedly in association with overhead activity, and it 
may even happen at night in those with severe symp-
toms.6 The patients may initially require visits to the 
emergency department or reduction of recurrent dislo-
cation by a team physician; but as the condition be-
comes more chronic, some may be able to reduce their 
own dislocations.

Patients with neurologic problems such as stroke, bra-
chial plexus injury, and poliomyelitis may present with 
shoulder girdle muscle weakness, scapular dysfunction, 
and resultant shoulder instability.

SYMPTOMS
With atraumatic instability or subluxation, it may be 
diffi cult to identify an initial precipitating event. Usu-
ally, symptoms result from repetitive activity that places 
great demands on the dynamic and static stabilizers of 
the glenohumeral joint, leading to increased translation 
of the humeral head in racket sports, swimming, or 
work-related tasks. Pain is the initial symptom, usually 
associated with impingement of the rotator cuff under 
the coracoacromial arch. Patients may also report that 
the shoulder slips out of the joint or that the arm goes 
“dead,” and they may report weakness associated with 
overhead activity.7

Patients with neurologic injury present with pain with 
motion and shoulder subluxation as well as scapular 
and shoulder girdle muscle weakness.

Synonyms
Dislocation
Subluxation
Recurrent dislocation
Multidirectional instability

ICD-9 Codes
718.81 Instability of shoulder joint
831.00 Closed dislocation of shoulder, unspecifi ed
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PHYSICAL EXAMINATION
The shoulder is inspected for the presence of deformity, 
atrophy of surrounding muscles, asymmetry, and scapu-
lar winging. Individuals are observed from the anterior, 
lateral, and posterior positions. Palpation of soft tissue 
and bone is systematically addressed and includes the 
rotator cuff, biceps tendon, and subacromial region.

Passive and active range of motion is evaluated. Differ-
ences between passive and active motion may be sec-
ondary to pain, weakness, or neurologic damage. Re-
peated throwing may lead to an increase in measured 
external rotation accompanied by a reduction in inter-
nal rotation; tennis players may present with an isolated 
glenohumeral internal rotation defi cit.8

Manual strength testing is performed to identify weak-
ness of specifi c muscles of the rotator cuff and the 
scapular stabilizers. The supraspinatus muscle can be 
tested in the scapular plane with internal rotation or 
external rotation of the shoulder. The external rotators 
can be tested with the arm at the side of the body; the 
subscapularis muscle can be tested by the lift-off test, in 
which the palm of the hand is lifted away from the 
lower back (Fig.13-1). The scapular stabilizers, such as 
the serratus anterior and the rhomboid muscles, can be 

tested in isolation or by doing wall pushups.9 Sensory 
and motor examination of the shoulder girdle is per-
formed to rule out nerve injuries.

Testing the shoulder in the position of 90 degrees of for-
ward fl exion with internal rotation, or in extreme forward 
fl exion with the forearm supinated, can assess for rotator 
cuff impingement and may reproduce symptoms of pain10

(Fig. 13-2). Glenohumeral translation testing for ligamen-
tous laxity or symptomatic instability should be docu-
mented. Apprehension testing can be performed with the 
patient sitting, standing, or in the supine position. The 
shoulder is stressed anteriorly in the position of 90 degrees 
of abduction and external rotation to reproduce the feeling 
that the shoulder is coming out of the joint (Fig. 13-3). A 
relocation maneuver that reduces the symptoms of insta-
bility also aids in the diagnosis but appears to be less spe-
cifi c than apprehension testing11 (Fig. 13-4). The causation 
of posterior shoulder pain (rather than symptoms of insta-
bility) with apprehension testing may be associated with 
internal impingement of the rotator cuff and posterior 
superior labrum.

Other tests include the load and shift maneuver with 
the arm at the side to document humeral head transla-
tion in anterior and posterior directions; the sulcus sign 
to document inferior humeral head laxity; and the 
active compression test described by O’Brien and col-
leagues in which a downward force is applied to the 
forward fl exed, adducted, and internally rotated shoul-
der to reproduce pain associated with superior labral 
tears or acromioclavicular joint disease.8,12-15

FIGURE 13-1. In the lift-off test of the subscapularis, the patient places 
the arm on the lower back area and attempts to forcefully internally ro-
tate against the examiner’s hand. It is important to document fi rst that 
the patient has enough passive motion to allow the shoulder to be inter-
nally rotated away from the lower back area.

FIGURE 13-2. Impingement test for impingement against the coraco-
acromial arch.
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FUNCTIONAL LIMITATIONS
Limitations include reduced motion, muscle weakness, 
and pain that interferes with activities of daily living, 
such as reaching into cupboards and brushing hair. Ath-
letes, particularly those participating in throwing sports, 
may experience a decrease in the velocity of their 
pitches, and tennis players may lose control of their 
serve. Occupational limitations may include inability to 
reach or to lift weight above the level of the head or pain 
with rotation of the arm in a production line. Recurrent 
instability often leads to avoidance of activities that re-
quire abduction and external rotation because of repro-
duction of symptoms.

DIAGNOSTIC STUDIES
The standard radiographs that are obtained to evaluate 
the patient with shoulder symptoms include anteropos-
terior views in external and internal rotation, outlet 
view, axillary lateral view, and Stryker notch view. These 
allow an assessment of the greater tuberosity and the 
shape of the acromion and reveal irregularity of the 
glenoid or posterior humeral head.

Special tests that can also be ordered include arthrogra-
phy, computed tomographic arthrography, and mag-
netic resonance imaging. These should be ordered in 
looking for rotator cuff or labral abnormalities in the 
patient who has not responded to treatment. Magnetic 
resonance imaging has become the current standard 
technique for evaluation of rotator cuff and labral dis-
ease. Gadolinium contrast enhancement and modifi ca-
tion of the position of the arm for the test appear to 
increase the sensitivity of magnetic resonance imaging 
in identifying the specifi c location of capsular or labral 

pathologic changes associated with recurrent instability 
and dislocation.15-18 Diagnostic arthroscopy can be used 
in some cases but is generally not necessary.

TREATMENT
Initial
Acute management of glenohumeral instability is non-
operative in the majority of cases. This includes relative 
rest, ice, and analgesic or anti-infl ammatory medica-
tion. Goals at this stage are pain reduction, protection 
from further injury, and initiation of an early rehabilita-
tion program.

If the injury was observed (as often occurs in athletes) and 
no evidence of neurologic or vascular damage is evident 
on clinical examination, reduction may be attempted 
with traction in forward fl exion and slight  abduction, 

FIGURE 13-3. In the apprehension test, the arm is abducted to approximately 90 degrees and progressively externally rotated while the patient’s 
response is noted. A positive response is elicited by the patient’s having a sensation that the shoulder will slip out of the joint.

Differential Diagnosis

Glenohumeral joint instability

 Post-traumatic

 Atraumatic

 Multidirectional

Rotator cuff tendinitis or tendinosis

Rotator cuff tear

Glenoid labral tear

Suprascapular neuropathy
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followed by gentle internal rotation. If this fails, the pa-
tient should be transported away from the playing area; 
reduction may be attempted by placing the patient prone, 
sedating the individual, and allowing the injured arm to 
hang from the bed with a 5- to 10-pound weight attached 
to the wrist.2 If fracture or posterior dislocation is sus-
pected, the patient should undergo radiologic evaluation 
before a reduction is attempted. After the reduction, 
radiologic studies should be repeated.

When acute shoulder dislocations are treated nonopera-
tively, they are usually managed with variable periods of 

immobilization in a sling, in which the arm is posi-
tioned in internal rotation, followed by an exercise 
program and gradual return to activity. Several studies 
have suggested that placement of the arm in a position 
of external rotation may be more appropriate because 
of better realignment of anatomic structures.19,20 How-
ever, this issue still merits further study because there is 
a lack of randomized controlled studies demonstrating 
a signifi cant reduction in redislocation rates or a differ-
ence in return to activity levels in comparing the posi-
tions of immobilization after reduction or the duration 
of the postreduction immobilization period.21

Rehabilitation
The rehabilitation of glenohumeral instability should 
begin as soon as the injury occurs. The goals of nonsurgi-
cal management are reduction of pain, restoration of full 
motion, correction of muscle strength defi cits, achieve-
ment of muscle balance, and return to full activity free of 
symptoms. The rehabilitation program consists of acute, 
recovery, and functional phases22,23 (Table 13-1).

Acute Phase (1 to 2 weeks)

This phase should focus on treatment of tissue injury 
and clinical signs and symptoms. The goal in this stage 
is to allow tissue healing while reducing pain and in-
fl ammation. Reestablishment of nonpainful active range 
of motion, prevention of shoulder girdle muscle atro-
phy, reduction of scapular dysfunction, and mainte-
nance of general fi tness are addressed.

Recovery Phase (2 to 6 weeks)

This phase focuses on obtaining normal passive and ac-
tive glenohumeral range of motion, restoring posterior 
capsule fl exibility, improving scapular and rotator cuff 
muscle strength, and achieving normal core muscle 
strength and balance. This phase can be started as soon 
as pain is controlled and the patient can participate in 
an exercise program without exacerbation of symptoms. 
Young individuals with symptomatic instability need to 
progress slowly to the position of shoulder abduction 
and external rotation. Athletes can progress rapidly 
through the program and emphasize exercises in func-
tional ranges of motion. Older patients with goals of 
returning to activities of daily living may require slower 
progression, particularly if they have signifi cant pain, 
muscle inhibition, and weakness. Biomechanical and 
functional defi cits including abnormalities in the throw-
ing motion should also be addressed.

Functional Phase (6 weeks to 6 months)

This phase focuses on increasing power and endurance 
of the upper extremities while improving neuromuscu-
lar control because a normal sensorimotor system is key 
in returning to optimal shoulder function.24 Rehabilita-
tion at this stage works on the entire kinematic chain to 
address specifi c functional defi cits.

After the completion of the rehabilitation program, 
prehabilitation strategies with goals of preventing re-
current injury should be instituted for individuals who 

B

C

A

FIGURE 13-4. A, Apprehension relocation test in supine position with 
arm in 90 degrees of abduction and maximal external rotation. B, Reduc-
tion of symptoms of apprehension with posteriorly directed force on 
proximal humerus. C, Increased symptoms of apprehension or pain with 
anterior force applied on proximal humerus.
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participate in sports, recreational activities, or work-
related tasks in which high demands on the shoulder 
joint are expected. A training program that combines 
fl exibility and strengthening exercises with neuromus-
cular as well as proprioceptive training should be on-
going. Patients with multidirectional instability need 
to work specifi cally on strengthening of the scapular 
stabilizers and balancing the force couples between 
the rotator cuff and the deltoid muscle.

Procedures
If the individual persists with some symptoms of pain 
secondary to rotator cuff irritation despite an appro-
priate rehabilitation program, a subacromial injection 
could be considered (Figs.13-5 and 13-6). The patient 
at that time should be reevaluated for identifi cation of 
residual functional and biomechanical defi cits that 
need to be addressed in combination with the injec-
tion. Under sterile conditions, with use of a 23- to 25-
gauge, 11⁄2-inch disposable needle, inject an anesthetic-
corticosteroid preparation by an anterior, posterior, or 
lateral approach. Typically, 3 to 8 mL is injected (e.g., 
4 mL of 1% lidocaine and 2 mL of 40 mg/mL triam-
cinolone). Alternatively, the lidocaine may be injected 
fi rst, followed by the corticosteroid. Postinjection care 
includes local ice for 5 to 10 minutes. The patient is 
instructed to ice the shoulder for 15 to 20 minutes 
three or four times daily for the next few days and 
to avoid aggressive overhead activities for the follow-
ing week.

Surgery
The treatment of an acute initial shoulder dislocation 
has traditionally consisted of a period of immobiliza-
tion followed by rehabilitation and a gradual return to 

full activity. However, because of high rates of recurrent 
instability after conservative treatment in the active ath-
letic population and, in particular, throwers, early surgi-
cal intervention is gaining acceptance.25 Open repair of 
Bankart lesions has been the standard surgical interven-
tion after traumatic instability, and it is still reported by 
some authors as the preferred method because of pre-
dictable results in regard to recurrence of dislocation 
and return to activity.26 Early arthroscopic repair of the 
inferior labral defect associated with acute shoulder 
dislocation is becoming widespread because of an ap-
parent reduction in postoperative morbidity that may 
allow the athlete an early return to function.27,28

In the individual with recurrent instability, surgical 
treatment may need to address abnormalities in the 
shoulder capsule, glenoid labrum, and rotator cuff. Sur-
gical interventions include capsular procedures, such as 
the capsular shift and thermal capsulorrhaphy, and 
labral as well as rotator cuff procedures, such as dé-
bridement and repair.29,30

In many instances, these procedures need to be com-
bined for optimal results in the patient, followed by an 
accelerated rehabilitation program with guidelines sim-
ilar to those for the patient treated nonoperatively.31

POTENTIAL DISEASE COMPLICATIONS
Complications include recurrent instability with over-
head activity, pain of the shoulder region, nerve dam-
age, and weakness of the rotator cuff and scapular 
muscles. These tend to occur more commonly in pa-
tients with multidirectional atraumatic instability. Loss 
of function may include inability to lift overhead and 
loss of throwing velocity and accuracy. Recurrent epi-
sodes of instability in the older individual may also be 
related to the development of rotator cuff tears.32

TABLE 13-1 Glenohumeral Instability Rehabilitation

 Acute Phase Recovery Phase Functional Phase

Therapeutic intervention Active rest
Cryotherapy
Electrical stimulation
Protected motion
Isometric and closed 

chain exercise to 
shoulder and scap-
ular muscles

General conditioning
Nonsteroidal anti-

infl ammatory drugs

Modalities: superfi cial heat, ultra-
sound, electrical stimulation

Range of motion exercises, fl exibility 
exercises for posterior capsule

Scapular control: closed chain exer-
cises, proprioceptive neuromuscu-
lar facilitation patterns

Dynamic upper extremity strength-
ening exercise: isolated rotator 
cuff exercises

Sports-specifi c exercises: surgical 
tubing, multiplanar joint exercises, 
core and lower extremity

Gradual return to training

Power and endurance in upper extremi-
ties: diagonal and multiplanar motions 
with tubing, light weights, medicine 
balls, plyometrics

Increased multiple-plane neuromuscular 
control

Maintenance: general fl exibility training, 
strengthening, power and endurance 
exercise program

Sports-specifi c progression

Criteria for advancement Pain reduction
Recovery of pain-free 

motion
Strength of the shoul-

der muscles to 4/5

Full nonpainful motion
Normal scapular stabilizers and 

rotator cuff strength
Correction of posterior capsule 

infl exibility
Symptom-free progression in a 

sports-specifi c program

Normal clinical examination
Normal shoulder mechanics
Normal kinematic chain integration
Completed sports-specifi c program
Normal throwing motion
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POTENTIAL TREATMENT 
COMPLICATIONS
Complications of treatment include loss of motion, 
failure of surgical repair with recurrent instability, and 
inability to return to previous level of function. Failure 
of conservative treatment may be associated with in-
complete rehabilitation or poor technique.

Recurrent dislocation after surgical treatment can be re-
lated to not addressing all the sites of pathologic change 
at the time of the operation.33,34 Analgesics and non-
steroidal anti-infl ammatory drugs have well-known side 

effects that most commonly affect the gastric, hepatic, 
cardiovascular, and renal systems.

Clavicle 

Acromion

Humerus 

Subacromial injection 

Lateral 

Anterior 

FIGURE 13-5. Approximate surface anatomy 
(insets) and internal anatomic sites for injection of 
the glenohumeral joint laterally and anteriorly. See 
also Figure 13-6. (Reprinted with permission from 
Lennard TA. Physiatric Procedures. Philadelphia, 
Hanley & Belfus, 1995.)

Clavicle 
Acromion

Humerus

Scapula

Spine of 
scapula

Subacromial injection 

Posterior 

FIGURE 13-6. Posterior injection of the glenohu-
meral joint. (Reprinted with permission from Lennard 
TA. Physiatric Procedures. Philadelphia, Hanley & 
Belfus, 1995.)
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DEFINITION
Rotator cuff tendinitis is a common phenomenon af-
fecting both athletes and nonathletes. The muscles that 
compose the rotator cuff—the supraspinatus, infraspi-
natus, subscapularis, and teres minor—may become 
infl amed or impinged by the acromion, coracoacromial 
ligament, acromioclavicular joint, and coracoid process. 
Fibroblastic hyperplasia (tendinosis) may play a role as 
well. The supraspinatus tendon is the most commonly 
involved.

Rotator cuff tendinitis may result from a variety of fac-
tors. The tendon or its musculotendinous junction can 
be “squeezed” along its course from a relatively nar-
rowed space. Tendinosis can be a result of degeneration 
from the aging process or from underlying subtle insta-
bility of the humeral head.

In chronic rotator cuff tendinitis, the muscles of the 
rotator cuff and surrounding scapulothoracic stabilizers 
may become weak by disuse. Under these conditions, 
the muscles can fatigue early, resulting in altered biome-
chanics. The humeral head moves excessively off the 
center of the glenoid, usually superiorly. From this ab-
normal motion, impingement of the rotator cuff occurs, 
causing infl ammation of the tendon. With the passage 
of time, modifi cations of the acromion occur, resulting 
in osteophyte formation or “hooking” of the acromion 
(Fig. 14-1). With repeated superior migration and acro-
mial changes, degeneration of the musculotendinous 
junction can lead to tearing of the rotator cuff (see 
Chapter 15). This is what many refer to as impingement 
or impingement syndrome. This particularly occurs dur-
ing forward fl exion when the anterior portion of the 
acromion impinges on the supraspinatus tendon.

With prolonged pain, adhesive capsulitis can develop 
from the lack of active motion (see Chapter 10).

SYMPTOMS
Patients normally present with pain in the posterolateral 
shoulder region and, often, deltoid muscle pain, which 
is referred from the shoulder. The pain is described as 
dull and achy and often occurs at night. Complaints oc-
cur with activities above the shoulder level, usually when 
the arm is abducted more than 90 degrees. Pain is also 
noted in movements involving eccentric contractions 
and from sleeping on the affected side. Rotator cuff ten-
dinitis is common in persons with overhead activity 
requirements (e.g., swimmers, painters).

PHYSICAL EXAMINATION
The shoulder examination is approached systematically 
in every patient. It includes inspection, palpation, range 
of motion, muscle strength, and performance of special 
tests of the shoulder as clinically indicated.

The examination begins with observation of the patient 
during the history portion of the evaluation. The shoul-
der should be carefully inspected from the anterior, 
lateral, and posterior positions. Because shoulder pain 
is usually unilateral, comparison with the contralateral 
shoulder is often useful. Atrophy of the supraspinatus 
and infraspinatus muscles can be seen in massive rota-
tor cuff tears as well as in entrapments of the supra-
scapular nerve. Scapular winging is rare in rotator cuff 
injuries; however, abnormalities of scapulothoracic mo-
tion are often present and should be addressed as part 
of the treatment plan.

Tenderness is often localized to the greater tuberosity, 
subacromial bursa, or long head of the biceps.

Total active and passive range of motion in all planes and 
scapulohumeral rhythm should be evaluated. Maximal 
total elevation occurs in the plane of the scapula, which 
lies approximately 30 degrees forward of the coronal 
plane. Patients with rotator cuff tears tend to have altered 
scapulothoracic motion during active shoulder elevation. 
Decreased active elevation with normal passive range of 

Synonyms
Impingement syndrome
Rotator cuff tendinosis

ICD-9 Code
726.10 Rotator cuff syndrome
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motion is usually seen in rotator cuff tears secondary to 
pain and weakness. When both active and passive range 
of motion are similarly decreased, this usually suggests 
the onset of adhesive capsulitis. Glenohumeral internal 
rotation is assessed most accurately by abduction of the 
shoulder to 90 degrees and manual fi xation of the scap-
ula. From this point, the elbow is fl exed to 90 degrees 
and the humerus is internally rotated. The impingement 
syndrome associated with rotator cuff injuries tends to 
cause pain with elevation between 60 and 120 degrees 
(painful arc), when the rotator cuff tendons are com-
pressed against the anterior acromion and coracoacro-
mial ligament.

Muscle strength testing should be done to isolate the rel-
evant individual muscles. The anterior cuff (subscapu-
laris) can be assessed by the lift-off test (see Chapter 13, 
Fig. 13-1), which is performed with the arm internally 
rotated behind the back. Lifting of the hand away from 
the back against resistance tests the strength of the sub-
scapularis muscle. The posterior cuff (infraspinatus and 
teres minor) can be tested with the arm at the side and the 
elbow fl exed to 90 degrees. Signifi cant weakness in exter-
nal rotation will be seen in large tears of the rotator cuff. 
The supraspinatus muscle is specifi cally tested by abduc-
tion of the patient’s arm to 90 degrees, horizontal adduc-
tion to 20 to 30 degrees, and internal rotation of the arm 
to the thumbs down position. Testing of the scapula rota-
tors, the trapezius, and the serratus anterior is also impor-
tant. The serratus anterior can be tested by having the 
patient lean against a wall; winging of the scapula as the 
patient pushes against the wall indicates weakness.

Drop Arm Test
The clinician abducts the patient’s shoulder to 90 degrees 
and then asks the patient to slowly lower the arm to the 
side in the same arc of movement. The test result is posi-
tive if the patient is unable to return the arm to the side 
slowly or has severe pain when attempting to do so. A 
positive result indicates a tear of the rotator cuff.

Impingement Sign
The shoulder is forcibly forward fl exed with the hu-
merus internally rotated, causing a jamming of the 
greater tuberosity against the anterior inferior surface of 
the acromion. Pain with this maneuver refl ects a posi-

tive test result and indicates an overuse injury to the 
supraspinatus muscle and possibly to the biceps tendon 
(see Chapter 13, Fig. 13-2).

Apprehension Test
The arm is abducted 90 degrees and then fully externally 
rotated while an anteriorly directed force is placed on the 
posterior humeral head from behind. The patient will 
become apprehensive and resist further motion if chronic 
anterior instability is present (see Chapter 13, Fig. 13-3).

Relocation Test
Perform the apprehension test with the patient supine 
and the shoulder at the edge of the table (Fig. 14-2). A 
posteriorly directed force on the proximal humerus will 
cause resolution of the patient’s symptoms of apprehen-
sion, which is another indicator of anterior instability 
(see Chapter 13, Fig. 13-4).

FUNCTIONAL LIMITATIONS
Patients with rotator cuff tendinitis complain of pain 
with overhead activities (e.g., throwing a baseball, paint-
ing a ceiling), greatest above 90 degrees of abduction. 
Pain may also occur with internal and external rotation 
and may affect daily self-care activities. Women typically 
have diffi culty hooking the bra in back. Work activities 
such as fi ling, hammering overhead, and lifting can be 
affected. The patient can be awoken by pain in the 
shoulder, which impairs sleep.

DIAGNOSTIC STUDIES
In the event of trauma to the shoulder and complaints 
consistent with rotator cuff tendinitis, the clinician 
should obtain radiographs to avoid missing an occult 
fracture. The anteroposterior view with internal and ex-
ternal rotation is suffi cient for screening. If dislocation is 
suspected, further views should be obtained, including 
West Point axillary, true anteroposterior, and Y views.

Magnetic resonance imaging is the study of choice when 
a patient is not progressing with conservative manage-
ment or to rule out an alternative pathologic process 
(e.g., rotator cuff tear). In tendinitis, magnetic resonance 
imaging will demonstrate an increased signal within the 
substance of the tendon. Diagnostic arthroscopy is used 
in some cases but is generally not necessary.

Electrodiagnostic studies can be ordered to exclude alter-
native diagnoses as well (e.g., cervical radiculopathy).

Subacromial anesthetic injections (see Chapter 13, Figs. 
13-5 and 13-6) have been discussed as diagnostic tools 
to assist in the confi rmation of rotator cuff tendinitis. 
This procedure is not as important for diagnosis of ten-
dinitis as it is for ruling out a tear. If the patient cannot 
provide good effort to abduction during the physical 
examination, the clinician can inject the anesthetic into 
the subacromial space. After the injection, if there is 

FIGURE 14-1. Types of acromial shape (lateral view).
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signifi cant reduction in the pain level and the patient 
can provide adequate and nearly maximal abduction, 
tendinitis is more likely than a rotator cuff tear.

TREATMENT
Initial
There are fi ve basic phases of treatment (Table 14-1). 
These phases may overlap and can be progressed as rap-
idly as tolerated, but each should be performed to speed 
recovery and to prevent reinjury.

Initially, pain control and infl ammation reduction are 
required to allow progression of healing and the initiation 
of an active rehabilitation program. This can be accom-

A

B
FIGURE 14-2. Relocation test. A, In certain shoulders, pain limits abduction and maximum external rotation. B, By the application of pressure on the 
anterior shoulder, the discomfort is eliminated and greater external rotation is noted.

plished with a combination of relative rest from aggravat-
ing activities, icing (20 minutes three or four times a day), 
and electrical stimulation. Acetaminophen may help with 
pain control. Nonsteroidal anti-infl ammatory drugs may 
be used to help control pain and infl ammation.

Having the patient sleep with a pillow between the 
trunk and arm will decrease the tension on the supra-
spinatus tendon and prevent compromise of blood fl ow 
in its watershed region.

Rehabilitation
Physical therapy may also help with pain management. 
Initially, ultrasound to the posterior capsule followed 
by gentle, passive, prolonged stretch may be needed. 
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The use of ultrasound should be closely monitored to 
avoid heating of an infl amed tendon, which will worsen 
the situation.

Restoration of Shoulder Range of Motion

After the pain has been managed, restoration of shoulder 
motion can be initiated. The focus of treatment in this 
early stage is on improvement of range, fl exibility of the 
posterior capsular, and postural biomechanics and resto-
ration of normal scapular motion. Codman pendulum 
exercises, wall walking, stick or towel exercises, and a 
physical therapy program are useful in attaining full pain-
free range. It is important to address any posterior capsu-
lar tightness because it can cause anterior and superior 
humeral head migration, resulting in impingement. A 
tight posterior capsule and the imbalance it causes force 
the humeral head anterior, producing shearing of the an-
terior labrum and causing additional injury. Stretching of 
the posterior capsule is a diffi cult task to isolate. The 
horizontal adduction that is usually performed tends to 
stretch the scapular stabilizers, not the posterior capsule. 

However, stretching of the posterior capsule is possible if 
care is taken to fi x and to stabilize the scapula, preventing 
stretching of the scapulothoracic stabilizers.

Postural biomechanics are important because with poor 
posture (e.g., excessive thoracic kyphosis and protracted 
shoulders), there is increased acromial space narrowing, 
resulting in greater risk for rotator cuff impingement. 
Restoration of normal scapular motion is also essential 
because the scapula is the platform on which the gleno-
humeral joint rotates.1,2 Thus, an unstable scapula can 
secondarily cause glenohumeral joint instability and 
resultant impingement. Scapular stabilization includes 
exercises such as wall pushups and biofeedback (visual 
and tactile).

Strengthening

The third phase of treatment is muscle strengthening, 
which should be performed in a pain-free range. 
Strengthening should begin with the scapulothoracic 
stabilizers and the use of shoulder shrugs, rowing, and 
pushups, which will isolate these muscles and help 
return smooth motion, allowing normal rhythm be-
tween the scapula and the glenohumeral joint. This 
will also provide a fi rm base of support on which the 
arm can move. Attention is then turned to strengthen-
ing of the rotator cuff muscles. Positioning of the arm 
at 45 and 90 degrees of abduction for exercises pre-
vents the “wringing out” phenomenon that hyper-
adduction can cause by stressing the tenuous blood 
supply to the tendon of the exercising muscle. The 
thumbs down position with the arm in more than 
90 degrees of abduction and internal rotation should 
also be avoided to minimize subacromial impinge-
ment. After the scapular stabilizers and rotator cuff 
muscles are rehabilitated, the prime movers are ad-
dressed to prevent further injury and to facilitate re-
turn to prior function.

There are many ways by which to strengthen muscles. 
The rehabilitation program should start with static exer-
cises and co-contractions, progress to concentric exer-
cises, and be completed with eccentric exercises. A 
therapy prescription should include the number of rep-
etitions, the number of sets, and the intensity at which 
the specifi c exercise should be performed. When strength 
is restored, a maintenance program should be contin-
ued for fi tness and prevention of reinjury. Local muscle 
endurance should also be trained.

Proprioception

The fourth phase is proprioceptive training. This is im-
portant to retrain the neurologic control of the strength-
ened muscles, providing improved dynamic interaction 
and coupled execution of tasks for harmonious move-
ment of the shoulder and arm. Tasks should begin with 
closed kinetic chain exercises to provide joint stabilizing 
forces. As the muscles are reeducated, exercises can 
progress to open chain activities that may be used in 
specifi c sports or tasks. In addition, proprioceptive neu-
romuscular facilitation is designed to stimulate muscle-
tendon stretch receptors for reeducation.

Differential Diagnosis

Rotator cuff tear

Glenolabral tear

Muscle strain

Subacromial bursitis

Bicipital tendinitis

Myofascial pain

Fracture

Acromioclavicular sprain

Tumor

Myofascial or vascular thoracic outlet syndrome

Cervical radiculopathy

Traumatic or atraumatic brachial plexus disease 
(e.g., Parsonage-Turner [acute brachial neuritis])

Suprascapular neuropathy

Thoracic outlet syndrome

TABLE 14-1  Treatment Phases for Rotator Cuff 
Tendinitis

Pain control and reduction of infl ammation

Restoration of normal shoulder motion, both scapulothoracic 
and glenohumeral

Normalization of strength and dynamic muscle control

Proprioception and dynamic joint stabilization

Sport- or task-specifi c training
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Task or Sport Specifi c

The last phase of rehabilitation is to return to task- or 
sport-specifi c activities. This is an advanced form of 
training for the muscles to relearn prior activities. This 
is important and should be supervised so the task is 
performed correctly and to eliminate the possibility of 
reinjury or injury in another part of the kinetic chain 
from improper technique. The rehabilitation begins at a 
cognitive level but must be repeated so that it transi-
tions to unconscious motor programming.

Procedures
A subacromial injection of anesthetic can be benefi cial 
in differentiating a rotator cuff tear from tendinitis. Pa-
tients with pain that limits the validity of their strength 
testing may be able to provide almost full resistance to 
abduction and external rotation after the injection, sug-
gesting rotator cuff tendinitis. On the other hand, if 
there is continued weakness, one must consider a rota-
tor cuff tear.

Many clinicians include a corticosteroid with the anes-
thetic to avoid the need for a second injection. This 
procedure can be both diagnostic and therapeutic. If 
one makes the diagnosis of rotator cuff tendinitis, the 
corticosteroid injection will decrease the infl ammation 
and allow accelerated rehabilitation.

Refer to the injection procedure in Chapter 13.

Surgery
Surgery should be considered if the patient fails to im-
prove with a progressive nonoperative therapy program 
of 3 to 6 months. Surgical procedures may include sub-
acromial decompression arthroscopically or, less com-
monly, open. At that time, the surgeon may débride the 
tendon and explore for other pathologic changes.

POTENTIAL DISEASE COMPLICATIONS
The greatest risk in not treating rotator cuff tendinitis is 
rupture or tear of a tendon or the development of a labral 
tear. As previously discussed, with prolonged impairment 
in motion and strength and subtle instability, hooking of 
the acromion can develop. Adhesive capsulitis may de-
velop with chronic pain and decreased shoulder move-
ment as well.

POTENTIAL TREATMENT 
COMPLICATIONS
There are minimal possible complications from non-
operative treatment of rotator cuff tendinitis. Because 
nonsteroidal anti-infl ammatory drugs are used fre-
quently, one must remain vigilant to their potential 
side effects (e.g., gastritis, ulcers, renal impairment, 
bronchospasm). Injections may cause rupture of the 
diseased tendon.
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Rotator Cuff Tear 15
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DEFINITION
The rotator cuff has three main functions in the shoul-
der. It compresses the humeral head into the fossa, in-
creases joint contact pressure, and centers the humeral 
head on the glenoid. Three types of tears can occur to 
the rotator cuff. A full-thickness tear can be massive 
and cause immediate functional impairments. Another 
type of tear, a partial-thickness tear, can be broken 
down into a tear on the superior surface into the sub-
acromial space or a tear on the inferior surface on the 
articular side. As a result of a rotator cuff tear, the hu-
meral head will be displaced superiorly during abduc-
tion because of the unopposed action of the deltoid. 
These tears can be either traumatic or degenerative1-7

(Figs. 15-1 to 15-3).

Traumatic tears occur in the younger population of 
athletes and laborers, whereas degenerative tears occur 
in older individuals. One reason that rotator cuff tears 
are more common in men is because there are more 
male heavy laborers. The incidence of degenerative 
tears is increased for both sexes older than 35 years 
and for those with chronic impingement syndrome, 
repetitive microtrauma, tendon degeneration, and hy-
povascularity.4,6,8

SYMPTOMS
Symptoms are similar to those of rotator cuff tendinitis. 
Pain is referred to the lateral triceps and sometimes 
more globally in the shoulder. There is often coexisting 
infl ammation, and the pain quality is dull and achy. 

Weakness occurs because of the pain, which is caused 
by the impaired motion or the tear itself. Persons have 
diffi culty with overhead activities. Patients may report 
pain at night in a side-lying position.

PHYSICAL EXAMINATION
Examination is essentially the same as for rotator cuff 
tendinitis. The most common physical fi ndings of a 
tear are supraspinatus weakness, external rotator weak-
ness, and impingement. The arm drop test may dem-
onstrate greater weakness than expected from an in-
fl amed, intact tendon, although one can be easily 
fooled. As with rotator cuff tendinitis, an anesthetic 
injection into the subacromial space may help discern 
tear. Even though the pain may be improved or re-
solved from the injection, resisted abduction will be 
just as weak because the torn tendon cannot withstand 
the stress.9

Remember to examine the cervical spine to avoid miss-
ing underlying pathologic changes. A rotator cuff tear 
develops in some individuals as a result of a radiculopa-
thy or other nerve impairment. The dysfunction of the 
shoulder from a radiculopathy or suprascapular neu-
ropathy results in weakness of the rotator cuff or the 
scapular stabilizers. This dysrhythmia causes impinge-
ment of the tendons with other structures and eventu-
ally leads to fraying and tearing.10-12

FUNCTIONAL LIMITATIONS
The greatest limitation that patients complain of is per-
forming overhead activities.2,7,13-15

Patients with rotator cuff tendinitis complain of diffi -
culty with overhead activities (e.g., throwing a baseball, 
painting a ceiling), greatest above 90 degrees of abduc-
tion, secondary to pain or weakness. Internal and exter-
nal rotation may be compromised and may affect daily 
self-care activities. Women typically have diffi culty 
hooking the bra in back. Work activities, such as fi ling, 
hammering overhead, and lifting, will be affected. The 
patient can be awaken by pain in the shoulder, which 
impairs his or her sleep.

Synonyms
Shoulder tear
Torn shoulder

ICD-9 Codes
726.10 Rotator cuff syndrome
727.61 Nontraumatic complete rupture of rotator cuff
840.4  Rotator cuff sprain
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DIAGNOSTIC STUDIES
The diagnosis of a rotator cuff tear depends mostly on 
the history and physical examination. However, imag-
ing studies may be used to confi rm the clinician’s di-
agnosis and to eliminate other possible pathologic 
processes.

Radiographs are often obtained to rule out any osseous 
problem. A tear can be inferred if there is evidence of 
humeral head upward migration or sclerotic changes at 
the greater tuberosity where the tendons insert. Radio-
graphs are helpful with active 90-degree abduction 
showing a decreased acromiohumeral distance second-
ary to absence of the supraspinatus and unopposed 
action of the deltoid.

Magnetic resonance imaging (MRI) of the shoulder is 
the “gold standard.”16 Computed tomographic scans 
show osseous structures better but are less effective at 

Rotator
cuff

Biceps

Supraspinatus
muscle

Anterior view

Subscapularis
muscle

FIGURE 15-1. Muscles of the rotator cuff, posterior (top) and anterior 
(bottom) views. (Reprinted with permission from Snider RK. Essentials of 
Musculoskeletal Care. Rosemont, Ill, American Academy of Orthopaedic 
Surgeons, 1997.)

Supraspinatus muscle 

Posterior view 

Infraspinatus muscle 

Deltoid muscle 

Teres minor muscle 

FIGURE 15-2. Rotator cuff tear with extension of contrast material 
into the subacromial (short arrow) and subdeltoid (long arrow) bursae. 
(Reprinted with permission from West SG. Rheumatology Secrets. 
Philadelphia, Hanley & Belfus, 1997:373.)

A

a

B

FIGURE 15-3. A, Normal shoulder MRI. The supraspinatus tendon is 
uniformly low signal and continuous (arrows). The space between the 
humeral head and the acromion (a) is maintained. B, Chronic rotator 
cuff tear. The supraspinatus tendon is completely torn and retracted to 
the level of the glenohumeral joint (arrow), where it is surrounded by 
fl uid. Note the high-riding humeral head, close to the acromion. This is 
due to the atrophy of the cuff muscles associated with chronic tendon 
tears.
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demonstrating a soft tissue injury. By evaluation of the 
amount of retraction, the clinician is also better able to 
predict the course of recovery.

As in the evaluation of a person with rotator cuff tendi-
nitis, an anesthetic injection can be performed to dif-
ferentiate a tear from tendinitis.

Shoulder arthrography is performed less often since 
the advent of MRI. Arthrography involves injection of 
contrast material into the glenohumeral joint followed 
by plain radiography. Dye should remain contained in 
the joint space. If it extravasates, this signifi es a tear. 
Partial-thickness rotator cuff tears can be missed, espe-
cially tears on the superior surface. Some centers have 
been combining gadolinium dye injections with MRI. 
This is used mostly to identify a labral tear, not a rota-
tor cuff tear.

Ultrasound imaging can also be used in the diagnosis 
of full-thickness rotator cuff tears.17 Ultrasonography 
is becoming more popular in the United States, and it 
can be a very helpful study when it is performed in 
centers with clinicians who have experience in muscu-
loskeletal ultrasound imaging. It is now believed that 
ultrasonography is as accurate as MRI in the diagnosis 
of supraspinatus tendon tears. Full-thickness tears ap-
pear hypoechoic or anechoic where fl uid has replaced 
the area of torn tendon. Manual compression will be 
able to displace the fl uid. In an area of torn tendon 
without fl uid, compression will show the “sagging 
peribursal fat” sign.4,6,8,9,12,13,18,19

Diagnostic arthroscopy is done in some instances but is 
not generally necessary.

TREATMENT
Initial
Initial treatment of a rotator cuff tear is similar to that 
of rotator cuff tendinitis as previously discussed (see 
Chapter 14). However, if the symptoms do not re-
spond to a rehabilitation program, the clinician should 
consider surgical consultation earlier in the course of 
injury.

Rehabilitation
Because of the interrelationship of instability and im-
pingement previously discussed, there is a great deal of 
overlap in the rehabilitation of these shoulder prob-
lems. Treatment must be individualized and based on 
the restoration of optimal function, not merely based on 
surgical correction of anatomic changes. Supervised 
physical therapy is the mainstay of treatment and is suc-
cessful in most patients.

The basic phases of rehabilitation include the follow-
ing12: pain control and reduction of infl ammation; resto-
ration of normal shoulder motion, both scapulothoracic 
and glenohumeral; normalization of strength and dy-
namic joint stabilization; proprioception and dynamic 
joint stabilization; and sport-specifi c training. The reha-
bilitation phases may overlap and can be progressed as 
rapidly as tolerated, but all should be performed to speed 
recovery and to prevent reinjury.

Pain Control and Reduction of Infl ammation

Initially, pain control and infl ammation reduction are 
required to allow progression of healing and the initia-
tion of an active rehabilitation program. These can be 
accomplished with a combination of relative rest, icing 
(20 minutes, three or four times a day), electrical stimula-
tion, and acetaminophen or a nonsteroidal anti-infl am-
matory drug. The next section’s rehabilitation program 
can be added as tolerated by the patient. Having the pa-
tient sleep with a pillow between the trunk and the arm 
will decrease the tension on the supraspinatus tendon 
and prevent compromise of blood fl ow in its watershed 
region.

Restoration of Shoulder Range of Motion

As with all musculoskeletal disorders, the entire body 
must be taken into consideration. Abnormalities in the 
kinetic chain can also affect the shoulder. If there are 
restrictions or limitations in range of motion or strength, 
the forces will be transmitted to other portions of the 
kinetic chain, resulting in an overload of those tissues 
and possibly injury.

After the pain has been managed, restoration of motion 
can be initiated. The use of Codman pendulum exer-
cises, wall walking, stick or towel exercises, or a physical 
therapy program is benefi cial in attaining full pain-free 
range. It is important to address any posterior capsular 
tightness because this can cause anterior and superior 
humeral head migration, resulting in impingement. A 
tight posterior capsule and the imbalance it causes force 
the humeral head anteriorly, producing shearing of the 

Differential Diagnosis

Non-neurologic
Rotator cuff tendinitis

Glenolabral tear

Acromioclavicular sprain

Occult fracture

Osteoarthritis

Rheumatoid arthritis

Adhesive capsulitis

Myofascial pain syndrome

Myofascial thoracic outlet syndrome

Neurologic
Cervical radiculopathy

Brachial plexopathy

Suprascapular neuropathy

Neurogenic (true) thoracic outlet syndrome
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anterior labrum and causing an additional injury. 
Stretching of the posterior capsule is a diffi cult task. The 
horizontal adduction that is usually performed tends to 
stretch the scapular stabilizers rather than the posterior 
capsule. If care is taken to fi x and to stabilize the scapula 
and therefore to prevent the stretching of the scapulo-
thoracic stabilizers, stretching of the posterior capsule 
can be achieved. The focus of treatment in this early 
stage should be on improving range and fl exibility of 
the posterior capsule, improving postural biomechan-
ics, and restoring normal scapular motion.

Initially, ultrasound to the posterior capsule followed 
by gentle, passive prolonged stretch may be needed. The 
use of ultrasound should be closely monitored to pre-
vent heating of an infl amed tendon, which will worsen 
the injury.

Postural biomechanics are important because with 
poor posture (e.g., excessive thoracic kyphosis and pro-
tracted shoulders), there is increased outlet narrowing, 
resulting in greater risk for rotator cuff impingement. 
Restoration of normal scapular motion is also essential 
because the scapula is the platform on which the gleno-
humeral joint rotates.20,21 Thus, an unstable scapula can 
secondarily cause glenohumeral joint instability and 
resultant impingement. Scapular stabilization includes 
exercises such as wall pushups and biofeedback (visual 
and tactile).

Strengthening

The third phase of treatment is strengthening, and it 
should be performed in a pain-free range. Strengthening 
should begin with the scapulothoracic stabilizers and 
the use of shoulder shrugs, rowing, and pushups, which 
will isolate these muscles and help return smooth mo-
tion, allowing normal rhythm between the scapula and 
the glenohumeral joint. This will also provide a fi rm 
base of support on which the arm can move. Attention 
should then be turned toward strengthening of the rota-
tor cuff muscles. Positioning of the arm at 45 and 
90 degrees of abduction for exercises prevents the 
“wringing out” phenomenon that hyperadduction can 
cause by stressing the tenuous blood supply to the 
tendon of the exercising muscle. The “thumbs-down” 
position with the arm in greater than 90 degrees of ab-
duction and internal rotation should also be avoided to 
minimize subacromial impingement. After the scapular 
stabilizers and rotator cuff muscles are rehabilitated, the 
prime movers should be addressed to prevent further 
injury and to facilitate return to prior function.

There are many ways by which to strengthen muscles. 
The rehabilitation program should start with static con-
tractions and co-contractions, progress to concentric ex-
ercises, and be completed with eccentric exercises and 
endurance training. The BodyBlade can be used for co-
contraction in multiple planes and positions for rhyth-
mic stabilization. There are many techniques to strengthen 
muscles, including static and dynamic exercises. A ther-
apy prescription should include the number of repeti-
tions, the number of sets of repetitions, and the intensity 
at which the specifi c exercise should be performed. When 

strength is restored, a maintenance program should be 
continued for fi tness and prevention of reinjury.

Proprioception

The fourth phase is proprioceptive training. This is im-
portant to retrain the neurologic control of the strength-
ened muscles in providing improved dynamic interaction 
and coupled execution of tasks for harmonious move-
ment of the shoulder and arm. Tasks should begin with 
closed kinetic chain exercises to provide joint stabilizing 
forces. As the muscles are reeducated, exercises can pro-
gress to open chain activities that may be used in specifi c 
sports or tasks. Exercises such as those using the Body-
Blade or plyometrics will also address proprioception. In 
addition, proprioceptive neuromuscular facilitation is 
designed to stimulate muscle-tendon stretch receptors for 
reeducation. Kabat22 has described shoulder propriocep-
tive neuromuscular facilitation techniques in detail.

Task or Sport Specifi c

The last phase of rehabilitation is to return to task- or 
sport-specifi c activities. This is an advanced form of 
training for the muscles to relearn prior activities. This 
is important and should be supervised so that the task 
performed is correct and to eliminate the possibility 
of reinjury or injury in another part of the kinetic 
chain from improper technique. The rehabilitation 
begins at a cognitive level but must be practiced so 
that it ultimately becomes part of unconscious motor 
programming.

Procedures
Subacromial injections of anesthetic and corticosteroid 
may be both diagnostic and therapeutic (see Chapter 14).

Surgery
If the patient’s condition has not progressed with a con-
servative rehabilitation after 2 to 3 months, a surgical 
consultation should be considered. If the patient is un-
able to perform all the activities he or she demands 
(vocationally and avocationally) after 6 months of treat-
ment and independent exercise performance, a surgical 
consultation should be obtained. If the patient is a 
high-level athlete or worker, earlier consultation may be 
appropriate. The population of younger patients is 
more amenable to surgical intervention.6,8

If surgery is contemplated, repair, débridement, decom-
pression, or a combination of these may be considered. 
A concomitant injury should be considered, such as a 
labral tear. The detail of these surgical procedures is 
beyond the scope of this text.

POTENTIAL DISEASE COMPLICATIONS
Partial rotator cuff tears can progress to full-thickness 
tears, especially if untreated. Rehabilitation attempts 
to restore biomechanics close to normal to prevent 
excessive wear on the tendon, which can cause further 
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degeneration. Chronic untreated rotator cuff tears can 
lead to shoulder arthropathy.6,11

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. There are mini-
mal disadvantages to coordinating a rehabilitation pro-
gram that may improve the patient’s symptoms to a 
level at which the patient is satisfi ed and functional. 
However, an overly aggressive program can progress a 
partial tear to a complete tear. As for surgery, in general, 
the potential problems include bleeding, infection, 
worsening of the complaints, and nerve injury.
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DEFINITION
Scapular winging refers to prominence of the vertebral 
(medial) border of the scapula.1 The inferomedial bor-
der can also be rotated or displaced away from the 
chest wall. This well-defi ned medical sign was fi rst de-
scribed by Velpeau2 in 1837. It is associated with a wide 
array of medical conditions or injuries that typically 
result in dysfunction of the scapular stabilizers and 
rotators and, ultimately, glenohumeral and scapulo-
thoracic biomechanics.

Fiddian and King1 classifi ed scapular winging as either 
static or dynamic after examination of 25 patients with 
23 different causes of scapular winging. Static winging 
is attributable to a fi xed deformity in the shoulder gir-
dle, spine, or ribs; it is characteristically present with the 
patient’s arms at the sides. Dynamic winging is ascribed 
to a neuromuscular disorder; it is produced by active or 
resisted movement and is usually absent at rest. Scapu-
lar winging has also been classifi ed anatomically ac-
cording to whether the etiology of the lesion is related 
to nerve, muscle, bone, or joint disease (Table 16-1).

The scapula is a triangular bone that is completely sur-
rounded by muscles and attaches to the clavicle by the 
coracoclavicular ligaments and acromioclavicular joint 

capsule. Motion of the scapula along the chest wall oc-
curs through the action of the muscle groups that 
originate or insert on the scapula and proximal hu-
merus. These muscles include the rhomboids (major 
and minor), trapezius, serratus anterior, levator scapu-
lae, and pectoralis minor. The rotator cuff and deltoid 
muscles are involved with glenohumeral motion. In-
nervation of these muscle groups includes all the roots 
of the brachial plexus and several peripheral nerves. 
Scapular winging may be caused by brachial plexus in-
juries but most often is related to a peripheral nerve 
injury (see Table 16-1). 

Injury to the long thoracic and spinal accessory nerves 
with weakness of the serratus anterior and trapezius 
muscles, respectively, is most commonly associated 
with scapular winging. The serratus anterior muscle 
originates on the outer surface and superior border of 
the upper eight or nine ribs and inserts on the costal 
surface of the medial border of the scapula. It abducts 
the scapula and rotates it so the glenoid cavity faces 
cranially and holds the medial border of the scapula 
against the thorax.

The serratus anterior muscle is innervated by the pure 
motor long thoracic nerve, which arises from the ventral 
rami of the fi fth, sixth, and seventh cervical roots. The 
nerve passes through the scalenus medius muscle, be-
neath the brachial plexus and the clavicle, and over the 
fi rst rib. It then runs superfi cially along the lateral aspect 
of the chest wall to supply all the digitations of the ser-
ratus anterior muscles.34 Because of its long and super-
fi cial course, the long thoracic nerve is susceptible to 
both traumatic and nontraumatic injuries (Fig. 16-1).

The trapezius muscle consists of upper, middle, and 
lower fi bers. The upper fi bers originate from the exter-
nal occipital protuberance, superior nuchal line, nuchal 
ligament, and spinous process of the seventh cervical 
vertebra and insert on the lateral clavicle and acromion. 
The middle fi bers arise from the spinous process of the 
fi rst through fi fth thoracic vertebrae and insert on the 
superior lip of the scapular spine. The lower fi bers 
originate from the spinous process of the sixth through 
twelfth thoracic vertebrae and insert on the apex of the 
scapular spine. They are innervated by the pure motor 
spinal accessory nerve (cranial nerve XI) and afferent 

Synonyms
Scapulothoracic winging
Long thoracic nerve palsy
Spinal accessory nerve palsy
Scapula alata
Alar scapula
Rucksack palsy

ICD-9 Codes
352.4  Spinal accessory nerve disorder
353.3  Neuropathy long thoracic
353.5  Neuralgic amyotrophy
354.9  Mononeuritis of upper limb, unspecifi ed
723.4  Cervical radiculopathy NOS
724.4  Long thoracic nerve entrapment
728.87 Muscle weakness NOS

Scapular Winging 16
 Peter M. McIntosh, MD
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fi bers from the second through fourth cervical spinal 
nerves. The root fi bers unite to form a common trunk 
that ascends to enter the intracranial cavity through the 
foramen magnum. It exits with the vagus nerve through 
the jugular foramen, pierces the sternocleidomastoid 
muscle, and descends obliquely across the fl oor of the 
posterior triangle of the neck to the trapezius muscle.34

In the posterior triangle, the nerve lies superfi cially, cov-
ered only by fascia and skin, and is susceptible to injury. 
Cadaver studies have shown considerable variations in 
the course and distribution of the spinal accessory nerve 
in the posterior triangle and in the nerve’s relationship 
to the borders of the sternocleidomastoid and trapezius 
muscles.35 The trapezius muscle adducts the scapula 
(middle fi bers), rotates the glenoid cavity upward (up-
per and lower fi bers), and elevates and depresses the 
scapula. Overall, the trapezius muscles maintain effi -
cient shoulder function by both supporting the shoul-
der and stabilizing the scapulae (Fig. 16-2).

A rare cause of scapular winging is dorsal scapular 
nerve palsy. The dorsal scapular nerve is a pure motor 
nerve from the fi fth cervical spinal nerve that supplies 
the rhomboid and levator scapulae muscles. It arises 
above the upper trunk of the brachial plexus and 
passes through the middle scalene muscle on its way 
to the levator scapulae and rhomboids. The rh omboids 
(major and minor) adduct and elevate the scapula 
and rotate it so the glenoid cavity faces caudally.

The levator scapulae muscles originate on the transverse 
process of the fi rst four cervical vertebrae and insert on 
the medial borders of the scapulae between the superior 
angle and the root of the spine. They elevate the scapu-
lae and assist in rotation of the glenoid cavity caudally. 
They are innervated by the dorsal scapular nerve (ema-
nating from the fi fth cervical spinal nerve) and the cervi-
cal plexus (emanating from the third and fourth cervical 
spinal nerves) (Fig. 16-3).

TABLE 16-1 Etiology of Scapular Winging

Characteristic Nerve Muscle Bone Joint

Site of lesion LTN
SAN
DSN3

C5-7 nerve root lesion4,5

Brachial plexus lesion6

SA
T
R

Scapula
Clavicle
Spine
Ribs

GHJ
ACJ

Traumatic Acute, repetitive, or chronic 
compression of LTN, SAN, DSN

Trauma or traction injury to LTN, 
nerve roots, brachial plexus7

Whiplash injury8

Direct muscle injury to 
SA, T, R3,9,10

Avulsion of SA, T, R11

RTC disease
Sports-related injury12-16

Nonunion
Malunion
Fractures of scapula,17

clavicle, acromion

Glenoid fracture
ACJ dislocation
Shoulder instability

Congenital, 
hereditary

Cerebral palsy Congenital contracture of 
infraspinatus muscle18

Agenesis of SA, T, R
Duchenne muscular dystrophy
FSHD19-21

Fibrous bands (deltoid)

Scoliosis
Craniocleidodysostosis
Ollier disease
Sprengel deformity

Arthrogryposis multi-
plex congenita

Congenital posterior 
shoulder dislocation

Degenerative, 
infl ammatory

SLE22

Neuritis
Amyotrophic brachial neuralgia3

Toxin exposure
Infection
Myositis

Abduction-
internal rotation 
contracture23 from 
AVN of humeral head

Arthropathy

Iatrogenic Epidural or general anesthesia24

Radical neck dissection25

Lymph node biopsy
First rib resection26

Radical mastectomy
Posterolateral thoracotomy incision
Axillary node dissection

Postinjection fi brosis (deltoid)
Division of SA

Miscellaneous Vaginal delivery27

Cervical syringomyelia28

Chiropractic manipulation
Electrocution29

Scapulothoracic bursa
Enchondroma
Subscapular osteo-

chondroma30-32

Exostoses of rib or 
scapula33

Voluntary posterior 
shoulder subluxation

ACJ, acromioclavicular joint; AVN, avascular necrosis; DSN, dorsal scapular nerve; FSHD, facioscapulohumeral muscular dystrophy; GHJ, glenohumeral joint; LTN, 
long thoracic nerve; R, rhomboid muscles; RTC, rotator cuff muscles; SA, serratus anterior muscle; SAN, spinal accessory nerve; SLE, systemic lupus erythematosus; 
T, trapezius muscle.
With permission from Fiddian NJ, King RJ. The winged scapula. Clin Orthop Relat Res 1984;185:228-236.
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SYMPTOMS
A patient’s presenting symptoms depend on the type 
and chronicity of the injury. Most patients, however, 
complain of upper back or shoulder pain, muscle fa-
tigue, and weakness with use of the shoulder. The diag-
nosis of scapular winging is made clinically. A pain 
profi le should be obtained, including onset and dura-
tion of pain, location, severity, and quality as well as 
exacerbating and relieving factors, not only to provide 
baseline information but also to help develop a differ-
ential diagnosis. The patient should also be questioned 
about hand dominance because the dominant shoulder 
is usually more muscular but sits lower than the non-
dominant shoulder. Knowledge of the patient’s age, oc-
cupation and hobbies, and current and previous level of 
functioning may also contribute to the diagnosis and 
treatment plan. The mechanism of injury in patients 
with traumatic palsy is important, as are associated fi nd-
ings including muscle spasm, paresthesia, and muscle 
wasting or weakness.36,37 The scapular winging of long 
thoracic neuropathy and serratus anterior muscle weak-
ness must be distinguished from that of a spinal acces-
sory neuropathy and trapezius muscle weakness. Serra-
tus anterior muscle dysfunction is the most common 
cause of scapular winging. Typically, patients complain 
of a dull aching pain in the shoulder and periscapular 
region. The periscapular pain may be related to spasm 
from unopposed contraction of the other scapular sta-
bilizers in the presence of serratus anterior muscle 
weakness. There may be “clicking” or “popping” noise 
emanating from the periscapular area when the pa-
tient moves, which is made worse with stressful upper 

FIGURE 16-1. Anterolateral view of the right upper chest and shoulder 
showing the course of the long thoracic nerve and innervation of the 
serratus anterior muscles. Note the superfi cial location of the long tho-
racic nerve. (Reprinted with permission of Mayo Foundation for Medical 
Education and Research. © Mayo Foundation, 2007.)

Sternocleidomastoid
muscle

Trapezius muscle

Spinal accessory
nerve

FIGURE 16-2. Lateral view of the neck showing the course of the spinal 
accessory nerve and innervation of the trapezius muscle. (Reprinted with 
permission of Mayo Foundation for Medical Education and Research. 
© Mayo Foundation, 2007.)

Levator scapulae

Rhomboid minor

Rhomboid
major

Trapezius
upper

Trapezius
middle

Trapezius
lower

FIGURE 16-3. View of upper back showing origins and insertions of 
rhomboid, levator scapulae, and trapezius muscles. (Reprinted with 
permission of Mayo Foundation for Medical Education and Research. 
© Mayo Foundation, 2007.)
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extremity activities.36 Because the serratus anterior mus-
cle rotates the scapula forward as the arm is abducted or 
forward fl exed above the shoulder level, these move-
ments are affected. Shoulder fatigue and weakness are 
related to loss of scapular rotation and stabilization.

A cosmetic deformity may occur in the upper back as a 
result of the winged scapula. It may be apparent at rest 
but usually is more obvious on raising of the arm. Pa-
tients may fi nd it diffi cult to sit for prolonged periods 
with the back resting against a hard surface, such as 
driving for long periods.

With trapezius muscle weakness, the affected shoulder 
is depressed, and the inferior scapular border rotates 
laterally, which makes prolonged use of the arm painful 
and tiresome. Patients often complain of a dull ache 
around the shoulder girdle and diffi culty with overhead 
activities and heavy lifting, especially with shoulder 
abduction greater than 90 degrees.37

PHYSICAL EXAMINATION
The patient should be suitably undressed so that the 
examiner can observe, both front and back, the normal 
bone and soft tissue contours of both shoulders and 
scapulae for symmetry and their relationship to the tho-
rax. The patient’s overall posture is assessed, as are the 
presence of muscle spasm and trapezius or rhomboid 
muscle atrophy. Scapulothoracic motion is examined 
with both passive and active range of motion activities 
of the shoulder.38

With long thoracic neuropathy and serratus anterior 
muscle weakness, the cardinal sign is winging of the 
scapula, in which the vertebral border of the scapula 
moves away from the posterior chest wall and the infe-
rior angle is rotated toward midline.38 This scapular 
winging may be visible with the patient standing nor-
mally, but if the weakness is mild, it may be visible only 
when the patient extends the arm and pushes against a 
wall in a pushup position (Fig. 16-4).

Spinal accessory neuropathy and trapezius muscle weak-
ness are usually accompanied by an asymmetric neckline 
with noticeable shoulder droop when the patient’s arms 
are unsupported at the sides. On the affected side, deep-
ening of the supraclavicular fossa is evident and shoul-
der shrug is diffi cult. With shoulder elevation, the scap-
ula is displaced laterally, rotating downward and outward. 
There is usually diffi culty with shoulder abduction above 
90 degrees, more so than with forward fl exion. Weakness 
with attempted shoulder elevation against resistance is 
characteristic. Normal muscle testing can elicit weakness 
in the trapezius muscle (Fig. 16-5).37

With weakness of the rhomboids, winging of the scap-
ula is minimal. The wing is best demonstrated by slowly 
lowering the arms from a forward elevated position. 
Atrophy of the rhomboids may be present. The scapula 
is displaced downward and laterally.39

A complete neurologic and musculoskeletal examination, 
with manual muscle strength testing and sensory and 

FIGURE 16-4. Winging of the right scapula with forward fl exion of the 
extended arms due to injury of the long thoracic nerve. Note the upward 
displacement of the scapula with prominence of the vertebral border 
and medial displacement of the inferior angle. (Reprinted with permis-
sion of Mayo Foundation for Medical Education and Research. © Mayo 
Foundation, 2007.)

FIGURE 16-5. Right trapezius palsy. The neckline is asymmetric, the 
shoulder droops, the scapula is translated laterally, and the glenoid la-
brum is rotated downward. (Reprinted with permission of Mayo Founda-
tion for Medical Education and Research. © Mayo Foundation, 2007.)
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refl ex testing, should be completed to rule out underlying 
neuromuscular disease processes. In addition, thorough 
examination of the neck and shoulder with provocative 
maneuvers should be completed to rule out additional 
musculoskeletal sources of scapular winging.

FUNCTIONAL LIMITATIONS
Functional limitations depend not only on the cause of 
the scapular winging but also on the severity of weakness 
and pain. Diffi culty with activities of daily living may be 
evident as a result of pain, weakness, and altered scapu-
lothoracic and glenohumeral motion. Especially affected 
are activities that require arm elevation above the level of 
the shoulder (e.g., brushing hair or teeth or shaving). 
Recreational and vocational activities such as golf, tennis, 
and volleyball that entail working or reaching overhead 
may be affected. Chronic shoulder pain and dysfunction 
can lead to depression and anxiety, irritability, concentra-
tion diffi culties, lack of sleep, and chronic fatigue. Over-
use of the shoulder and scapular stabilizer muscles can 
lead to myofascial pain syndromes.

DIAGNOSTIC STUDIES
Plain radiography of the shoulder, cervical spine, chest, 
and scapulae is recommended as part of the initial 
evaluation for scapular winging, especially if the cause 
is not obvious. Plain radiography can help rule out 
other causes of scapular winging, such as subscapular 
osteochondroma, avulsion fracture of the scapula, or 
other primary shoulder and cervical spine disease. With 
radiographs of the scapula, oblique views are recom-
mended because osteochondroma may be hidden on 
anteroposterior views.40,41

Computed tomography and magnetic resonance imag-
ing are usually not necessary unless the coexistence of 
other disease processes is suspected. The patient’s pre-
sentation and examination fi ndings are pivotal in decid-
ing whether advanced imaging is necessary.

Electrodiagnostic studies, namely, electromyography 
and nerve conduction studies, are valuable tools clini-
cally to aid in the evaluation of scapular winging. They 
can assist in localizing injury and disease of peripheral 
nerves or muscles related to scapular function. These 
studies can help evaluate patients with abnormal scapu-
lothoracic motion but in whom it cannot be clearly 
established clinically whether the weakness lies in a 
particular muscle or in the actions of other muscles act-
ing on the scapula.

Serial electromyographic and nerve conduction studies 
have been used to follow recovery in patients with iso-
lated long thoracic or spinal accessory nerve palsies and 
to help in decisions of whether to undertake nerve ex-
ploration or muscle transfer.36,37 However, caution has 
been advised in the use of needle electromyographic 
fi ndings to predict the prognosis and to guide the timing 
of surgical repair.42 Long thoracic and spinal accessory 
neuropathies may be associated with a good prognosis, 
irrespective of needle electromyographic fi ndings.

TREATMENT
In most patients, scapular winging is a result of neura-
praxic injuries. Fortunately, these types of injuries usually 
resolve spontaneously within 6 to 9 months after trau-
matic injury and within 2 years after nontraumatic inju-
ries. In one study,42 traumatic long thoracic and spinal 
accessory nerve injuries were associated with a poor prog-
nosis compared with nontraumatic neuropathies. Once 
the diagnosis is made, conservative treatment should be 
initiated. Some clinicians have recommended a trial of 
conservative treatment for at least 12 to 24 months to 
allow adequate time for nerve recovery.36-38,41

Initial
Pain control may be achieved early with use of an analge-
sic or an anti-infl ammatory medication. Activity modifi -
cation is recommended. The patient should avoid pre-
cipitating activities and strenuous use of the involved 
extremity. Physical modalities, such as ice massage, super-
fi cial moist heat, and ultrasound, can be applied to help 
with pain control. Ice massage may additionally help 
control swelling and relieve associated muscle spasm.

Immobilization should be a part of the initial manage-
ment to prevent overstretching of the weakened muscle. 
This can be accomplished with the use of a sling to rest 
the arm initially.38

Long-term use of scapular winging shoulder braces to 
maintain the position of the scapula against the thorax 

Differential Diagnosis 43

Rotator cuff disease

Shoulder impingement syndromes

Glenohumeral instability (especially posterior 
instability)

Acromioclavicular joint disease

Shoulder arthritis

Adhesive capsulitis

Bicipital tendinitis

Cervical radiculopathy (especially C5-7)

Suprascapular nerve entrapment

Myofascial pain syndromes

Scoliosis (associated rib deformities can cause 
asymptomatic scapular winging on convex side of 
curve)41

Sprengel deformity (congenital deformity of shoul-
der with high-riding and downward-rotated scapula, 
often confused with scapular winging)41

Fracture or malunion of clavicle and acromion

Tumors of shoulder girdle, lung, or spine
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is controversial. Various shoulder braces and orthotics 
have been used with mixed results. Some authors14,44

recommend against use of shoulder braces because they 
are cumbersome, poorly tolerated, and ineffective. Oth-
ers have advocated their use to protect against muscle 
overstretching and scapulothoracic overuse.45-47

Rehabilitation
Specifi c treatment varies, depending on the etiology of 
the scapular winging. In general, range of motion exer-
cises should be initiated early to prevent contractures or 
adhesive capsulitis, especially if the affected extremity is 
immobilized.

A stretching and strengthening exercise program can be 
undertaken after pain control is achieved. Stretching the 
scapular stabilizers and shoulder capsules without over-
stretching the weakened muscle is important and should 
be supervised by a physical therapist. The scapular sta-
bilizer, cervical muscles, and rotator cuff muscle should 
be strengthened, especially the affected muscle groups. 
Neuromuscular electrical stimulation may be used to 
prevent muscle atrophy. Functional glenohumeral and 
scapulothoracic muscle patterns must be relearned. Pro-
gression to an independent structured home exercise 
program is recommended, but the patient should fi rst 
be able to perform the exercises appropriately under 
supervision of a physical therapist.

Procedures
Localized injections are not routinely administered for 
isolated scapular winging. Injection therapy may be in-
dicated for other coexisting shoulder disease to help 
with pain control.

Surgery
Conservative treatment has been recommended for a 
prolonged period (12 to 24 months) to allow adequate 
time for recovery before surgical options are consid-
ered.36-38,41 Surgery should be considered for patients 
who do not recover in this time. In patients with pene-
trating trauma in which the nerve may have been in-
jured, spontaneous recovery is less likely, and early 
nerve exploration with neurolysis, direct nerve repair, or 
nerve grafting may be indicated.

Surgery may also be indicated if scapular winging ap-
pears to have been caused by a surgically treatable lesion 
(e.g., a subscapular osteochondroma) and the patient is 
symptomatic or has a cosmetic disfi gurement. In gen-
eral, surgical options are many but can be divided into 
two categories: static stabilization procedures and dy-
namic muscle transfers.

Static stabilization procedures involve scapulothoracic fu-
sion and scapulothoracic arthrodesis in which the scapula 
is fused to the thorax. These procedures may be effective 
in cases of generalized weakness (e.g., facioscapulo-
humeral muscular dystrophy) when the patient has dis-
abling pain and functional loss and no transferable mus-

cles.19,48,49 They can relieve shoulder fatigue and pain and 
allow functional abduction and fl exion of the upper ex-
tremity.20,21 Static stabilization procedures have fallen out 
of favor for scapular winging related to isolated muscle 
weakness because the results deteriorate over time with 
recurrence of winging. The usual incidence of complica-
tions associated with some of these procedures is high.49

Dynamic muscle transfers have shown better results for 
correction of scapular winging and restoration of func-
tion. Several different muscles have been used in various 
muscle transfer techniques to provide dynamic control of 
the scapula and to improve scapulothoracic and gleno-
humeral motion. Transfer of the sternal head of the pec-
toralis major muscle to the inferior angle of the scapula 
with fascia lata autograft reinforcement is the preferred 
method of treatment for scapular winging related to long 
thoracic nerve injury.44,47 The surgical procedure of choice 
for scapular winging related to chronic trapezius muscle 
dysfunction involves the lateral transfer of the insertions 
of the levator scapulae and the rhomboid major and mi-
nor muscles. This procedure enables the muscles to sup-
port the shoulder girdle and to stabilize the scapula.37

POTENTIAL DISEASE COMPLICATIONS
Disease complications are usually related to scapulo-
thoracic dysfunction as a result of scapular winging. 
This can contribute to glenohumeral instability and 
subsequent shoulder range of motion and functional 
defi cits, as well as chronic periscapular, upper back, and 
shoulder pain. Secondary impingement syndromes can 
result from the muscle dysfunction. Adhesive capsulitis 
can occur from loss of shoulder mobility and function. 
Cosmetic deformity is a common result of scapular 
winging, especially if there is a combined serratus ante-
rior and trapezius muscle weakness.

POTENTIAL TREATMENT 
COMPLICATIONS
Pharmacotherapy can lead to treatment complica-
tions. Nonsteroidal anti-infl ammatory drugs have 
well-documented adverse effects that most commonly 
involve the gastrointestinal system. Analgesics may 
have adverse effects that predominantly involve the 
hepatorenal system. These complications can be mini-
mized by having a working knowledge of the patient’s 
ongoing medical problems, current medications, and 
potential drug interactions.

Local injections may cause allergic reactions, infection 
at the injection site, and, rarely, sepsis. Tendon rupture 
is a potential complication if inadvertent injection into 
a tendon occurs.

Surgical complications are numerous and include a large, 
cosmetically unpleasant incision over the shoulder and 
upper back, postoperative musculoskeletal deformities 
(e.g., scoliosis), infection, pulmonary complications 
(e.g., pneumothorax and hemothorax), hardware failure, 
pseudoarthrosis, recurrent winging, and persistent pain.
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DEFINITION
Osteoarthritis of the glenohumeral joint occurs when 
there is loss of articular cartilage that results in narrow-
ing of the joint space (Fig. 17-1). Synovitis and osteocar-
tilaginous loose bodies are commonly associated with 
glenohumeral arthritis. Pathologic distortion of the ar-
ticular surfaces of the humeral head and glenoid can be 
due to increasing age, overuse, heredity, alcoholism, 
trauma, or disease of bone. This condition is most com-
monly seen beyond the fi fth decade and is more com-
mon in men. Long-standing complete rotator cuff tears, 
multidirectional instability from any cause, lymphoma1

(chronic lymphocytic lymphoma or immunocytoma), 
or prior capsulorrhaphy for anterior instability2 can pre-
dispose one to glenohumeral arthritis. Acute septic ar-
thritis should not be heedlessly ruled out in the face of 
severe osteoarthritis.3 The medical history should in-
clude any history of fracture, dislocation, rotator cuff 
tear, repetitive motion, metabolic disorder, chronic glu-
cocorticoid administration, or prior shoulder surgery.

SYMPTOMS
Symptoms include constant shoulder pain intensifi ed 
by activity and partially relieved with rest. Pain is usu-
ally noted with all shoulder movements. Major restric-
tion of shoulder motion and disuse weakness or pain 
inhibitory weakness are common and potentially pro-
gressive. Adhesive capsulitis may result. The pain is 

typically restricted to the area of the shoulder and may 
be felt around the deltoid region but not typically into 
the forearm. The pain is generally characterized as dull 
and aching but may become sharp at the extremes of 
range of motion. Shoulder pain is typically worse when 
supine and in attempting to sleep on the arthritic side. 
Neurologic symptoms such as numbness and paresthe-
sias should be absent. Pain may interfere with sleep 
and may be worse in the morning or while supine.

PHYSICAL EXAMINATION
Restriction of shoulder range of motion is a major clini-
cal component, especially loss of external rotation and 
abduction. Both active and passive range of motion is 
affected in shoulder arthritis, compared with only active 
motion in rotator cuff tears (passive range is normal in 
rotator cuff injuries unless adhesive capsulitis is present). 
Pain increases when the extremes of the restricted motion 
are reached, and crepitus is common with movement. 
Tenderness may be present over the anterior rotator cuff 
and over the posterior joint line. If acromioclavicular 
joint osteoarthritis is an accompanying problem, the 
acromioclavicular joint may be tender. There may be 
wasting of the muscles surrounding the shoulder because 
of disuse atrophy. Sensation and deep tendon refl exes 
should be normal. Electrodiagnostic medicine consulta-
tion will help rule out idiopathic brachial plexopathy 
(Parsonage-Turner syndrome), cervical radiculopathy, 
and isolated suprascapular, dorsal scapular, or axillary 
neuropathy. In patients with inconsistent physical exami-
nation fi ndings and questionable secondary gain issues, 
the American Shoulder and Elbow Surgeons subjective 
shoulder scale has demonstrated acceptable psychomet-
ric performance for outcomes assessment in patients 
with shoulder instability, rotator cuff disease, and gleno-
humeral arthritis.4

FUNCTIONAL LIMITATIONS
Any activities that require upper extremity strength, 
endurance, and fl exibility can be affected. Most com-
monly, activities that require reaching overhead in exter-
nal rotation are limited. These include activities of daily 

Synonyms
Glenohumeral arthritis
Osteoarthritis
Arthritic frozen shoulder

ICD-9 Codes
715.11 Primary osteoarthritis, shoulder
715.21  Secondary osteoarthritis, shoulder (rotator cuff 

arthropathy)
716.11 Traumatic arthropathy, shoulder
716.91 Arthropathy, unspecifi ed, shoulder

17Shoulder Arthritis

Michael F. Stretanski, DO
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living (such as brushing hair or teeth, donning or doff-
ing upper torso clothes) and activities such as overarm 
throwing or reaching for items overhead. If pain is se-
vere and constant, sleep may be interrupted, sleep-wake 
cycle disruption may occur, and situational reactive de-
pression is not uncommon.

DIAGNOSTIC STUDIES
Routine shoulder radiographs with four views (antero-
posterior internal and external rotation, axillary, and 
scapular Y) are generally suffi cient for evaluating loss of 
articular cartilage and glenohumeral joint space narrow-
ing (Fig. 17-2). Varying degrees may be seen of fl atten-
ing of the humeral head, marginal osteophytes, calcifi c 
tendinitis, subchondral cysts in the humeral head and 
glenoid, sclerotic bone, bone erosion, and humeral 
head migration. Specifi cally, if there is a chronic rotator 
cuff tear that is contributing to the destruction of the 
articular cartilage, the humeral head will be seen press-
ing against the undersurface of the acromion. Associ-
ated acromioclavicular joint arthritis can be seen on the 
anteroposterior view.

Conventional magnetic resonance imaging is the 
“gold standard” to assess soft tissues for rotator cuff 
tear; but when more sensitive evaluation of the la-
brum, capsule, articular cartilage, and glenohumeral 
ligaments is required or when a partial-thickness rota-
tor cuff tear is suspected, magnetic resonance arthrog-
raphy with intra-articular administration of contrast 
material may be required to visualize these subtle 
fi ndings.5 Paralabral cysts (extraneural ganglia), which 
can result with posterior labrocapsular complex tears 
and cause suprascapular nerve compression, may be 
visualized on magnetic resonance imaging.6 Electrodi-
agnostic medicine consultation should be obtained 
for needle electromyography of the suprascapularis 
and subscapularis muscles in such cases. Computed 
tomography may have a unique role in fi nding the 
glenohumeral arthritis risk factor of posterior humeral 
head subluxation relative to the glenoid in the ab-
sence of posterior glenoid erosion,7 and magnetic 
resonance imaging to assess the rotator cuff may be 
indicated.

A rise in popularity of diagnostic ultrasonography in mus-
culoskeletal medicine is undeniable. The modality may 
play a role in full-thickness rotator cuff tear diagnosis in 
experienced hands, but signifi cant interrater reliability has 
been called into question.8,9 This fact and this diagnostic 
tool contribute little to the current glenohumeral joint 
body of knowledge. Additionally, I suggest that any 
woman with shoulder pain recalcitrant to seemingly ap-
propriate treatment be considered for mammography.

FIGURE 17-1. Osteoarthritis of the shoulder.

FIGURE 17-2. Radiograph typical of glenohumeral osteoarthritis.

Differential Diagnosis

Rotator cuff disease

Synovitis

Cervical osteoarthritis

Shoulder instability

Rheumatoid arthritis

Cervical radiculopathy

Labral degeneration and tear

Pseudogout

Charcot joint

Biceps tendon abnormalities

Infection

Fracture of the humerus

Adhesive capsulitis

Parsonage-Turner syndrome

Neoplasms

Leukemic arthritis

Avascular necrosis
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TREATMENT
Initial
Shoulder arthritis is a chronic issue, but acute exacerba-
tions in pain can be managed conservatively. Nonsteroi-
dal anti-infl ammatory drugs or analgesic medications 
can help with pain and enable rehabilitation. Capsaicin 
cream, lidocaine patches, ice, or moist heat may be used 
topically as needed. Gentle stretching exercises help 
keep the range of motion and prevent secondary adhe-
sive capsulitis.

Rehabilitation
The shoulder is a complicated structure composed of 
several joints with both static and dynamic stabilizers 
that tend to function, and fail, as a concerted unit. A 
well-designed rehabilitation program must take this into 
account and treat glenohumeral arthritis within this 
context. The rehabilitative efforts are dedicated to the 
restoration of strength, endurance, and fl exibility of the 
shoulder musculature. Supervised physical or occupa-
tional therapy should focus on the upper thoracic, neck, 
and scapular muscle groups but address the entire upper 
extremity kinetic chain, including the rotator cuff, arm, 
forearm, wrist, and hand. Patients benefi t from aquatic 
therapy and can easily be taught exercises and then tran-
sitioned to an independent pool exercise program that 
they can continue long term. In cases of severe rheuma-
toid arthritis, joint-sparing isometric exercises may 
prevent atrophy and maintain strength of dynamic stabi-
lizers of the shoulder without placing undue stress on 
the remaining articular surfaces. The consensus10 on gle-
nohumeral involvement in rheumatoid arthritis is that 
narrowing of the joint space is a turning point that indi-
cates a risk of rapid joint destruction, and surgical inter-
ventions should be considered before musculoskeletal 
sequelae are too severe to enable adequate recovery.

The success of fl exibility return will be determined by the 
extent of mechanical bone blockade, which in turn is 
determined by the magnitude of glenohumeral incon-
gruous distortion, loose bodies, and osteophyte forma-
tion. Pain control can be assisted with modalities such 
as ultrasound and iontophoresis. Electrical stimulation 
may have a limited role in posterior shoulder strength-
ening in patients with poor posture and “rounded 
shoulders” on examination, but it should not take the 
place of volitional contraction and not be used routinely 
across arthritic joints for obvious reasons of enabling 
passive dependence and counterphysiologic type II mo-
tor unit recruitment. The rehabilitation medicine spe-
cialist may also have a role along the continuum of care 
of the shoulder patient. In caring for arthroplasty pa-
tients, the Neer protocol for postoperative total shoulder 
arthroplasty rehabilitation is widely used and based on 
tradition and the basic science of soft tissue and bone 
healing.11

Procedures
If therapies fail or are impossible because of pain, the 
patient has several treatment options. Periarticular in-
jections may offer some help to control pain of associ-
ated problems, such as subacromial bursitis and rotator 
cuff tendinitis or tendinosis. Intra-articular glenohu-
meral joint injections may also afford some pain relief, 
particularly in the early stages. The accuracy of intra-
articular injections not fl uoroscopically guided is less 
than perfect at 80%; the anterior approach is slightly 
more accurate than the posterior approach at 50%.12

However, injections have not been shown to alter the 
underlying arthritis pathoanatomy (Fig. 17-3). Great 
care should be taken in anticoagulated patients. Visco-
supplementation (hylan G-F 20) is not approved by the 
Food and Drug Administration for the glenohumeral 
joint but may have a role in mild osteoarthritis.

Clavicle 

Acromion

Humerus 

Glenohumeral injection 

Lateral 

Anterior 

FIGURE 17-3. Approximate surface anatomy (insets) and internal anatomic sites for injection of the glenohumeral joint laterally and anteriorly. 
(Reprinted with permission from Lennard TA. Physiatric Procedures in Clinical Practice. Philadelphia, Hanley & Belfus, 1995:17.)
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The initial setup can be identical for either intra-articular 
glenohumeral or subacromial injection. With the patient 
seated with the arm either in the lap or hanging down by 
the side, the internal rotation and gravity pull of the arm 
will open the space, leading to the glenohumeral joint or 
subacromial space. Several approaches have been de-
scribed. Most commonly for a subacromial injection, 
the skin entry point is 1 cm inferior to the acromion, 
and the needle is tracked anteriorly at a lateral to medial 
45-degree angle in the axial plane and slightly superior 
(under the acromion). A 5- to 10-mL mixture of a local 
anesthetic-corticosteroid combination (e.g., 1 mL of 
1% lidocaine mixed with 3 mL of betamethasone 
[Celestone], 6 mg/mL) is then injected. The injectate 
should fl ow with minimal resistance into this potential 
space. If resistance is encountered, the needle should 
be repositioned to avoid intratendinous injection and 
increased risk of tendon rupture. For glenohumeral 
injection, a more inferior and medial approach is used 
(Fig. 17-4).

Postinjection care includes icing of the shoulder for 5 to 
10 minutes immediately and then for 15 to 20 minutes 
two or three times a day during the next 24 to 48 hours. 
Patients are cautioned to avoid aggressive activities for the 
fi rst few days after the injection. If the adhesive capsulitis 
component is specifi cally being treated, a suprascapular 
nerve block with 5 to 10 mL of 0.25% bupivacaine 
(Marcaine) can be performed immediately before therapy, 
with an appropriately trained therapist aware of the safe 
handling of such an anesthetized joint. I typically employ 
a combined suprascapular and subacromial approach in 
these cases.

Surgery
If unacceptable symptoms persist despite conservative 
treatment, the patient may decide to reduce his or her 
activity level to minimize pain or proceed with one of a 
number of surgical interventions. It is important to in-
form the patient that regardless of the treatment ap-
proach, with osteoarthritis, a return to normal shoulder 

function, by either rehabilitation or surgery, is not pos-
sible. Pain control and some increased function are usu-
ally achievable, however.

Surgical options include débridement of the glenohu-
meral joint by either open or arthroscopic techniques 
and joint replacement.13 If reasonable congruity be-
tween the humeral head and glenoid is present, good 
improvement in pain control and some functional im-
provement can be anticipated with débridement, even 
in the presence of severe chondromalacia. The glenoid 
may be amenable to arthroscopic resurfacing with a 
meniscal allograft.14 Other arthroscopic techniques are 
successful, provided mechanical blockading osteophytes 
and loose bodies are removed (Fig. 17-5).15 Hemiar-
throplasty may be indicated in the absence of advanced 
glenohumeral disease if the glenoid can at least be con-
verted to a smooth concentric surface.16 Hemiarthro-
plasty has also been suggested as the procedure of 
choice in moderate to severe glenohumeral arthritis and 
irreparable rotator cuff tears.17 If major incongruity is 
present between the humeral head and glenoid, total 
shoulder arthroplasty may be indicated.18 There is some 
suggestion of better long-term outcomes when biceps 
tenodesis is performed concomitantly with shoulder 
arthroplasty.19 Whereas it may seem counterintuitive, 
proprioception actually improves after total shoulder 
arthroplasty over prearthroplasty measurements.20 This 
is important from the standpoint of activities of daily 
life in osteoarthritic patients. Most shoulders, however, 
can be aided arthroscopically with appropriate tech-
nique, which often necessitates a second posterior por-
tal and a highly experienced shoulder arthroscopist.15

Although a greater risk of more advanced glenohumeral 
arthritis is associated with arthroscopic procedures that 
result in limited external rotation,21 arthrodesis may be 
required for irreversible and nonreconstructible massive 
rotator cuff tears, tumor, and deltoid muscle denerva-
tion as well as for detachment of the deltoid from its 
origin or to stabilize the glenohumeral joint after many 
failed attempts at shoulder reconstruction.22 Arthrodesis 
for failed prosthetic arthroplasty or tumor resection 
presents additional challenges and additional risk of the 
aforementioned complications. A newer procedure, 
thermal capsulorrhaphy, has come in and out of favor; 

FIGURE 17-4. Combined subacromial and suprascapular injection. The 
site is marked for intra-articular glenohumeral injection. FIGURE 17-5. Arthroscopic surgical view of osteoarthritis.
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it is usually used more in high-functioning athletes for 
isolated posterior instability without labral detachment, 
rather than in isolated glenohumeral osteoarthritis.23

POTENTIAL DISEASE COMPLICATIONS
Disease complications include chronic intractable pain 
and loss of shoulder range of motion. These result in 
diminished functional ability to use the arm, disuse 
weakness, diffi culty with sleep, inability to perform work 
and recreational activities, and reactive depression.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Infection, hemar-
throsis, and allergic reaction to the medications are rare 
side effects of injections. In particular, there may be an 
association between subdeltoid septic bursitis and con-
comitant systemic isotretinoin (Accutane).24 Fluid re-
tention or transient hyperglycemia may be seen with a 
single exogenous glucocorticoid injection. Arthroscopic 
complications are not common, but the usual possibili-
ties, including neurovascular issues, have been reported. 
Arthrodesis complications include nonunion, malposi-
tion, pain associated with prominent hardware, and 
periarticular fractures. Arthrodesis after cancer recon-
struction has a higher risk of complication.22

References
 1. Braune C, Rittmeister M, Engels K, Kerschbaumer F. Non-

Hodgkin lymphoma (immunocytoma) of low malignancy and 
arthritis of the glenohumeral joint [in German]. Z Orthop Ihre 
Grenzgeb 2002;140:199-202.

 2. Green A, Norris TR. Shoulder arthroplasty for advanced glenohu-
meral arthritis after anterior instability repair. J Shoulder Elbow 
Surg 2001;10:539-545.

 3. Martinez OA, Gracia SP, Pueo E, Chopo JM. Septic arthritis as an ini-
tial manifestation of bacterial endocarditis caused by Staphylococcus 
aureus. An Med Interna 2006;23:184-186.

 4. Kocher MS, Horan MP, Briggs KK, et al. Reliability, validity and 
responsiveness of the American Shoulder and Elbow Surgeons 
subjective shoulder scale in patients with shoulder instability, 
rotator cuff disease and glenohumeral arthritis. J Bone Joint Surg 
Am 2005;87;2006-2011.

 5. Chaipat L, Palmer WE. Shoulder magnetic resonance imaging. 
Clin Sports Med 2006;25:371-386.

 6. Spinner RJ, Amrami KK, Kliot M, et al. Suprascapular intraneu-
ral ganglia and glenohumeral joint connections. J Neurosurg 
2006;104:551-557.

 7. Walch G, Ascani C, Boulahia A, et al. Static posterior subluxation 
of the humeral head: an unrecognized entity responsible for gleno-
humeral osteoarthritis in the young adult. J Shoulder Elbow Surg 
2002;11:309-314.

 8. Naredo E, Miller I, Moragues C, et al. Interobserver reliability in mus-
culoskeletal ultrasonography: results from a “Teach the Teachers” 
rheumatologist course. Ann Rheum Dis 2006;65:14-19.

 9. O’Connor PJ, Rankine J, Gibbon WW, et al. Interobserver variation 
in sonography of the painful shoulder. J Clin Ultrasound 2005;33:
53-56.

10. Thomas T, Nol E, Goupille P, et al. The rheumatoid shoulder: 
current consensus on diagnosis and treatment. Joint Bone Spine 
2006;73:139-143.

 11. Wilcox RB, Arslanian LE, Millett P. Rehabilitation following total 
shoulder arthroplasty. J Orthop Sports Phys Ther 2005;35:821-836.

12. Sethi PM, El Attrache N. Accuracy of intra-articular injection of 
the glenohumeral joint: a cadaveric study. Orthopedics 2006;29:
149-152.

13. Williams GR, Iannotti JP. Biomechanics of the glenohumeral 
joint: infl uence on shoulder arthroplasty. In Iannotti J, Williams 
G, eds. Disorders of the Shoulder: Diagnosis and Management. 
Philadelphia, Lippincott Williams & Wilkins, 1999.

14. Pennington WT, Bartz BA. Arthroscopic glenoid resurfacing with 
meniscal allograft: a minimally invasive alternative for treating 
glenohumeral arthritis. Arthroscopy 2005;21:1517-1520.

15. Nirschl RP. Arthroscopy in the treatment of glenohumeral osteo-
arthritis. Presented to the Brazilian Congress of Upper Extremity 
Surgeons; Belo Horizonte, Brazil; Sept 29, 2000.

16. Wirth MA, Tapscott RS, Southworth C, Rockwood CA. Treatment 
of glenohumeral arthritis with a hemiarthroplasty: a minimum 
of fi ve-year follow-up outcome study. J Bone Joint Surg Am 2006;
88:964-973.

17. Laudicina L, D’Ambrosia R. Management of irreparable rotator cuff 
tears and glenohumeral arthritis. Orthopaedics 2005;28:382-388.

18. Schenk T, Iannotti JP. Prosthetic arthroplasty for glenohumeral 
arthritis with an intact or repairable rotator cuff: indications, tech-
niques, and results. In Iannotti J, Williams G, eds. Disorders of the 
Shoulder: Diagnosis and Management. Philadelphia, Lippincott 
Williams & Wilkins, 1999.

19. Fama G, Edwards TB, Boulahia A, et al. The role of concomitant bi-
ceps tenodesis in shoulder arthroplasty for primary osteoarthritis: 
results of a multicentric study. Orthopedics 2004;27:401-405.

20. Cuoma F, Birdzell MG, Zuckerman JD. The effect of degenerative 
arthritis and prosthetic arthroplasty on shoulder proprioception. 
J Shoulder Elbow Surg 2005;14:345-348.

 21. Brophy RH, Marx RG. Osteoarthritis following shoulder instabil-
ity. Clin Sports Med 2005;24:47-56.

22. Safran O, Iannotti JP. Arthrodesis of the shoulder. J Am Acad Or-
thop Surg 2006;14:145-153.

23. Bisson LJ. Thermal capsulorrhaphy for isolated posterior instability 
of the glenohumeral joint without labral detachment. Am J Sports 
Med 2005;33:1898-1904.

24. Drezner JA, Sennett BJ. Subacromial/subdeltoid septic bursitis asso-
ciated with isotretinoin therapy and corticosteroid injection. J Am 
Board Fam Pract 2004;17:299-302.

Ch17_091-096-X4007.indd 95Ch17_091-096-X4007.indd   95 3/17/08 6:03:02 PM3/17/08   6:03:02 PM



M U S C U L O S K E L E T A L  D I S O R D E R S :  E L B O W  A N D  F O R E A R M

Elbow Arthritis 18
Charles Cassidy, MD, and Chien Chow, MD

97

DEFINITION
In the simplest of terms, arthritis of the elbow refl ects a 
loss of articular cartilage in the ulnotrochlear and radio-
capitellar articulations. Destruction of the articulating 
surfaces and bone loss or, alternatively, excess bone for-
mation in the form of osteophytes can be present. Joint 
contractures are common. Joint instability can result 
from infl ammatory or traumatic injury to the bone ar-
chitecture, capsule, and ligaments. The spectrum of dis-
ease ranges from intermittent pain or loss of motion 
with minimal changes detectable on radiographs to the 
more advanced stages of arthritis with a limited, painful 
arc of motion and radiographic demonstration of osteo-
phyte formation, cysts, and loss of joint space. Ulti-
mately, these destructive processes may result in com-
plete ankylosis or total instability of the elbow.

The major causes of elbow arthritis are the infl ammatory 
arthropathies, of which rheumatoid arthritis is the pre-
dominant disease. Arthritis of the elbow eventually devel-
ops in approximately 20% to 50% of patients with rheu-
matoid arthritis.1 Involvement of the elbow in juvenile 
rheumatoid arthritis is not uncommon. Other infl amma-
tory conditions affecting the elbow joint include systemic 
lupus erythematosus, the seronegative spondyloarthropa-
thies (ankylosing spondylitis, psoriatic arthritis, Reiter 
syndrome, and enteropathic arthritis), and crystalline ar-
thritis (gout and pseudogout). Post-traumatic arthritis may 
result from intra-articular fractures of the elbow. Osteone-
crosis of the capitellum or trochlea, leading to arthritis, has 
also been described.2,3 Primary osteoarthritis of the elbow 

is a rare condition, responsible for less than 5% of elbow 
arthritis.4 Interestingly, the incidence is signifi cantly higher 
in the Alaskan Eskimo and Japanese populations.5 Primary 
elbow arthritis usually affects the dominant arm of men in 
their 50s. Repetitive, strenuous arm use appears to be a risk 
factor; primary elbow arthritis has been reported in heavy 
laborers, weightlifters, and throwing athletes. Synovial 
chondromatosis is another rare cause of elbow arthritis.3

SYMPTOMS
The symptoms of elbow arthritis refl ect, in part, the un-
derlying etiology and severity of the disease process. Re-
gardless of the etiology, however, the inability to fully 
straighten (extend) the elbow is a nearly universal com-
plaint of patients with elbow arthritis. Associated symp-
toms of cubital tunnel syndrome (ulnar neuropathy at 
the elbow) include numbness in the ring and small fi n-
gers, loss of hand dexterity, and aching pain along the 
ulnar aspect of the forearm. Cubital tunnel syndrome is 
neither uncommon nor unexpected, given the proximity 
of the ulnar nerve to the elbow joint (see Chapter 23).

Patients with early rheumatoid involvement complain 
of a swollen, painful joint with morning stiffness. Pro-
gressive loss of motion or instability is seen in later 
stages. Compression of the posterior interosseous nerve 
by rheumatoid synovitis can occasionally produce the 
inability to extend the fi ngers.

Patients with crystalline arthritis of the elbow may com-
plain of severe pain, swelling, and limited motion; an 
expedient evaluation is warranted to rule out a septic 
elbow in such cases.

Post-traumatic or idiopathic arthritis of the elbow, in 
contrast, usually manifests with painful loss of motion 
without the signifi cant effusions, warmth, or constant 
pain associated with an infl amed synovium. These pa-
tients usually complain of pain at the extremes of mo-
tion secondary to osteophyte impingement, and they 
typically have more trouble extending the elbow than 
fl exing it. Pain throughout the arc of motion implies 
advanced arthritis.

The fi nal stages of arthritis, irrespective of cause, can in-
clude complaints of severe pain and decreased motion 

Synonyms
Rheumatoid elbow
Primary degenerative arthritis
Osteoarthritis of the elbow

ICD-9 Codes
714.12  Rheumatoid arthritis of the elbow
715.12.1 Osteoarthritis, primary, of the elbow
715.22  Osteoarthritis, secondary, of the elbow
716.12  Traumatic arthritis of the elbow
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that hinder activities of daily living as well as the cos-
metic deformity of the fl exed elbow posture.

PHYSICAL EXAMINATION
Physical examination fi ndings vary according to the 
cause and stage of the elbow arthritis. A fl exion contrac-
ture is almost always present. The range of motion 
should be monitored at the initial examination and at 
subsequent follow-up examinations.

Normal adult elbow range of motion in extension-fl exion 
is from 0 degrees to about 150 degrees; pronation aver-
ages 75 degrees, and supination averages 85 degrees. A 
functional range of motion is considered to be 30 degrees 
to 130 degrees, with 50 degrees of both pronation and 
supination.6

All other joints should be assessed as well. Strength 
should be normal but may be impaired in long-standing 
elbow arthritis because of disuse or, in more acute cases, 
pain. Weakness may also be noted in the presence of 
associated neuropathies. In the absence of associated 
neuropathies, deep tendon refl exes and sensation should 
be normal.

Associated ulnar nerve irritation can produce a sensitive 
nerve with the presence of Tinel sign over the cubital 
tunnel, diminished sensation in the small fi nger and 
ulnar half of the ring fi nger, and weakness of the intrin-
sic muscles (see Chapter 23). Numbness provoked by 
acute fl exion of the elbow for 30 to 60 seconds is a 
positive elbow fl exion test result.

Effusions, synovial thickenings, and erythema are com-
monly noted in the infl ammatory arthropathies during 
acute fl ares. Loss of motion in fl exion and extension, as 
well as in pronation and supination, can be present 
because the synovitis affects all articulating surfaces in 
the elbow. Pain, limited motion, and crepitus worsen as 
the disease progresses. On occasion, rheumatoid de-
struction of the elbow will produce instability, which 
may be perceived by the patient as weakness or me-
chanical symptoms. Examination of such elbows will 
demonstrate laxity to varus and valgus stress; posterior 
instability may also be seen.

In contrast, progressive primary or post-traumatic ar-
thritis of the elbow results in stiffness. The loss of exten-
sion is usually worse than the loss of fl exion. Pain is 
present with forced extension or fl exion. Crepitus may 
be palpable throughout the arc of fl exion-extension or 
with forearm rotation.

FUNCTIONAL LIMITATIONS
The elbow functions to position the hand in space. Sig-
nifi cant loss of extension can hinder an individual’s 
ability to interact with the environment, making activi-
ties that require nearly full extension, like carrying gro-
ceries or briefcases, painful. Signifi cant loss of fl exion 
can interfere with activities of daily living such as eating, 
shaving, and washing. A normal shoulder can compen-

sate well for a lack of pronation, whereas a normal 
shoulder, wrist, and cervical spine can compensate, al-
beit awkwardly, for a lack of elbow fl exion. There is no 
simple solution for a signifi cant lack of elbow exten-
sion; the body must be moved closer to the desired 
object. Compensatory mechanisms are often impaired 
in patients with rheumatoid arthritis, magnifying the 
impact of the elbow arthritis on function.

DIAGNOSTIC STUDIES
Anteroposterior, lateral, and oblique radiographic views 
of the elbow are usually suffi cient for diagnosis of el-
bow arthritis. The radiographs should be inspected for 
joint space narrowing, osteophyte and cyst formation, 
and bone destruction. For the rheumatoid patient, the 
Mayo Clinic radiographic classifi cation of rheumatoid 
involvement is useful (Table 18-1).7 Dramatic loss of 
bone is evident as the disease progresses (Fig. 18-1). 
This pattern of destruction is not seen, however, in the 
post-traumatic or idiopathic patient. Radiographic fea-
tures in these patients include spurs or osteophytes on 
the coronoid and olecranon, loose bodies, and narrow-
ing of the coronoid and olecranon fossae (Fig. 18-2).

Magnetic resonance arthrography or computed tomo-
graphic arthrography may help localize suspected loose 
bodies. Magnetic resonance imaging is most valuable 
for confi rmation of suspected osteonecrosis.

The diagnosis of rheumatoid arthritis will have already 
been made in the majority of patients who present with 
rheumatoid elbow involvement. When isolated infl am-
matory arthritis of the elbow is suspected, appropriate 
serologic studies may include analysis of rheumatoid 
factor, antinuclear antibody, HLA-B27, and erythrocyte 
sedimentation rate. Elbow aspiration may be needed to 
rule out a crystalline or infectious cause in patients who 
present with a warm, stiff, swollen, and painful joint 
with no history of trauma or infl ammatory arthritis.

TREATMENT
Initial
Treatment of elbow arthritis depends on the diagnosis, 
degree of involvement, functional limitations, and pain. 
When the elbow is one of a number of joints actively in-
volved with infl ammatory arthritis, the obvious treatment 

TABLE 18-1  Radiographic Classifi cation 
of Rheumatoid Arthritis7

I Synovitis with a normal-appearing joint

II Loss of joint space but maintenance of the subchondral 
architecture

IIIa Alteration of the subchondral architecture

IIIb Alteration of the architecture with deformity

IV Gross deformity
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splint that maintains the elbow in about 30 degrees of 
fl exion may help alleviate cubital tunnel symptoms (see 
Chapter 23).

Rehabilitation
Once the acute infl ammation has subsided, physical or 
occupational therapy may be instituted to regain elbow 
motion and strength and to educate the patient in activ-
ity modifi cation and pain control measures.

Therapy should focus on improving range of motion 
and strength throughout the upper body with a goal of 
improving function regardless of the degree of elbow 
arthritis. Adaptive equipment, such as reachers, can be 
recommended. Ergonomic workstation equipment may 
also be useful (e.g., voice-activated computer software, 
forearm rests).

Modalities such as ultrasound and iontophoresis may 
help with pain control.

Nighttime static, static-progressive, or dynamic exten-
sion splinting may be indicated to relieve signifi cant 
elbow contractures. Braces may be effective in the set-
ting of instability. The goal of therapy is functional rather 
than full elbow motion.

In primary osteoarthritis of the elbow, corrective splint-
ing is not indicated because bone impingement is usu-
ally present. Similarly, therapy may actually aggravate 
the symptoms and should be ordered judiciously.

Rehabilitation is critical to the success of surgical proce-
dures around the elbow. The rheumatoid patient com-
monly has multiple joint problems that must not be 
neglected during treatment of the elbow. The shoulder is 
at particular risk for stiffness. A good operation, a moti-
vated patient, and a knowledgeable and skillful therapist 
are necessary to optimize postoperative results. Postop-
erative rehabilitation depends on the procedure and the 

Differential Diagnosis

Medial or lateral epicondylitis

Median nerve compression

Elbow instability

Radial tunnel syndrome

Septic arthritis

Cervical radiculopathy

Acute fracture

Elbow contracture

Cubital tunnel syndrome

A B

FIGURE 18-1. Rheumatoid arthritis. Anteropos-
terior (A) and lateral (B) elbow radiographs of a 
40-year-old woman with long-standing elbow 
pain. Osteopenia and symmetric joint space nar-
rowing are present. The lateral radiograph dem-
onstrates early bone loss in the ulna. This is cat-
egorized as stage IIIa.

is systemic. Disease-modifying agents have had a dramatic 
effect in relieving symptoms and retarding the progres-
sion of arthritis for many of these patients. For systemic 
disease, a rheumatology consultation can be benefi cial.

The initial local treatment of an acutely infl amed elbow 
joint includes rest. A simple sling places the elbow in a 
relatively comfortable position. The patient should be 
encouraged to remove the sling for gentle range of mo-
tion exercises of the elbow and shoulder several times 
daily. Icing of the elbow for 15 minutes several times a 
day for the fi rst few days may be benefi cial.

Nonoperative treatment of primary osteoarthritis of the 
elbow primarily consists of rest, activity modifi cation, 
and nonsteroidal anti-infl ammatory drugs. Oral analge-
sics may help with pain control. Topical treatments such 
as capsaicin can be tried as well.

Patients who have associated cubital tunnel symptoms 
are instructed to avoid direct pressure over the elbow 
and to avoid prolonged elbow fl exion. A static night 
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surgeon’s preference. However, in general, physical or 
occupational therapy should be recommended to re-
store range of motion and strength.

Procedures
For recalcitrant symptoms, intra-articular steroid injec-
tions are effective in relieving the pain associated with 
synovitis (Fig. 18-3).

The elbow joint is best accessed through the “soft 
spot,” the center of the triangle formed by the lateral 
epicondyle, the tip of the olecranon, and the radial 
head. The patient is placed with the elbow between 
50 degrees and 90 degrees of fl exion. For the postero-
lateral approach, the lateral epicondyle and the poste-
rior olecranon are palpated. Under sterile conditions, 
with use of a 25-gauge, 11⁄2-inch needle, 3 to 4 mL of 
an anesthetic-corticosteroid mixture (e.g., 1 mL of 
80 mg/mL methylprednisolone and 3 mL of 1% lido-
caine) is injected. The needle is directed proximally 
toward the head of the radius and medially into the 
elbow joint. No resistance should be noted as the 
needle enters the joint. If an effusion is present, aspira-
tion may be done before the anesthetic-corticosteroid 
mixture is injected.

For the posterior approach, the olecranon fossa is pal-
pated just proximal to the tip of the olecranon. The 
needle is then inserted above the superior aspect of and 
lateral to the olecranon. Again, it should enter the joint 
without resistance.

Postinjection care may include icing of the elbow 
for 10 to 20 minutes after the injection and then two 
or three times daily thereafter. The patient should be 
informed that the pain may worsen for the fi rst 24 to 
36 hours and that the medication may take 1 week 
to work.

In general, repeated injections are not recommended. 
Although the intra-articular steroids are effective in 
treating synovitis, they also temporarily inhibit chon-
drocyte synthesis, an effect that could potentially accel-
erate arthritis.

Surgery
Patients whose treatment has failed after 3 to 6 months 
of adequate medical therapy are potential candidates 
for surgery. Refractory pain is the best indication for 
surgery. In assessment of the surgical candidate with 
primary elbow arthritis, it is important to listen care-
fully to the patient’s complaints. Many patients are dis-
satisfi ed with the simple fact that they cannot fully 
straighten the elbow. Such patients will usually be less 
than satisfi ed with surgery.

Intermittent locking or catching suggestive of a loose 
body is often best treated with arthroscopy. Pain at the 
extremes of motion is consistent with olecranon and 
coronoid osteophyte impingement. An ulnohumeral 
arthroplasty, or surgical débridement of the elbow joint, 
may be recommended. Traditionally, open surgical tech-
niques have been performed to remove impinging osteo-
phytes. More recent arthroscopic advances have permitted 
this débridement to be performed in a less invasive man-
ner, with potentially less morbidity. However, arthroscopic 
treatment of elbow contractures is a technically demand-
ing procedure.8 Ulnohumeral arthroplasty is successful at 
achieving its principal goal—pain relief at the extremes of 
motion. However, it is only marginally successful at actu-
ally improving motion, with an average improvement in 
extension of 7 to 12 degrees and an average improvement 
in fl exion of 8 to 17 degrees in four reported series.4,9-11

Overall, 85% of patients in these series were satisfi ed with 
the results. As expected, the results deteriorate with time 
as the arthritis progresses.

BA

FIGURE 18-2. Primary degenerative elbow arthritis. Anteroposterior (A) and lateral (B) elbow radiographs of a 52-year-old man with dominant right 
elbow pain at the extremes of motion. A, Joint space narrowing and obliteration of the coronoid fossa. B, Coronoid and olecranon spurs and a large 
anterior loose body are evident.
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Less commonly, patients with primary arthritis com-
plain of pain throughout the arc of motion. Their radio-
graphs will probably demonstrate advanced arthritis 
with severe joint space narrowing. Simple removal of 
the osteophytes is not likely to be successful. Total el-
bow arthroplasty would seem to be a reasonable op-
tion. However, unlike their rheumatoid counterparts, 
most of these patients are otherwise healthy, vigorous 
people who would regularly stress their joint replace-
ment. For this reason, total elbow arthroplasty in this 
setting is best reserved for the sedentary patient older 
than 65 years.12

For the younger patient with advanced primary arthritis, 
a distraction interposition arthroplasty is recom-
mended.3,14,15 This procedure involves a radical débride-
ment of the joint followed by a resurfacing of the joint 
surfaces with an interposition material, such as autolo-
gous fascia lata or allograft Achilles tendon. A hinged 

external fi xator is then applied, which will protect the 
healing interposition material while simultaneously 
maintaining elbow stability and permitting motion. In 
the one relatively large series of distraction interposi-
tion arthroplasty,15 pain relief was satisfactory in 69% of 
patients at an average of 5 years postoperatively. An ad-
vantage of interposition arthroplasty is the potential for 
conversion to total elbow arthroplasty, ideally after the 
age of 60 years,16 but this procedure certainly does not 
produce a normal elbow.

Other nonimplant surgical options include elbow ar-
throdesis and resection arthroplasty. There is no ideal 
position for an elbow fusion. The elbow looks more 
cosmetically appealing when it is relatively straight. 
However, this position is relatively useless. Conse-
quently, elbow arthrodesis is performed rarely, usually 
in the setting of intractable infection. Resection arthro-
plasty is an option for a failed total elbow arthroplasty. 

Humerus 

A

Radius

Ulna

B C

FIGURE 18-3. Internal anatomic (A) and approximate surface anatomic (B, lateral; C, posterior) sites for injection of the elbow laterally and posteriorly. 
(Reprinted with permission from Lennard TA. Pain Procedures in Clinical Practice, 2nd ed. Philadelphia, Hanley & Belfus, 2000.)
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This procedure permits some elbow motion, although 
the elbow tends to be very unstable.

For the rheumatoid patient with elbow arthritis, elbow 
synovectomy and débridement provide predictable 
short-term pain relief.17 Interestingly, the results do not 
necessarily correlate with the severity of the arthritis. 
The results do, however, deteriorate somewhat over 
time, drifting down from 90% success at 3 years to 70% 
success by 10 years as the synovitis recurs.18-20 Elbow 
motion is not necessarily improved by synovectomy; 
only 40% of patients obtain better motion. A study 
comparing arthroscopic and open synovectomy demon-
strated equivalent results with either technique if the 
preoperative arc of fl exion is greater than 90 degrees.19

For stiff rheumatoid elbows, arthroscopic synovectomy 
performed better than the open method did.

Total elbow arthroplasty is a reliable procedure for the 
rheumatoid patient with advanced elbow arthritis.21,22

The Mayo Clinic has reported excellent results with a 
semiconstrained prosthesis,23 with pain relief in 92% 
of patients and an average arc of motion of 26 to 130 
degrees, with 64 degrees of pronation and 62 degrees of 
supination. An outcomes study demonstrated good 
satisfaction of the patients, although the majority of 
patients continued to have some functional impair-
ments, presumably due, in part, to rheumatoid involve-
ment in other joints.24 In spite of the excellent clinical 
results, the patient should be made aware that the com-
plication rate for total elbow arthroplasty is signifi -
cantly higher than that for the more conventional hip 
and knee replacements.

POTENTIAL DISEASE COMPLICATIONS
End-stage rheumatoid arthritis of the elbow can pro-
duce either severe stiffness or instability. Advanced pri-
mary arthritis invariably produces stiffness. Either out-
come results in pain and limited function of the involved 
extremity. In addition, entrapment or traction neuritis 
of the ulnar nerve is not uncommon. Compressive in-
jury to the posterior interosseous nerve from rheuma-
toid synovial hyperplasia has also been reported.

POTENTIAL TREATMENT 
COMPLICATIONS
The systemic complications of the disease-modifying 
agents used in treatment of rheumatoid arthritis are 
numerous and are beyond the scope of this chapter (see 
Chapters 30 and 37). Analgesics and nonsteroidal anti-
infl ammatory drugs have well-known side effects that 
most commonly affect the gastric, hepatic, and renal 
systems. Intra-articular steroid injections introduce the 
risk of iatrogenic infection and may produce transient 
chondrocyte damage.

Potential surgical complications include infection, 
wound problems, neurovascular injury, stiffness, recur-
rent synovitis, triceps disruption, periprosthetic lucency, 
fracture, and iatrogenic instability. In the primary and 

post-traumatic osteoarthritic elbow, motion-improving 
procedures such as ulnohumeral arthroplasty do not 
halt the inevitable radiographic progression of the dis-
ease. Similarly, synovectomy of the rheumatoid elbow, 
even if it is successful in alleviating pain and synovitis, 
does not reliably prevent further joint destruction. Pre-
operative ulnar nerve symptoms can occasionally be 
made worse by surgery, and simultaneous ulnar nerve 
transposition should be considered in such patients 
when the preoperative range of motion is limited.11 In 
an analysis of 473 consecutive elbow arthroscopies, 
major and temporary minor complications occurred in 
0.8% and 11% of patients, respectively.8 The most sig-
nifi cant risk factors for development of temporary nerve 
palsies were rheumatoid arthritis and contracture.

With total elbow arthroplasty, wound healing prob-
lems, infection, triceps insuffi ciency, and implant loos-
ening are the principal complications, occurring in ap-
proximately 5% to 7% of patients. As a result, most 
surgeons place lifelong restrictions on high-impact load-
ing (no golf, no lifting of more than 10 pounds) to 
minimize the need for revision surgery.
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DEFINITION
Epicondylitis is a general term used to describe infl am-
mation, pain, or tenderness in the region of the medial 
or lateral epicondyle of the humerus. The actual nidus of 
pain and pathologic change has been debated. Lateral 
epicondylitis implies an infl ammatory lesion with de-
generation at the origin of the extensor muscles (the 
lateral epicondyle of the humerus). The extensor carpi 
radialis brevis is the muscle primarily affected. Other 
muscles that can contribute to the condition are the ex-
tensor carpi radialis longus and the extensor digitorum 
communis. In medial epicondylitis, the fl exor muscle 
group is affected (fl exor carpi radialis, fl exor carpi ulna-
ris, fl exor digitorum superfi cialis, and palmaris longus).

Although the term epicondylitis implies an infl ammatory 
process, infl ammatory cells are not identifi ed histologi-
cally. Instead, the condition may be secondary to failure 
of the musculotendinous attachment with resultant fi -
broplasia,2 termed tendinosis. Other postulated primary 
lesions include angiofi broblastic tendinosis, periostitis, 
and enthesitis.3 In children, medial elbow pain may re-
sult from repetitive stress on the apophysis of the me-
dial epicondyle ossifi cation center (little leaguer’s el-
bow).4 Overall, the focus of injury appears to be the 
muscle origin. Symptoms may be related to failure of 
the repair process.5

Repetitive stress has been implicated as a factor in this 
condition.6 Poor throwing mechanics and excessive 

throwing have been implicated in little leaguer’s elbow. 
Overuse from a tennis backhand (especially a one-
handed backhand with poor technique) can frequently 
lead to lateral epicondylitis (hence, the term tennis el-
bow is frequently used synonymously with lateral epi-
condylitis, regardless of its etiology). Repetitive wrist 
fl exion as in the trailing arm in a golf swing can cause 
a medial epicondylitis (hence, the term golfer’s elbow is 
frequently used for medial epicondylitis, also regard-
less of etiology).

SYMPTOMS
Patients usually report pain in the area just distal to the 
lateral epicondyle (lateral epicondylitis) or the medial 
epicondyle (medial epicondylitis). The patient may 
complain of pain radiating proximally or distally. Pa-
tients may also complain of pain with wrist or hand 
movement, such as gripping a doorknob, carrying a 
briefcase, or shaking hands. Patients occasionally report 
swelling as well.

PHYSICAL EXAMINATION
On examination, the hallmark of epicondylitis is tender-
ness over the extensor muscle origin (lateral epicondyli-
tis) or fl exor muscle origin (medial epicondylitis). The 
origin of the extensor or fl exor muscles can be located 
one fi ngerbreadth below the lateral or medial epicon-
dyle, respectively. With lateral epicondylitis, pain is in-
creased with resisted wrist extension, especially with the 
elbow extended, the forearm pronated, the wrist radially 
deviated, and the hand in a fi st. The middle fi nger test 
can also be used to assess for lateral epicondylitis. Here, 
the proximal interphalangeal joint of the long fi nger is 
resisted in extension, and pain is elicited over the lateral 
epicondyle. Swelling is occasionally present. With me-
dial epicondylitis, pain is increased with resisted wrist 
fl exion. In cases of recalcitrant lateral epicondylitis, the 
diagnosis of radial nerve entrapment should be consid-
ered. The radial nerve can become entrapped just distal 
to the lateral epicondyle where the nerve pierces the in-
termuscular septum (between the brachialis and bra-
chioradialis muscles). There may be localized tenderness 

Synonyms
Tendinosis1

Lateral epicondylitis
Medial epicondylitis
Tennis elbow
Pitcher’s elbow
Golfer’s elbow

ICD-9 Codes
726.31 Medial epicondylitis
726.32 Lateral epicondylitis
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TREATMENT
Initial
Initial treatment consists of relative rest, avoidance of re-
petitive motions involving the wrist, activity modifi cation 
to avoid stress on the epicondyles, anti-infl ammatory 
medications, and thermal modalities such as heat and ice 
for acute pain. Patients who develop lateral epicondylitis 
from tennis should modify their stroke (especially im-
proving the backhand stroke to ensure that the forearm is 
in midpronation and the trunk is leaning forward) and 
their equipment, usually by reducing string tension and 
enlarging the grip size.6 Frequently, a two-handed back-
hand will relieve the stress suffi ciently. Patients who de-
velop medial epicondylitis from golf should consider 
modifying their swing to avoid excessive force on wrist 
fl exor muscles. Biomechanical modifi cations may help 
reduce symptoms if the medial epicondylitis is thought to 
be due to poor pitching technique.

In addition, a forearm band (counterforce brace) worn 
distal to the fl exor or extensor muscle group origin can 
be benefi cial. The theory behind this device is that it 
will dissipate forces over a larger area of tissue than the 
medial or lateral attachment site. Alternatively, the use 
of wrist immobilization splints may be helpful. A splint 
set in neutral can be helpful for either medial or lateral 
epicondylitis by relieving the tension on the fl exors and 
extensors of the wrist and fi ngers. A splint set in 30 to 
40 degrees of wrist extension (for lateral epicondylitis 
only) will relieve the tension on the extensors, includ-
ing the extensor carpi radialis brevis muscle as well as 
other wrist and fi nger extensors.13,14 Dynamic extension 
bracing has also been proposed.15

Rehabilitation
Rehabilitation may include physical or occupational ther-
apy. Therapy should include two phases. The fi rst phase is 
directed at decreasing pain (ultrasound, electrical stimula-
tion, phonophoresis, heat, ice, massage) and decreasing 
disability (education, reduction of repetitive stress, and 
preservation of motion). When the patient is pain free, a 
gradual program is implemented to improve strength and 
endurance of wrist extensors (for lateral epicondylitis) or 
wrist fl exors (for medial epicondylitis) and stretching. 
This program must be carefully monitored to permit 
strengthening of the muscles and work hardening of the 
tissues, without itself causing an overuse situation. The 
patient should start with static exercises and advance to 
progressive resistive exercises. Thera-Band, light weights, 
and manual (self) resistance exercises can be used.

Work or activity restrictions or modifi cations may be 
required for a time.

Procedures
Injection of corticosteroid, usually with a local anes-
thetic, into the area of maximum tenderness (ap-
proximately 1 to 5 cm distal to the lateral epicondyle) 

along the course of the radial nerve around the radial 
head. Motor and sensory fi ndings are usually absent.

FUNCTIONAL LIMITATIONS
The patient may complain of an inability to lift or to carry 
objects on the affected side secondary to increased pain. 
Typing, using a computer mouse, or working on a key-
board may re-create the pain. Even handshaking or squeez-
ing may be painful in both lateral and medial epicondyli-
tis. Athletic activities may cause pain, especially with an 
acute increase in repetition, poor technique, and equip-
ment changes (frequently with a new racket or stringing).

DIAGNOSTIC STUDIES
The diagnosis is usually made on clinical grounds. Mag-
netic resonance imaging, which is particularly useful for 
soft tissue defi nition, can be used to assess for tendinitis, 
tendinosis, degeneration, partial tears or complete tears, 
and detachment of the common fl exor or common 
extensor tendons at the medial or lateral epicondyles, 
respectively.7 Magnetic resonance imaging is rarely 
needed, however, except in recalcitrant epicondylitis, and 
it will not alter the treatment signifi cantly in the early 
stages. The medial and lateral collateral ligament com-
plexes can be evaluated for tears as well as for chronic 
degeneration and scarring. Arthrography may be benefi -
cial if capsular defects and associated ligament injuries 
are suspected. Barring evidence of trauma, early radio-
graphs are of little help in this condition but may be 
useful in cases of resistant tendinitis and to rule out oc-
cult fractures, arthritis, and/or osteochondral loose body.

Differential Diagnosis

Posterior interosseous nerve syndrome

Bone infection or tumors

Median or ulnar neuropathy around the elbow

Osteoarthritis

Acute calcifi cation around the lateral epicondyle8

Osteochondral loose body

Anconeus compartment syndrome9

Triceps tendinitis

Degenerative arthrosis10

Elbow synovitis

Lateral ligament instability11

Radial head fracture

Bursitis

Collateral ligament tears

Hypertrophic synovial plica12
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has been shown to be effective in treatment of lateral 
epicondylitis (Fig. 19-1).16 To confi rm the diagnosis, a 
trial of lidocaine alone may be given. An immediate 
improvement in grip strength should be noted after 
injection. Postinjection treatment includes icing of 
the affected area both immediately (for 5 to 10 min-
utes) and thereafter (a reasonable regimen is 20 min-
utes two or three times per day for 2 weeks) and wear-
ing of a wrist splint (particularly for activities that 
involve wrist movement). The wrist splint should be 
set in slight extension for lateral epicondylitis and 
neutral for medial epicondylitis. Exacerbating activi-
ties are to be avoided.

Injection of botulinum toxin into the extensor digito-
rum communis muscles to the third and fourth digits 
has been reported to be benefi cial in treating chronic 
treatment-resistant lateral epicondylitis.17,18

Injections for medial epicondylitis must be used cau-
tiously because of the risk of injury to the ulnar nerve 
(either by direct injection or by tissue changes that may 
promote nerve injury). There are studies that support 
acupuncture as an effective modality in the short-term 
relief of lateral epicondylitis.19- 21

Surgery
Surgery may be indicated in those patients with contin-
ued severe symptoms who do not respond to conserva-
tive management. For lateral epicondylitis, surgery is 
aimed at excision and revitalization of the pathologic 
tissue in the extensor carpi radialis brevis and release of 
the muscle origin.22 Pinning may be done if the elbow 
joint is unstable.4

POTENTIAL DISEASE COMPLICATIONS
Possible long-term complications of untreated epicon-
dylitis include chronic pain, loss of function, and pos-
sible elbow contracture. Medial epicondylitis may lead 
to reversible impairment (neurapraxia) of the ulnar 

nerve.23 In general, epicondylitis is more easily and suc-
cessfully treated in the acute phase.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Local steroid in-
jections may increase the risk for disruption of tissue 
planes, create high-pressure tissue necrosis, rupture ten-
dons,1 damage nerves, promote skin depigmentation or 
atrophy, or cause infection.24

FIGURE 19-1. Under sterile conditions, with use of a 27-gauge needle 
and 1 to 2 mL of a local anesthetic combined with 1 to 2 mL of a cortico-
steroid preparation, inject the solution approximately 1 to 5 cm distal to 
the lateral epicondyle. The injected materials should fl ow smoothly. Re-
sistance generally indicates that the solution is being injected directly 
into the tendon, and this should be avoided.
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Median Neuropathy 20
Francisco H. Santiago, MD, and Ramon Vallarino, Jr., MD

109

DEFINITION
There are three general areas in which the median nerve 
can become entrapped around the elbow and forearm. 
Because this chapter mainly deals with entrapment be-
low the elbow and above the wrist, the most proximal 
and least frequent entrapment is not discussed but 
merely mentioned. Elbow median nerve entrapment is 
the compression of the nerve by a dense band of con-
nective tissue called the ligament of Struthers, an aber-
rant ligament found immediately above the elbow. The 
topics discussed in this chapter are compression of the 
median nerve at or immediately below the elbow, where 
the pronator teres muscle usually compresses it, and 
compression distally of a branch of the median nerve—
the anterior interosseous nerve.

Pronator Teres Syndrome
Pronator teres syndrome1,3 is a symptom complex that 
is produced where the median nerve crosses the elbow 
and becomes entrapped as it passes fi rst beneath the 
lacertus fi brosus—a thick fascial band extending from 
the biceps tendon to the forearm fascia—then be-
tween the two heads (superfi cial and deep) of the 
pronator teres muscle and under the edge of the fl exor 
digitorum sublimis (Fig. 20-1). Compression may be 
related to a local process such as pronator teres hyper-
trophy, tenosynovitis, muscle hemorrhage, fascial tear, 
postoperative scarring, or anomalous median artery. 
The median nerve may also be injured by occupa-
tional strain, such as carrying a grocery bag, guitar 
playing, or insertion of a catheter.1,3-10

Anterior Interosseous Syndrome
The anterior interosseous nerve arises from the median 
nerve 5 to 8 cm distal to the lateral epicondyle.1,2,4

Slightly distal to its course through the pronator teres 
muscle, the median nerve gives off the anterior interos-
seous nerve, a purely motor branch (Fig. 20-2). It con-
tains no fi bers of superfi cial sensation but does supply 
deep pain and proprioception to some deep tissues, 
including the wrist joint. This nerve may be damaged by 
direct trauma, forearm fractures, humeral fracture, injec-
tion into or blood drawing from the cubital vein, supra-
condylar fracture, and fi brous bands related to the fl exor 
digitorum sublimis and fl exor digitorum profundus 
muscles. In some patients, it is a component of brachial 
amyotrophy of the shoulder girdle (proximal fascicular 
lesion) or related to cytomegalovirus infection or a 
bronchogenic carcinoma metastasis. The nerve may be 
partially involved, but in a fully established syndrome, 
three muscles are weak: fl exor pollicis longus, fl exor 
digitorum profundus to the second and sometimes the 
third digits, and pronator quadratus.1,2,4,10-15

SYMPTOMS
Pronator Teres Syndrome
In an acute compression, with unmistakable symptoms, 
the diagnosis is relatively simple to establish.2,3 In many 
cases of intermittent, mild, or partial compression, the 
signs and symptoms are vague and nondescript. The most 
common symptom is mild to moderate aching pain in 
the proximal forearm, sometimes described as tiredness 
and heaviness. Use of the arm may cause a mild or dull 
aching pain to become deep or sharp. Repetitive elbow 
motions are likely to provoke symptoms. As the pain in-
tensifi es, it may radiate proximally to the elbow or even to 
the shoulder. Paresthesias in the distribution of the me-
dian nerve may be reported, but they are generally not as 
severe or well localized as the complaints in carpal tunnel 
syndrome. When numbness is a prominent symptom, the 
complaints may mimic carpal tunnel syndrome. However, 
unlike carpal tunnel syndrome, pronator teres syndrome 
rarely has nocturnal exacerbation and the symptoms are 
not exacerbated by a change of wrist position. 

Synonyms
Pronator teres syndrome
Pronator syndrome
Anterior interosseous syndrome
Kiloh-Nevin syndrome

ICD-9 Code
354.1 Other lesion of median nerve (median nerve neuritis)
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Anterior Interosseous Syndrome
The onset of anterior interosseous syndrome can be re-
lated to exertion, or it may be spontaneous. In classic 
cases of spontaneous anterior interosseous nerve paraly-
sis, there is acute pain in the proximal forearm or arm 
lasting for hours or days. There may be a history of local 
trauma or heavy muscle exertion at the onset of pain. As 
mentioned, the patient may complain of weakness of 
the forearm muscles innervated by the anterior interos-
seous nerve. Theoretically, there should be no sensory 
complaints.4

PHYSICAL EXAMINATION
Pronator Teres Syndrome
Findings may be ill-defi ned and diffi cult to substanti-
ate in pronator teres syndrome.2,3 The most important 
physical fi nding is tenderness over the proximal fore-
arm. Pressure over the pronator teres muscle produces 
discomfort and may produce a radiating pain and 
digital numbness. The symptomatic pronator teres 
muscle may be fi rm to palpation compared with the 
other side. The contour of the forearm may be de-
pressed, caused by the thickening of the lacertus fi bro-
sus. Distinctive fi ndings are weakness of both the in-
trinsic muscles of the hand supplied by the median 

nerve and the muscles proximal to the wrist and in the 
forearm with tenderness, Tinel sign over the point of 
entrapment, and absence of Phalen sign. Pain may be 
elicited by pronation of the forearm, elbow fl exion, or 
even contraction of the superfi cial fl exor of the second 
digit. Sensory examination fi ndings are usually poorly 
defi ned but may involve not only the median nerve 
distribution of the digits but also the thenar region of 
the palm because of involvement of the palmar cuta-
neous branch of the median nerve. Deep tendon re-
fl exes and cervical examination fi ndings should be 
normal.5,10-16

Anterior Interosseous Syndrome
To test the muscles that the anterior interosseous nerve 
innervates,2,3 the clinician braces the metacarpophalan-
geal joint of the index fi nger and the patient is asked to 
fl ex only the distal phalanx. This isolates the action of 
the fl exor digitorum profundus on the terminal phalanx 
and eliminates the action of the fl exor digitorum super-
fi cialis. There is no terminal phalanx fl exion if the ante-
rior interosseous nerve is injured.

Another useful test is to ask the patient to make the 
“OK” sign.17 In anterior interosseous syndrome, the 
distal interphalangeal joint cannot be fl exed, and this 

Median nerve 

Pronator teres m. 

Ulnar head 
Humeral head 

Flexor sublimis m. 

Ulnar head of 
pronator teres 

Sublimis 
bridge 

Abnormal 
band

Median nerve 

FIGURE 20-1. The median nerve is shown descending beneath the 
sublimis bridge after traversing the space between the two heads of 
the pronator teres. The nerve is compressed at the sublimis bridge. 
(Reprinted with permission from Kopell HP, Thompson WAL. Pronator 
syndrome: a confi rmed case and its diagnosis. N Engl J Med 1958;259:
713-715.)

Biceps brachii 

Lacertus fibrosus

Anterior 
interosseous n. 

Flexor pollicis longus 

Median n. 

Sublimis arch 

Flexor digitorum 
sublimis 

Pronator quadratus 

FIGURE 20-2. Course of the median nerve and its anterior interosseous 
branch.
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results in the index fi nger’s remaining relatively straight 
during this test (Fig. 20-3). The patient is asked to 
forcefully approximate the fi nger pulps of the fi rst and 
second digits. The patient with weakness of the fl exor 
pollicis longus and digitorum profundus muscles can-
not touch with the pulp of the fi ngers, but rather the 
entire volar surfaces of the digits are in contact. This is 
due to the paralysis of the fl exor pollicis longus and 
fl exor digitorum profundus of the second digit. The 
pronator quadratus is diffi cult to isolate clinically, but 
an attempt can be made by fl exing the forearm and ask-
ing the patient to resist supination. Sensation and deep 
tendon refl exes should be normal.5,10-16

FUNCTIONAL LIMITATIONS
Pronator Teres Syndrome
In pronator teres syndrome, there is clumsiness, loss of 
dexterity, and a feeling of weakness in the hand. This 
may lead to functional limitations both at home and at 
work. Repetitive elbow motions, such as hammering, 
cleaning fi sh, serving tennis balls, and rowing, are most 
likely to provoke symptoms.

Anterior Interosseous Syndrome
As weakness develops in anterior interosseous syn-
drome, there is loss of dexterity and pinching motion 
with diffi culty picking up small objects with the fi rst 
two digits. Activities of daily living, such as buttoning 
shirts and tying shoelaces, can be impaired. Patients 
may have diffi culty with typing, handwriting, cooking, 
and so on.

DIAGNOSTIC STUDIES
Pronator Teres Syndrome
Electrodiagnostic testing (nerve conduction studies and 
electromyography) is the “gold standard” for confi rming 
pronator teres syndrome.1,17 Nerve conduction studies 
may be abnormal in the median nerve distribution; how-
ever, the diagnosis may be best established by electro-
myographic studies demonstrating membrane instability 
(including increased insertional activity, fi brillation and 
positive sharp waves at rest, wide and high amplitude 
polyphasics on minimal contraction, and decreased re-
cruitment pattern on maximal contraction) of the me-
dian nerve muscles below and above the wrist in the 
forearm, but with sparing of the pronator teres.17,18 Imaging 
studies (e.g., radiography, computed tomography, sonog-
raphy, and magnetic resonance imaging) are used to 
exclude alternative diagnoses.19-24

Anterior Interosseous Syndrome
Electrodiagnostic studies may also help establish the 
diagnosis of anterior interosseous syndrome.3 In gen-
eral, routine motor and sensory studies are normal. The 
most appropriate technique is surface electrode record-
ing from the pronator quadratus muscle with median 
nerve stimulation at the antecubital fossa. On electro-
myography, fi ndings of membrane instability are re-
stricted to the fl exor pollicis longus, fl exor digitorum 
profundus (of the second and third digits), and prona-
tor quadratus.7,18

Again, imaging studies are useful in excluding other 
diagnoses.19-22

A B

FIGURE 20-3. The anterior interosseous nerve innervates the fl exor pollicis longus as well as the fl exor digitorum profundus to the index and long 
fi ngers. A, It is responsible for fl exion of the thumb interphalangeal joint and the index fi nger distal interphalangeal joint. B, An injury to the median 
nerve high in the forearm or to the anterior interosseous branch of the median nerve results in inability to forcefully fl ex these joints. (From Concan-
non MJ. Common Hand Problems in Primary Care. Philadelphia, Hanley & Belfus, 1999:137, with permission.)

Ch20_109-114-X4007.indd 111Ch20_109-114-X4007.indd   111 3/17/08 6:03:52 PM3/17/08   6:03:52 PM



112 M U S C U L O S K E L E T A L  D I S O R D E R S :  E L B O W  A N D  F O R E A R M

TREATMENT
Initial

Pronator Teres Syndrome

Treatment is initially conservative, with rest and avoid-
ance of the offending repetitive trauma.2,4 Nonsteroidal 
anti-infl ammatory drugs may help with pain and infl am-
mation. Analgesics may be used for pain. Low-dose tricy-
clic antidepressants may be used for pain and to help 
with sleep. Antiseizure medications are also often used 
for neuropathic pain (e.g., carbamazepine, gabapentin).

Anterior Interosseous Syndrome

Treatment of the anterior interosseous syndrome de-
pends on the cause.2,3 Penetrating wounds require im-
mediate exploration and repair. Impending Volkmann 
contracture demands immediate decompression. In 
spontaneous cases associated with specifi c occupa-
tions, a trial of nonoperative therapy is indicated. If 
spontaneous improvement does not occur by 6 to 
8 weeks, consideration should be given to surgical ex-
ploration. Conservative management includes avoid-
ing the activity that exacerbates the symptoms. Phar-
macologic treatment is similar to that for pronator 
teres syndrome.

Rehabilitation

Pronator Teres Syndrome

A splint that can put the thumb in an abducted, op-
posed position, such as a C bar or a thumb post-static 
orthosis, can be used (Fig. 20-4).6,7,9 Taping of the index 
and middle fi ngers in a buddy splint to stabilize the lack 
of distal interphalangeal fl exion may be helpful.9

Rehabilitation may include modalities such as ultra-
sound, electrical stimulation, iontophoresis, and phono-
phoresis. The patient can be instructed in ice massage as 
well. Once the acute symptoms have subsided, physical 
or occupational therapy can focus on exercises to im-
prove forearm fl exibility, muscle strength responsible for 
thumb abduction, opposition, and wrist radial fl exion.

Anterior Interosseous Syndrome

Resting the arm by immobilization in a splint may be 
tried (Fig. 20-5).25 If the symptoms subside, conserva-
tive physical or occupational therapy, including physical 
modalities as previously described and exercises to im-
prove strength and function of the pronator quadratus, 
fl exor digitorum profundus, and fl exor pollicis longus, 
can be initiated.9

Procedures
In both anterior interosseous and pronator teres syn-
dromes, a median nerve block may be attempted26

(Figs. 20-6 and 20-7).

Surgery

Pronator Teres Syndrome

If symptoms fail to resolve, surgical release of the prona-
tor teres muscle and any constricting bands (ligament of 
Struthers and lacertus fi brosus) should be considered 
with direct exploration of the area. An S-shaped incision 
is typically used to extensively expose the entire median 
nerve from the forearm to the hand.27

Anterior Interosseous Syndrome

If spontaneous improvement does not occur by 6 to 
8 weeks, consideration should be given to surgical explo-
ration. The surgical technique for exploration is exposure 

FIGURE 20-4. A typical splint used in pronator teres syndrome.

FIGURE 20-5. A typical splint used in anterior interosseous syndrome.

Differential Diagnosis

Pronator Teres Syndrome

Carpal tunnel syndrome

Cervical radiculopathy, particularly lesions affecting 
C6 or C7

Thoracic outlet syndrome with involvement of the 
medial cord

Elbow arthritis

Epicondylitis

Anterior Interosseous Syndrome

Paralytic brachial plexus neuritis

Entrapment or rupture of the tendon of the fl exor 
pollicis longus

Rupture of the fl exor pollicis longus and fl exor digito-
rum profundus
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of the median nerve directly beneath the pronator teres 
or separation of this muscle from the fl exor carpi radialis, 
identifi cation of the anterior interosseous nerve, and re-
lease of the offending structures.

If surgical decompression was performed and failed to 
resolve the weakness, tendon transfers may be considered 
after a more proximal fascicular lesion is ruled out.27

POTENTIAL DISEASE COMPLICATIONS
Pronator Teres Syndrome
Disease-related complications, if the condition is left 
unresolved, include permanent loss of the use of the 
pinch grasp, lack of wrist fl exion, and incessant pain.

Anterior Interosseous Syndrome
If it is allowed to persist, this syndrome will cause in-
ability to perform the pinch grasp, resulting in the func-
tional defi cits mentioned before.

POTENTIAL TREATMENT 
COMPLICATIONS
Use of anti-infl ammatory medications such as non-
steroidal anti-infl ammatory drugs can induce gastric, 
renal, and hepatic side effects. Local steroid injections 
can induce skin depigmentation, local atrophy, or infec-
tion. Surgical complications include infection, bleeding, 
and injury to surrounding structures.

Pronator teres m.

Medial
epicondyle

Brachial a.

Median n.

Bicipital
aponeurosis

FIGURE 20-6. Pronator teres nerve block. At the elbow crease, make a 
mark at the midpoint between the medial epicondyle and the biceps 
tendon. Then, under sterile conditions, insert a 25-gauge, 11⁄2 -inch dis-
posable needle into the pronator teres muscle approximately 2 cm be-
low the mark or at the point of maximal tenderness in the muscle. Con-
fi rmation of needle placement can be made by a nerve stimulator. Then, 
inject 3 to 5 mL of a corticosteroid-anesthetic solution (e.g., 2 mL of 
methylprednisolone [40 mg/mL] combined with 2 mL of 1% lidocaine). 
Postinjection care may include icing for 10 to 15 minutes and splinting of 
the wrist and forearm in a functional position for a few days. Also, the 
patient should be cautioned to avoid aggressive use of the arm for at 
least 1 to 2 weeks. (Reprinted with permission from Lennard TA. Pain 
Procedures in Clinical Practice, 2nd ed. Philadelphia, Hanley & Belfus, 
2000:98.)

FIGURE 20-7. Anterior interosseous nerve block. The anterior interosse-
ous nerve can be blocked by either an anterior or a posterior approach. For 
the posterior approach, the posterior elbow is exposed and the forearm is 
placed in neutral. Under sterile conditions with use of a 2-inch, 25-gauge 
disposable needle, inject 3 to 5 mL of a corticosteroid-anesthetic solution 
(e.g., 2 mL of methylprednisolone [40 mg/mL] combined with 2 mL of 1% 
lidocaine) approximately 5 cm distal to the tip of the olecranon. The needle 
should penetrate about 3.5 to 5 cm toward the biceps tendon insertion at 
the radius. A nerve stimulator is necessary to ensure proper placement. 
Postinjection care is similar to that of the pronator teres nerve block. (Re-
printed with permission from Lennard TA. Pain Procedures in Clinical 
Practice, 2nd ed. Philadelphia, Hanley & Belfus, 2000:99.)
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DEFINITION
Olecranon bursitis is a swelling of the subcutaneous, 
synovium-lined sac that overlies the olecranon process. 
The bursa functions to cushion the tip of the olecranon 
and to reduce friction between the olecranon and the 
overlying skin during elbow motion. Because of the 
paucity of soft tissue covering the elbow, the olecranon 
bursa is susceptible to injury.

The causes of olecranon bursitis can be classifi ed as trau-
matic, infl ammatory, septic, and idiopathic.1 Traumatic 
bursitis may result from a single, direct blow to the el-
bow or from repetitive stress. Football players, particu-
larly those who play on artifi cial turf, are at risk for de-
velopment of acute bursitis. More commonly, repeated 
minor trauma from direct pressure on the elbow or el-
bow motion is responsible for the problem. Trauma is 
thought to stimulate increased vascularity, resulting in 
bursal fl uid production and fi brin coating of the bursal 
wall.2 Persons engaged in certain occupations or certain 
activities are susceptible to olecranon bursitis, including 
auto mechanics, gardeners, plumbers, carpet layers, 
students, gymnasts, wrestlers, and dart throwers. Inter-
estingly, approximately 7% of hemodialysis patients 
develop olecranon bursitis.3 Repeated, prolonged posi-
tioning of the elbow and anticoagulation appear to be 
contributing factors.

Infl ammatory causes include diseases that affect the 
bursa primarily, such as rheumatoid arthritis, gout, and 
chondrocalcinosis. Olecranon bursitis is commonly 
seen in rheumatoid patients, in whom the bursa may 

actually communicate with the affected elbow joint. 
Crystal-induced olecranon bursitis may be diffi cult to 
differentiate from septic bursitis.

Septic olecranon bursitis represents 20% of olecranon 
bursitis.4 The source is most often transcutaneous, and 
about half have identifi able breaks in the skin. When 
culture samples are positive, the bursal fl uid usually 
contains Staphylococcus aureus.5 Sepsis is unusual. Both 
underlying bursal disease (gout, rheumatoid arthritis, 
chondrocalcinosis) and systemic conditions such as dia-
betes mellitus, uremia, alcoholism, intravenous drug 
use, and steroid therapy are considered predisposing 
factors. There appears to be a seasonal trend, with a 
peak of staphylococcal septic bursitis during the sum-
mer months.6

In approximately 25% of cases, no identifi able cause of 
the olecranon bursitis is found. Presumably, repetitive, 
minor irritation is responsible for the bursal swelling.

SYMPTOMS
Painless swelling is the chief complaint in noninfl am-
matory, aseptic olecranon bursitis. When patients are 
symptomatic, they usually have discomfort when the 
elbow is fl exed beyond 90 degrees and have trouble rest-
ing on the elbow. Moderate to severe pain is the pre-
dominant complaint of patients with septic or crystal-
induced olecranon bursitis. These patients may also 
have fever, malaise, and limited elbow motion.

PHYSICAL EXAMINATION
The physical examination varies somewhat, depending on 
the underlying condition. With noninfl ammatory aseptic 
bursitis, a nontender fl uctuant mass is present over the tip 
of the elbow (Fig. 21-1). Elbow motion is usually full and 
painless. With chronic bursitis, the fl uctuance may be re-
placed with a thickened bursa (Fig. 21-2).

The distinction between crystal-induced and septic bursi-
tis may be subtle. Both conditions may produce tender 
fl uctuance, induration, swelling, warmth, and local ery-
thema. Elbow fl exion may be somewhat limited, although 
not as limited as with septic arthritis of the elbow joint. 

Synonyms
Miner’s elbow
Student’s elbow
Draftsman’s elbow
Dialysis elbow
Elbow bursitis

ICD-9 Code
726.23 Olecranon bursitis
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Fever and a break in the skin over the elbow are important 
clues to an underlying septic process (Fig. 21-3). Cellulitis 
extending distally along the forearm is also more likely to 
be due to an infection.

In infl ammatory cases, pain inhibition may produce 
mild weakness of elbow fl exion and extension. Sensa-
tion and distal pulses are unaffected. Examination fi nd-
ings of other joints should also be normal.

FUNCTIONAL LIMITATIONS
Functional limitations depend on the underlying diag-
nosis. Traumatic olecranon bursitis usually causes mini-
mal functional limitation. Patients may note some mild 
discomfort with direct pressure over the tip of the elbow 
(e.g., when sitting at a desk or resting the arm on the 
armrest of a chair or in the car). With crystal-induced 
and septic bursitis, pain is the predominant issue. Pa-
tients may have trouble sleeping and have diffi culty 
with most activities of daily living that involve the af-
fected extremity (e.g., dressing, grooming, cleaning, 
shopping, and carrying packages).

DIAGNOSTIC STUDIES
The diagnosis of aseptic, noninfl ammatory olecranon 
bursitis is usually straightforward, based on a charac-
teristic appearance on physical examination. In this 
setting, additional studies are not usually necessary. 
However, plain radiographs may demonstrate an olec-
ranon spur in about one third of cases (Fig. 21-4). Be-
cause this is an extra-articular process, a joint effusion 
is not present.

If crystal-induced or septic bursitis is suspected, aspira-
tion of the bursal fl uid is usually indicated. The fl uid 
should be sent for cell count, Gram stain and culture, 
and crystal analysis. Acute, traumatic bursal fl uid typi-
cally has a serosanguineous appearance, containing 
fewer than 1000 white blood cells per high-power fi eld, 
with a predominance of monocytes. Infected bursal 
fl uid usually contains an increased white blood cell 
count, with a high percentage of polymorphonuclear 
cells. The Gram stain is positive in only 50% of septic 

FIGURE 21-1. Atraumatic olecranon bursitis in a 55-year-old woman. A 
large fl uctuant mass is present.

FIGURE 21-2. Chronic gouty olecranon bursitis. The prominence at the 
tip of the elbow is fi rm with thinning of the overlying skin.

FIGURE 21-3. Septic olecranon bursitis. Cellulitis is present over a wide 
area. The white scab at the tip of the elbow represents the site of the 
penetrating injury. Distally, the draining area of granulation tissue devel-
oped at the site of needle aspiration. Aspiration of the bursa should be 
done by use of a long needle inserted well away from the fl uctuant area.

FIGURE 21-4. Lateral radiograph of the elbow in a patient with chronic 
olecranon bursitis. Note the olecranon spur.
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cases. Even in the setting of infection, the fl uid should 
be examined under a polarizing microscope because 
simultaneous infectious and crystal-induced arthritis 
can occur.7

A complete blood cell count and determination of se-
rum uric acid level may provide supportive information 
in confusing cases, although a normal serum white 
blood cell count does not preclude septic bursitis.

Magnetic resonance imaging may be of some value to 
distinguish septic from nonseptic olecranon bursitis, al-
though there is considerable overlap of fi ndings.8 Ab-
sence of bursal and soft tissue enhancement is consistent 
with nonseptic olecranon bursitis. Olecranon marrow 
edema is suggestive but not diagnostic of septic olecra-
non bursitis. The use of magnetic resonance imaging 
may also help clarify the diagnosis of unusual masses 
around the elbow.

TREATMENT
Initial
Treatment of traumatic olecranon bursitis begins with 
prevention of further injury to the involved elbow. An 
elastic elbow pad provides compression and protects 
the bursa. The patient should be counseled in ways of 
protecting the elbow at work and during recreation. 
Nonsteroidal anti-infl ammatory drugs are usually pre-
scribed. Traumatic, noninfl ammatory bursitis usually 
resolves with this treatment.9 On occasion, when the 
bursa is very large, aspiration of the bloody fl uid will be 
a fi rst-line treatment. This is followed by application of 
a compressive wrap and splint for several days.

In suspected cases of septic olecranon bursitis, it is im-
portant to palpate for fl uctuance. If a fl uid collection is 
appreciated, the bursa should be aspirated (see the 
section on procedures). When cellulitis over the tip of 
the elbow is present without an obvious collection, em-
pirical treatment with antibiotic therapy to cover peni-
cillin-resistant S. aureus, the most common offender, is 
recommended. (Less common organisms include group 
A streptococcus and Staphylococcus epidermidis.) The de-
cision whether to use oral or intravenous antibiotics 
depends on the appearance of the elbow, the signs of 
systemic illness, and the general health of the patient. 
The elbow should be splinted in a semifl exed position 
(approximately 60 degrees) without pressure on the 

olecranon. Nonsteroidal anti-infl ammatory drugs may 
be prescribed unless they are contraindicated for em-
pirical treatment of gout and pseudogout. When fi nal 
culture results return, the antibiotic therapy is adjusted 
appropriately. Outpatient cases are observed closely, 
with any changes in the size of the bursa and the quality 
of the overlying skin noted; oral antibiotic therapy 
should continue for at least 10 days.

Patients with extensive infection or underlying bursal dis-
ease, systemic disease, or immunosuppression and outpa-
tients refractory to oral treatment should be treated with 
an intravenous cephalosporin. In one study, the average 
duration of intravenous therapy was 4.4 days if symptoms 
had been present for less than 1 week and 9.2 days if 
symptoms had been present for longer than 1 week.10 The 
conversion to oral antibiotics should occur only after con-
sistent improvement is seen in the appearance of the pa-
tient and the elbow. Serial aspirations may also constitute 
part of the therapy; alternatively, some clinicians use a 
suction irrigation system placed into the bursa. We recom-
mend surgical consultation if the bursitis has failed to 
improve within several days of appropriate management.

Rehabilitation
Because the process is extra-articular, permanent el-
bow stiffness is not usually a problem. Physical or 
occupational therapy for gentle range of motion may 
be indicated once the olecranon wound has clearly 
healed. Extreme fl exion should be avoided early on 
because this position puts tension on the already 
compromised skin. If prolonged immobilization is 
necessary to permit the soft tissues to heal, therapy 
may include range of motion and strengthening of the 
arm and forearm.

Patients who have traumatic or recurrent olecranon bur-
sitis should be counseled in ways to modify their home 
and work activities to eliminate irritation to the bursa. 
This might include the use of ergonomic equipment 
such as forearm rests (also called data arms) that do not 
contact the elbow. In some instances, vocational retrain-
ing may be indicated.

Procedures
Needle aspiration is therapeutic as well as diagnostic 
and usually reduces symptoms (Fig. 21-5). It can be 
performed for patients with traumatic bursitis if they 
have symptoms compromising their regular activities 
and should be done (as previously described) for pa-
tients in whom infl ammatory or septic causes are 
suspected.

The elbow is prepared in a sterile fashion. The skin is 
infi ltrated locally with 1% lidocaine (Xylocaine). To 
minimize the risk of persistent drainage after aspiration, 
it is recommended to insert a long 18-gauge needle at a 
point well proximal to the tip of the elbow. The bursa 
should be drained as completely as possible. The fl uid 
should be sent for Gram stain, culture and sensitivity, 
cell count, and crystal analysis.

Differential Diagnosis

Rheumatoid nodule

Lipoma

Tophus

Elbow synovitis

Olecranon spur
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Postinjection care includes local icing for 10 to 20 min-
utes. A sterile compressive dressing is then applied, fol-
lowed by an anterior plaster splint that maintains the 
elbow in 60 degrees of fl exion.

Corticosteroid injections into the bursa have been 
shown to hasten the resolution of traumatic and crystal-
induced olecranon bursitis.11 However, the risk of com-
plications is high, including infection, skin atrophy, and 
chronic local pain. Consequently, the routine use of 
steroid injections for olecranon bursitis is not recom-
mended.

Surgery
Surgery is rarely indicated for traumatic olecranon bursi-
tis. Chronic drainage of bursal fl uid is the most common 
indication for surgery.1 Bursectomy is conventionally 
done through an open technique, although a recently 
developed arthroscopic method has shown some prom-
ise. Surgery is usually curative for both traumatic and 
septic bursitis. However, the success rates are very differ-
ent for patients with rheumatoid arthritis—surgery pro-
vides successful relief for 5 years in only 40% of patients 
with rheumatoid arthritis versus 94% of nonrheumatoid 
patients.12

After surgery, suction drains are often placed for several 
days. Splinting of the elbow at 60 degrees of fl exion or 
greater for 2 weeks is thought to help prevent recur-
rence.

POTENTIAL DISEASE COMPLICATIONS
Septic bursitis poses the greatest threat with regard to 
disease complications. If it is neglected, the infection may 
thin the overlying skin and eventually erode through it 
(Fig. 21-6). This complication is quite diffi cult to manage, 
often requiring extensive débridement and fl ap coverage. 
Persistent infection can also result in osteomyelitis of the 

olecranon process. Immunocompromised patients are at 
risk for sepsis from olecranon bursitis. Necrotizing fasci-
itis originating from a septic olecranon bursitis, although 
rare, may prove to be fatal.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Persistent drain-
age from a synovial fi stula is an uncommon complica-
tion of aspiration of the olecranon bursa; however, this 
problem is serious enough to discourage the routine 
aspiration of olecranon bursal fl uid in noninfl amma-
tory conditions. Complications of steroid injection, as 
described earlier, can be serious. In addition, wound 
problems are the major complication associated with 
surgical treatment of olecranon bursitis. Because of the 
superfi cial location of the olecranon and the tenuous 
blood supply of the overlying skin, wound healing can 
be diffi cult. Malnourished and chronically ill patients 
are especially at risk for surgical complications.

Radial head 

Olecranon 

Lateral epicondyle 

FIGURE 21-5. Approach for olecranon aspiration and injection.

FIGURE 21-6. Untreated septic bursitis with a large olecranon ulcer. The 
periosteum of the olecranon is visible in the wound. This problem is dif-
fi cult to manage and often requires fl ap coverage.
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DEFINITION
The radial nerve originates from the C5 to T1 roots. 
These nerve fi bers travel along the upper, middle, and 
lower trunks. They continue as the posterior cord and 
terminate as the radial nerve.

The radial nerve is prone to entrapment in the axilla 
(crutch palsy), the upper arm (spiral groove), the fore-
arm (posterior interosseous nerve), and the wrist (chei-
ralgia paresthetica). Radial neuropathies can result from 
direct nerve trauma, compressive neuropathies, neuritis, 
or complex humerus fractures.1

In the proximal arm, the radial nerve gives off three 
sensory branches (posterior cutaneous nerve of the arm, 
lower lateral cutaneous nerve of the arm, and posterior 
cutaneous nerve of the forearm). The radial nerve sup-
plies a motor branch to the triceps and anconeus before 
wrapping around the humerus in the spiral groove, a 
common site of radial nerve injury. The nerve then sup-
plies motor branches to the brachioradialis, the long 
head of the extensor carpi radialis, and the supinator. 
Just distal to the lateral epicondyle, the radial nerve di-
vides into the posterior interosseous nerve (a motor 
nerve) and the superfi cial sensory nerve (a sensory 
nerve). The posterior interosseous nerve supplies the 
supinator muscle and then travels under the arcade of 
Frohse (another potential site of compression) before 
coursing distally to supply the extensor digitorum com-

munis, extensor digiti minimi, extensor carpi ulnaris, 
abductor pollicis longus, extensor pollicis longus, ex-
tensor pollicis brevis, and extensor indicis proprius. The 
superfi cial sensory nerve supplies sensations to the dor-
sum of the hand, excluding the fi fth and medial aspect 
of the fourth digit, which is supplied by the ulnar nerve 
(Fig. 22-1).

SYMPTOMS
Symptoms of radial neuropathy depend on the site of 
nerve entrapment2 (Table 22-1). A Tinel sign may be 
present at the site of compression. In the axilla, the en-
tire radial nerve can be affected. This may be seen in 
crutch palsy if the patient is improperly using crutches in 
the axilla instead of distal to the axilla. With this type of 
injury, the median, axillary, or suprascapular nerves may 
also be affected. All radially innervated muscles (includ-
ing the triceps) as well as sensation in the posterior arm, 
forearm, and dorsum of the hand may be affected.

The radial nerve is especially prone to injury in the spi-
ral groove (also known as Saturday night palsy or hon-
eymooner’s palsy). Symptoms include weakness of all 
radially innervated muscles except the triceps and sen-
sory changes in the posterior arm and hand. In the 
forearm, the radial nerve is susceptible to injury as it 
passes through the supinator muscle and the arcade of 
Frohse. Because the superfi cial radial sensory nerve 
branches before this area of impingement, sensation 
will be spared. The patient will complain of weakness in 
the wrist and fi nger extensors. On occasion, the superfi -
cial radial sensory nerve is entrapped at the wrist, usu-
ally as a result of lacerations at the wrist or a wristwatch 
that is too tight. In this situation, the symptoms will be 
sensory, involving the dorsum of the hand.

PHYSICAL EXAMINATION
The fi ndings on physical examination depend on where 
the injury is along the anatomic course of the nerve. In-
jury in the axilla will lead to weakness in elbow extension, 
wrist extension, and fi nger extension. There is usually ra-
dial deviation of the wrist with extension, as the fl exor 
carpi radialis (which is innervated by the median nerve) is 

Synonyms
Radial nerve palsy
Radial nerve compression
Wristdrop neuropathy
Finger or thumb extensor paralysis
Saturday night palsy
Supinator syndrome
Radial tunnel syndrome
Cheiralgia paresthetica

ICD-9 Code
354.3 Lesion of the radial nerve
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not affected. The entire sensory distribution of the radial 
nerve will be affected. If the injury is in the spiral groove, 
the examination fi ndings will be the same, except that 
triceps function will be spared. Radial neuropathy in the 
forearm will usually result in sparing of sensory functions. 
If the nerve is entrapped in the supinator muscle, supina-
tor strength should be normal. This is because the branch 
to innervate the supinator muscle is given off proximal to 
the muscle. The patient will have radial deviation with 
wrist extension and weakness of fi nger extensors. Injury to 
the superfi cial radial sensory nerve will result in paresthe-
sias or dysesthesias over the radial sensory distribution in 
the hand.

FUNCTIONAL LIMITATIONS
Functional limitation also depends on the level of the 
lesion. In high radial nerve palsy, wrist and fi nger exten-
sion are impaired. However, the inability to stabilize the 
wrist in extension leads to the main functional limita-
tion. The loss of the power of the wrist and fi nger exten-
sors destroys the essential reciprocal tenodesis action 
vital to the normal grasp and release pattern of the hand 
and results in ineffective fi nger fl exion function. Activi-
ties such as gripping or holding objects will therefore be 
impaired. The sensory loss associated with radial nerve 
palsy is of lesser functional consequence compared with 
that of median or ulnar nerve lesions. Sensory loss is 
limited to the dorsoradial aspect of the hand, and this 
leaves the more functionally important palmar surface 
intact. Pain from posterior interosseous nerve entrap-
ment can be disabling enough to limit the function of 
the involved extremity.

DIAGNOSTIC STUDIES
Electrodiagnostic testing (electromyography and nerve 
conduction studies) is usually the most useful test to as-
sess for radial neuropathies. This test can be used to diag-
nose, to localize, to prognosticate, and to rule out other 
nerve injuries. Radiography and magnetic resonance im-
aging can be used to rule out a mass (ganglion or tumor)3

or fracture4,5 as the reason for the radial neuropathy.

TREATMENT
Initial
Radial neuropathies from compression can be managed 
conservatively in nearly all cases. Elimination of offending 
factors, such as improper use of crutches, and avoidance 
of provocative activities are the fi rst steps in the treatment 
of radial neuropathy. Medications, including tricyclic 
agents, anticonvulsants, antiarrhythmics, topical solu-
tions, clonidine, and opioids, can be considered for pain 
management. Nonpharmaceutical treatments, including 
transcutaneous electrical nerve stimulation and acupunc-
ture, may be considered as adjuvants to medication.10
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FIGURE 22-1. Neural branching of the radial nerve. Its origin in the 
axilla to the termination of its motor and sensory branches is shown. 
The inset demonstrates the cutaneous distribution of the various sen-
sory branches of the radial nerve. (Reprinted with permission from 
Haymaker W, Woodhall B. Peripheral Nerve Injuries. Philadelphia, WB 
Saunders, 1953:265.)
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Rehabilitation
The main goals of rehabilitation are prevention of joint 
contractures, shortening of the fl exor tendons, and over-
stretching of the extensors while waiting for nerve recov-
ery. These goals can be achieved by range of motion exer-
cises, passive stretching, and proper splinting. Functional 
splinting can make relatively normal use of the hand pos-
sible. Dynamic splints use elastic to passively extend the 
fi nger at the metacarpophalangeal joints with the wrist 
immobilized in slight dorsifl exion. This provides stability 
to the wrist joint, passive extension of the digits by the 
elastic band, and active fl exion of the fi ngers. A splint 
designed at the Hand Rehabilitation Center in Chapel 
Hill, North Carolina, uses a static nylon cord rather than 
a dynamic rubber band to suspend the proximal phalan-
ges. The design simulates the tenodesis action of normal 
grasp and release pattern of the hand.

Postsurgical release of compression should be immedi-
ately followed by range of motion exercises and a nerve 
gliding program to prevent adhesions. Overly aggressive 
strengthening should be avoided during reinnervation. 
In tendon transfers, preoperative strengthening of the 
muscle to be transferred and postoperative muscle re-
education are vital to the success of the procedure.

Procedures
Local anesthetic blocks or injections of hydrocortisone 
can be used11 but are rarely necessary. Lateral epicondy-
litis may mimic posterior interosseous nerve entrap-
ment at the elbow. When lateral epicondylitis does not 
respond to conservative treatment, including injections 
of the lateral epicondyle, a diagnostic and therapeutic 
radial nerve injection at the elbow may be indicated.12

TABLE 22-1 Extensor Tendon Compartments—Wrist

Muscles Insertion Evaluation

Abductor pollicis longus Dorsal base of thumb metacarpal Bring thumb out to side

Extensor pollicis brevis Proximal phalanx of the thumb

Extensor carpi radialis longus
Extensor carpi radialis brevis

Dorsal base of index and middle metacarpals Dorsifl ex the wrist with the hand in a fi st and 
apply resistance radially

Extensor pollicis longus Distal phalanx of the thumb Hand fl at on table

Lift only thumb

Extensor digitorum communis Extensor hood and base of proximal 
phalanges of the ulnar four digits

Extend fi ngers with wrist in neutral

Extensor indicis proprius Extend index fi nger

Extensor digiti minimi Proximal phalanx of the little fi nger Straighten little fi nger with other fi ngers in fi st

Extensor carpi ulnaris Dorsal base of the fi fth metacarpal Wrist extension with ulnar deviation

From American Society for Surgery of the Hand. The Hand: Examination and Diagnosis. New York, Churchill Livingstone, 1983.

Differential Diagnosis

Cervical radiculopathy (C6, C7)

Brachial neuritis

Posterior cord brachial plexopathy

Upper or middle trunk brachial plexopathy

Extensor tendon rupture

Epicondylitis

de Quervain tenosynovitis

Wristdrop secondary to lead polyneuropathy

Posterior interosseous nerve mononeuropathy

Peripheral neuropathy

Axillary nerve injury

Tumor

Chondroma6

Hematoma

Carpal tunnel syndrome

Upper extremity extensor compartment syndrome

Ulnar neuropathy

Entrapment neuropathy due to chronic injection-
induced triceps fi brosis7

Superfi cial radial neuropathy caused by intravenous 
injection8

Neuropathy after vascular access cannulation for 
hemodialysis9
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Surgery
Surgical decompression may be required for patients 
who do not respond to conservative treatment or pa-
tients with severe nerve injury. Radial tunnel release 
has been advocated for compression neuropathies of 
the posterior interosseous nerve, but the results have 
been questionable.13 Surgical intervention for anasto-
mosis may be indicated in cases of complete radial 
injury (neurotmesis). Tendon transfers may be consid-
ered in these instances if the surgery is not performed 
or is not successful.14,15 Care must be exercised to 
avoid the radial sensory branch during operations in-
volving the wrist.11

POTENTIAL DISEASE COMPLICATIONS
Patients with incomplete recovery may suffer signifi cant 
functional loss in the upper extremity. Like any patient 
with nerve injury, they are at risk for development of 
complex regional pain syndrome (refl ex sympathetic 
dystrophy).16 Contractures and chronic pain may de-
velop as well.

POTENTIAL TREATMENT 
COMPLICATIONS
There are inherent risks with any surgery, including 
failure to correct the problem, infection, additional 
deformity, and death. Any injection or surgery involv-
ing the wrist should avoid the superfi cial radial sensory 
nerve as this could cause additional paresthesias or 
dysesthesias.
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Ulnar Neuropathy (Elbow) 23
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DEFINITION
The ulnar nerve is derived predominantly from the 
nerve roots of C8 and T1 with a small contribution from 
C7. The C8 and T1 fi bers form the lower trunk of the 
brachial plexus. The ulnar nerve is the continuation of 
the medial cord of the brachial plexus at the level of the 
axilla.

Ulnar neuropathy at the elbow is the second most com-
mon entrapment neuropathy. Only carpal tunnel syn-
drome (median neuropathy at the wrist) is more fre-
quent. The ulnar nerve is susceptible to compression at 
the elbow for several reasons. First, the nerve has a su-
perfi cial anatomic location at the elbow. Hitting the 
“funny bone” (ulnar nerve at the elbow) creates an un-
pleasant sensation that most people have experienced. 
If the ulnar nerve is susceptible to subluxation, further 
injury may result. Second, the nerve is prone to repeated 
trauma from leaning on the elbow or repetitively fl exing 
and extending the elbow. Poorly healing fractures at the 
elbow may damage this nerve. Finally, and perhaps 
most important, the ulnar nerve can become entrapped 
at the arcade of Struthers, in the cubital tunnel (ulnar 
collateral ligament and aponeurosis between the two 
heads of the fl exor carpi ulnaris; Fig. 23-1), or within 
the fl exor carpi ulnaris muscle. The nerve lengthens and 
becomes taut with elbow fl exion. In addition, there is 
decreased space in the cubital tunnel in this position. 
The volume of the cubital tunnel is maximal in exten-
sion and can decrease by 50% with elbow fl exion.1 The 
nerve may also become compromised after a distal hu-
merus fracture, either as a direct result of the fracture or 
because of an altered carrying angle of the elbow and 

decreased elbow extension (tardy ulnar palsy). Repeti-
tive or incorrect throwing can lead to damage of the 
ulnar nerve at the elbow.2 Biomechanical risk factors 
(repetitive holding of a tool in one position), obesity, 
and other associated upper extremity work-related mus-
culoskeletal disorders (especially medial epicondylitis 
and other nerve entrapment disorders) have also been 
associated with the development of ulnar neuropathy at 
the elbow.3

SYMPTOMS
If the ulnar nerve is entrapped at the elbow, both the 
dorsal ulnar cutaneous nerve (which arises just proxi-
mal to the wrist) and the palmar cutaneous branch of 
the ulnar nerve will be affected. Patients will therefore 
complain of numbness or paresthesias in the dorsal and 
volar aspects of the fi fth and ulnar side of the fourth 
digits. Hand intrinsic muscle weakness may be appar-
ent. In cases of severe ulnar neuropathy, clawing of the 
fourth and fi fth digits (with attempted hand opening) 
and atrophy of the intrinsic muscles may be noted. 
Symptoms may be exacerbated by elbow fl exion. Pain 
may be noted and may radiate proximally or distally.

PHYSICAL EXAMINATION
The ulnar nerve may be palpable in the posterior con-
dylar groove (posterior to the medial epicondyle) with 
elbow fl exion and extension. A Tinel sign may be pres-
ent at the elbow; however, it should be considered sig-
nifi cant only if the Tinel sign is absent on the nonaf-
fected side. The ulnar nerve may be felt subluxing with 
fl exion and extension of the elbow. Sensory defi cits 
may be noted in the fi fth and ulnar half of the fourth 
digits. Atrophy of the intrinsic hand muscles and hand 
weakness may be noted as well (although this is gener-
ally seen in more advanced cases). Wartenberg sign 
(abduction of the fourth and fi fth digits) may occur. 
The patient should be tested for Froment sign. Here, a 
patient is asked to grasp a piece of paper between the 
thumb and radial side of the second digit. The exam-
iner tries to pull the paper out of the patient’s hand. If 
the patient has injury to the adductor pollicis muscle 

Synonyms
Cubital tunnel syndrome
Tardy ulnar palsy
Ulnar neuritis
Compression of the ulnar nerve

ICD-9 Code
354.2 Lesion of ulnar nerve
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(ulnar innervated), the patient will try to compensate 
by using the median-innervated fl exor pollicis longus 
muscle (Fig. 23-2).

FUNCTIONAL LIMITATIONS
The patient with ulnar neuropathy at the elbow may 
have poor hand function and complain of dropping 
things or clumsiness. There may be diffi culty with ac-
tivities of daily living, such as dressing, holding a pen, 
or using keys.

DIAGNOSTIC STUDIES
Electrodiagnostic studies can help identify, localize, 
and gauge the severity of an ulnar nerve lesion at 
the elbow. The fi ndings of abnormal spontaneous 

potentials (fi brillations and positive sharp waves) in 
ulnarly innervated muscles on needle electromyo-
graphic study indicate axonal damage and portend a 
worse prognosis than with injury to the myelin only. 
Slowing of the ulnar nerve across the elbow or con-
duction block (a drop in compound motor action 
potential amplitude across the elbow) indicates my-
elin injury. These studies can also identify other areas 
of nerve compression that may accompany ulnar neu-
ropathy at the elbow. Radiographs of the elbow with 
cubital tunnel views can be obtained if fractures, 
spurs, arthritis, and trauma are suspected. In rare 
cases, magnetic resonance imaging4 with arthrography 
may be used to assess for tears in the ulnar collateral 
ligament or soft tissue disease.

Flexor carpi ulnaris

Medial epicondyle

Ulnar nerve Triceps

Ulnar collateral ligament

Flexor carpi ulnaris

FIGURE 23-1. The cubital tunnel. (Reprinted with permission from Bernstein J, ed. Musculoskeletal Medicine. Rosemont, Ill, American Academy of
Orthopaedic Surgeons, 2003:238.)

Abnormal Normal

FIGURE 23-2. Froment sign. (Reprinted with permission from Weiss L, 
Silver J, Weiss J, eds. Easy EMG. New York, Butterworth-Heinemann, 2004.)

Differential Diagnosis

Ulnar neuropathy at a location other than the elbow

C8-T1 radiculopathy

Brachial plexopathy (usually lower trunk)

Thoracic outlet syndrome

Elbow fracture

Elbow dislocation

Medial epicondylitis

Carpal tunnel syndrome
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TREATMENT
Initial
Treatment initially involves relative rest and protecting 
the elbow. Nonsteroidal anti-infl ammatory drugs may 
be prescribed. Elbow pads or night splinting in mild 
fl exion may be benefi cial. Treatment should be directed 
at avoidance of aggravating biomechanical factors, such 
as leaning on the elbows, prolonged or repetitive elbow 
fl exion, and repetitive valgus stress in throwing.

Rehabilitation
Successful rehabilitation of ulnar neuropathy at the el-
bow includes identifi cation and correction of biome-
chanical factors. This may include workstation modifi ca-
tions to decrease the amount of elbow fl exion, substitution 
of headphones for telephone handsets, and use of fore-
arm rests. Often, an elbow pad can be benefi cial; the pad 
protects the ulnar nerve and keeps the elbow in relative 
extension. A rehabilitation program should include 
strengthening of forearm pronator and fl exor muscles. 
Flexibility exercises should be instituted to maintain 
range of motion and to prevent muscle tightness. Ad-
vanced strengthening, including eccentric and dynamic 
joint stabilization exercises, can be added.5,6

Procedures
Procedures are not typically performed to treat ulnar 
neuropathy at the elbow.

Surgery
If conservative management has failed or if signifi cant 
damage to the ulnar nerve is evident, surgery may be 
considered.7-9 The type of surgery depends on the area 
of ulnar nerve injury and may involve release of the 
cubital tunnel, ulnar nerve transposition,10 decompres-
sion of the ulnar nerve,11 subtotal medial epicondylec-
tomy,12,13 or ulnar collateral ligament repair.

POTENTIAL DISEASE COMPLICATIONS
If ulnar neuropathy at the elbow is left untreated, com-
plications may include hand weakness, poor coordina-
tion, intrinsic muscle atrophy, sensory loss, and pain. In 
addition, fl exion contractures and valgus deformity may 
develop at the elbow.5

POTENTIAL TREATMENT 
COMPLICATIONS
The results of surgery depend on the extent of ulnar nerve 
compression, accuracy of identifying the site of compres-
sion, type of procedure, thoroughness of compression 

release, comorbid factors, degree of prior intrinsic muscle 
loss, and previous sensory loss.5,14-18 Nonsteroidal anti-
infl ammatory drugs may cause gastric, hepatic, or renal 
complications.
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de Quervain Tenosynovitis 24
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DEFINITION
Tenosynovitis is defi ned as infl ammation of a tendon 
and its enveloping sheath.7 de Quervain tenosynovitis is 
classically defi ned as a stenosing tenosynovitis of the 
synovial sheath of tendons of abductor pollicis longus 
and extensor pollicis brevis in the fi rst compartment of 
the wrist due to repetitive use2 (Fig. 24-1). Fritz de Quer-
vain fi rst described this condition in 1895.3 Histologic 
studies have found that this disorder is characterized by 
degeneration and thickening of the tendon sheath and 
that it is not an active infl ammatory condition.8

de Quervain described thickening of the tendon sheath 
compartment at the distal radial end of the extensor 
pollicis brevis and abductor longus.3 Extensor trigger-
ing, which is manifested by locking in extension, is rare 
but has also been reported in de Quervain disease with 
prevalence of 1.3%.1

Overexertion related to household chores and recre-
ational activities including piano playing, sewing, knit-
ting, typing, bowling, golfi ng, and fl y-fi shing have been 
reported to cause de Quervain tenosynovitis. Workers 
involved with fast repetitive manipulations such as 
pinching, grasping, pulling, or pushing are also at risk.6

For a majority of cases, the onset of de Quervain teno-
synovitis is gradual and not associated with a history of 
acute trauma, although several authors have noted trau-
matic etiology, such as falling on the tip of the thumb.6

de Quervain tenosynovitis primarily affects women 
(gender ratio approximately 10:1) between the ages of 
35 and 55 years. There is no predilection for right versus 
left side, and no racial differences have been observed.6

SYMPTOMS
Patients may complain of pain in the lateral wrist dur-
ing grasp and thumb extension.3 They may also describe 
pain with palpation over the lateral wrist.9 Symptoms 
are often persistent for several weeks or months, and 
there is often a history of chronic overuse of the wrist 
and the hand.10 Pain is the most prominent symptom 
quality, but some patients report stiffness or neuralgia-
like complaints; however, true paresthesia in the distri-
bution of the superfi cial radial nerve is uncommon.6

PHYSICAL EXAMINATION
On examination, the fi ndings of local tenderness and 
moderate swelling around the radial styloid are likely to 
be present.10 A positive Finkelstein test result can con-
fi rm the diagnosis.11 The Finkelstein test is performed by 
grasping the patient’s thumb and quickly abducting the 
hand in ulnar deviation4 (Fig. 24-2). Reproduction of 
pain is a positive test result. A similar test, described by 
Eichhoff in 1927, provides ulnar deviation while the 
patient is fl exing the thumb and curling fi ngers around 
it. Pain should disappear the moment the thumb is 
again extended, even if the ulnar abduction is main-
tained.3 The Eichhoff test is sometimes erroneously 
called the Finkelstein test. The Brunelli test maintains 
the wrist in radial deviation while forcibly abducting 
the thumb.3 Pain over the radial styloid from these pro-
vocative stretch maneuvers differentiates de Quervain 
tenosynovitis from arthritis of the fi rst metacarpal.9
Strength, particularly grip and pinch strength, may be 
decreased from pain or disuse secondary to pain.12

Strength and sensation are expected to be normal in de 
Quervain tenosynovitis. A comprehensive examination 
of the neck and entire upper extremity should be per-
formed before conduction of the wrist examination to 
rule out radiating pain from a more proximal problem, 
such as a herniated cervical disc.9

Synonyms
Washerwoman’s sprain1

Stenosing tenosynovitis2

Tenovaginitis3,4

Tendinosis5

Tendinitis6

Peritendinitis6

ICD-9 Codes
727.0  Synovitis and tenosynovitis
727.04 de Quervain tenosynovitis
727.05 Other tenosynovitis of hand and wrist
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FUNCTIONAL LIMITATIONS
Mechanically, functional impairment is believed to be 
caused by impaired gliding of the abductor pollicis lon-
gus or extensor pollicis brevis tendon due to a narrowed 
fi bro-osseous canal.6 Functional impairment of the 
thumb is a result of mechanical impingement or pain. 
Activities of daily living, such as diffi culty with dressing, 
can be affected; fastening of buttons often causes sig-
nifi cant pain. In addition, household chores can be 
limited secondary to pain. Limits in recreational activi-
ties, such as bowling, fl y-fi shing, sewing, and knitting, 
are also seen in de Quervain tenosynovitis. Workers 
with repetitive motions such as pushing or pulling in a 
factory setting are at risk for development of the condi-
tion, and therefore pain from the condition can have a 
signifi cant economic inpact.6

DIAGNOSTIC STUDIES
Tenosynovitis of the wrist is a clinical diagnosis, but 
some authors recommend obtaining a wrist radiograph 
to rule out other potential causes of wrist pain.6 Some 
clinicians report that relief of symptoms after injection 
of a local anesthetic into the fi rst dorsal compartment is 
often helpful as a diagnostic tool.6 When clinical fi nd-
ings are nondiagnostic, a bone scan can help confi rm a 
diagnosis.2 On ultrasound examination, tenosynovitis is 
characterized by hypoechoic fl uid distending the tendon 
sheath with infl ammatory changes within the tendon.13

TREATMENT
Initial
It is unclear whether conservative treatments are effective 
in de Quervain tenosynovitis. The current literature is 
limited to effectiveness of ice, nonsteroidal anti-
infl ammatory drugs (NSAIDs), heat, splints, strapping, 

Inflamed tendon 

Tendon sheath 

Swollen synovium 

FIGURE 24-1. de Quervain tenosynovitis of the fi rst extensor com-
partment.

FIGURE 24-2. The result of the Finkelstein test is positive when the pa-
tient has pain with full thumb fl exion and ulnar deviation of the wrist.

Differential Diagnosis

Carpal joint arthritis

Triscaphoid arthritis

Rheumatoid arthritis

Intersection syndrome

Radial nerve injury

Ganglion cyst

Cervical radiculopathy

Scaphoid fracture

Carpal tunnel syndrome

Radioscaphoid arthritis

Kienböck disease

Extensor pollicis longus tenosynovitis
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rest, and massage. In the research available, these tech-
niques seem to be ineffective in treatment of de Quervain 
tenosynovitis6; however, no randomized controlled study 
has been performed. One study compared splinting with 
rest and NSAID therapy. Only 14% of patients who were 
splinted were cured versus 0% with rest and NSAIDs.14

Rehabilitation
Goals of therapy are to reduce pain and to improve func-
tion of the affected hand. Classically, therapy includes 
physical modalities such as ice, heat, transcutaneous elec-
trical nerve stimulation, ultrasound, and iontophoresis.8
In addition, friction massage and active exercises have 
been employed.8 A thumb spica splint has been used for 
immobilization as well.15 A thumb spica splint is be-
lieved to be an effective way to manage symptoms 
because it inhibits gliding of the tendon through the ab-
normal fi bro-osseous canal.6 Research has been limited 
to the effectiveness of therapy in reduction of symptoms 
of de Quervain tenosynovitis. One small, randomized 
study demonstrated that patients with mild symptoms 
are more likely to improve with therapy and NSAIDs 
alone versus the majority of patients with moderate to 
severe symptoms not responding to therapy.15 Although 
steroid injection is the mainstay for treatment of de 
Quervain tenosynovitis, because of the benign profi le of 
therapy, it is reasonable to consider these less invasive 
approaches (such as ice, thumb spica splinting, and 
NSAIDs) when this disorder is fi rst treated.16

Procedure
Injection of local anesthetics and corticosteroids, with 
or without immobilization, became popular in the 
1950s.6 It is currently the most frequent treatment mo-
dality for patients with de Quervain tenosynovitis. In-
jection into the fi rst extensor compartment can relieve 
symptoms (see Fig. 24-2). One study described an 83% 
cure rate with injection.14 Interestingly, the same study 
compared injection with thumb splint immobilization, 
in which there was only a 61% cure rate. Care must be 
taken not to inject directly into a tendon.17

Surgery
Before 1950, surgery was considered the treatment of 
choice for de Quervain tenosynovitis. Now, with the 
success of injections, it is reserved for those whose injec-
tion therapy fails.18 Surgery involves incision of the 
skin, slitting or removal of a strip of the tendon sheath, 
closure of the skin, and application of a compression 
bandage that is removed in a week. The patient returns 
to normal activities after 2 to 3 weeks. On average, surgi-
cal success rates range from 83% to 92%.6

POTENTIAL DISEASE COMPLICATIONS
de Quervain tenosynovitis has been described as a 
vicious circle. It is postulated that increased friction is 
the likely pathogenetic mechanism. Because of fric-

tion, the tendon sheath becomes edematous, which 
can further increase friction. This can eventually lead 
to fi brosis of the tendon.6 The condition is character-
ized not by infl ammation6 but by thickening of the 
tendon sheath and most notably by the accumulation 
of mucopolysaccharide, an indicator of myxoid degen-
eration. These changes are pathognomonic of the con-
dition and are not seen in control tendon sheaths. The 
term stenosing tenovaginitis is a misnomer; de Quervain 
disease is a result of intrinsic, degenerative mecha-
nisms rather than of extrinsic, infl ammatory ones.19

POTENTIAL TREATMENT 
COMPLICATIONS
NSAIDs have well-known side effects that most com-
monly affect the gastric, hepatic, and renal systems. The 
most common immediate adverse reaction reported 
with injection was immediate pain at the injection site 
(35%), followed by immediate infl ammatory fl are reac-
tion (10%), temporary radial nerve paresthesia (4%), 
and vasovagal reaction (4%); 31% had late adverse re-
actions ranging from minimal skin color lightening to 
subcutaneous fat atrophy.6 In this study, no postinjec-
tion infection, bleeding, or tendon rupture was seen; 
however, this could be possible with any injection. 
With any type of steroid injection, there is a risk 
of bleeding. Repeated steroid injections have the poten-
tial to weaken the tendon and may cause a tendon 
rupture. Surgical treatment complications include ra-
dial nerve injury, incomplete retinacular release, and 
tendon subluxation.18
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DEFINITION
Dupuytren disease is a nonmalignant fi broproliferative 
disease causing progressive and permanent contracture 
of the palmar fascia; subsequent fl exion contracture 
usually begins with the fourth and fi fth digits on the 
ulnar side of the hand (Fig. 25-1). The eponym Cooper 
contracture has been suggested for Astley Cooper, who 
fi rst described the disease in 1822 and lectured and 
wrote extensively on it. A nodule in the palm is the pri-
mary lesion in Dupuytren contracture. It is a fi rm, soft 
tissue mass fi xed to both the skin and the deeper fascia. 
It is characterized histologically by dense, noninfl am-
matory, chaotic cellular tissue and appears on the ante-
rior aspect of the palmar aponeurosis.

The key cell response for tissue contraction in Dupuytren 
disease is thought to be the fi broblast and its differentia-
tion into a myofi broblast.1 This idiopathic activation hap-
pens in response to the fi brogenic cytokines interleukin-1, 
prostaglandin F2, prostaglandin E2, platelet-derived growth 
factor, connective tissue–derived growth factor, and, most 
important, transforming growth factor-� and fi broblast 
growth factor 2. As the nodule extends slowly, it induces 
shortening and tension on the longitudinal fascial bands 
of the palmar aponeurosis, resulting in cords of hypertro-
phied tissue. It is unique among ailments of the hand, 
and one could conceive of it as a focal autoimmune—
collagen vascular phenomenon. Dupuytren disease is 
believed to begin in the overlying dermis.2 Unlike the 
nodule, the cord is strikingly different histologically; it 
contains few or no myofi broblasts and few fi broblasts in 
a dense collagen matrix with less vascularity. Skin changes 
can be the earliest signs of Dupuytren disease, including 
thickening of the palmar skin and underlying subcutane-
ous tissue. Rippling of the skin can occur before the devel-
opment of a digital fl exion deformity.3

A controversy exists as to whether there is a relationship 
between Dupuytren disease and repetitive “micro-
trauma.”4 This suggestion has not held up under scru-
tiny, and it is now believed that microruptures are re-
lated to the contracture rather than a primary cause of 
it.5 Cessation of manual labor, like immobilization, can 
lead to acceleration of the disease, which has been 
noted in laborers after retirement.6 However, one self-
reported study seems to suggest that there may be an 
association with rock climbing in men.7

Dupuytren disease is known to have a genetic predispo-
sition and is believed to be inherited as an autosomal 
dominant trait with variable penetrance.8 Family history 
is often unreliable; many individuals are unaware that 
they have family members who have the diagnosis. Du-
puytren disease has been termed Viking disease9 be-
cause it has a high prevalence in areas that were popu-
lated by the Vikings and where the Vikings eventually 
migrated. It is rare in nonwhite populations. Dupuytren 
disease occurs more commonly in the elderly but tends 
to be associated with greater functional compromise in 
younger patients. Women are affected half as often as 
men are.10 There is no relationship to handedness; how-
ever, affected individuals tend to complain more fre-
quently about the dominant hand. Other associations 
with the condition include diabetes mellitus11 (specifi -
cally with an increased risk from diet-controlled diabe-
tes to sulfonylureas to metformin to insulin requiring), 
alcohol consumption,12 cigarette smoking,12,13 human 
immunodefi ciency virus infection,14 and antecedent 
Colles fracture. Confl icting reports exist for an associa-
tion with epilepsy, but antiepileptic drugs do not pre-
sent an increased risk.11,15

There are secondary fi ndings in Dupuytren disease that 
are rarely seen but when present suggest a strong Dupuy-
tren diathesis (genetic penetrance of the disease). These 
fi ndings include knuckle pads (Garrod nodes), plantar 
fascial disease, and contracture of the penile fascial enve-
lope (Peyronie disease). The contractile tissue in all of 
these conditions resembles the pathologic fi ndings of 
Dupuytren disease in the palm,16 and alterations in the 
expression of certain gene families, fi broblast to myofi -
broblast differentiation among others, are similar.17

However, these associated conditions are found in only 

Synonym
Dupuytren disease

ICD-9 Code
728.6 Dupuytren contracture
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an estimated 1% or less of patients with Dupuytren dis-
ease.18 All patients with the disease have a diathesis. The 
association with these conditions, as well as onset at an 
early age and family history, suggests that the diathesis is 
strong. Recognition of a strong diathesis is important for 
planning an appropriate rehabilitation protocol, includ-
ing long-term follow-up and awareness of possible poor 
prognosis and likelihood of recurrence with surgical 
treatment.

SYMPTOMS
Dupuytren disease typically has a painless onset and 
progression. Decreased range of motion, loss of dexter-
ity, and getting the hand “caught” when trying to place 
it in one’s pant-pocket are common presenting symp-
toms. Pain can be a result of concomitant injuries to the 
hand and fi ngers that can precede the development or 
worsening of Dupuytren disease. Abrasions or ecchy-
mosis to the distal interphalangeal and proximal inter-
phalangeal joints of the affected digits may be seen and 
may be the reason for the initial consultation. The pro-
gression of the condition is generally considered to be a 
result of immobility after an injury in a predisposed 
individual rather than of the injury itself.

PHYSICAL EXAMINATION
The most common fi rst sign of Dupuytren disease is a 
lump in the palm close to the distal palmar crease and 
in the axis of the ray of the fourth digit (ring fi nger) (Fig. 
25-2). It can also present in the digit, generally over the 
proximal phalanx. The thumb and index fi nger are the 
least affected of the fi ve digits. The nodule can be tender 
to palpation. In most cases, the skin is closely adherent 
to the nodule, and movement with tendon excursion 
often suggests other conditions, such as stenosing teno-
synovitis. The condition is more readily apparent when 
it presents in a more advanced stage with palmar nod-
ule, cord, and digital fl exion contracture. Conditions as-

sociated with this disease include fat pads at the knuck-
les as well as evidence of the disease in the plantar fascia. 
“Swan-neck” deformity as a dorsal variant of Dupuytren 
disease has been suggested.19 The examination should 
evaluate the entire upper limb for associated adhesive 
capsulitis. Determination of hemoglobin A1c or thyroid-
stimulating hormone values and autoimmune workup 
may be appropriate. Neurosensory examination fi nd-
ings, muscle stretch refl exes, and shoulder muscle bulk 
should be normal with normal manual motor testing.

FUNCTIONAL LIMITATIONS
The majority of individuals with this condition have 
little functional limitation. With more advanced con-
tracture, properly opening the palm while grasping can 
become diffi cult, making gripping activities such as ac-
tivities of daily living, opening cans, buttoning shirts, or 
placing keys in automotive ignitions troublesome.

DIAGNOSTIC STUDIES
The diagnosis of Dupuytren disease is generally made on 
a clinical basis. Biopsy is considered when a palmar soft 
tissue mass cannot be reliably differentiated from sar-
coma. The suspicion for this is higher in a younger indi-
vidual with no strong evidence of Dupuytren disease be-
cause sarcoma is more likely in younger age groups. 
Unfortunately, histologic differentiation is not always easy 
because a Dupuytren nodule can appear cellular with mi-
totic fi gures and closely resemble an aggressive sarcoma.

TREATMENT
Initial
Appropriate identifi cation of the purpose of the en-
counter with the patient is important. Clinical manifes-
tations of Dupuytren disease exist along a spectrum, 
and at the time of consultation, they may not be painful 

FIGURE 25-1. Typical appearance of ulnar palmar surface after surgical 
release; notice scarring and incomplete extension.

FIGURE 25-2. Dupuytren contracture of the ring fi nger.
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or functionally limiting. Many patients who seek con-
sultation for Dupuytren disease are merely looking for 
reassurance that they do not have a malignant neo-
plasm and are satisfi ed to learn that the contracture is 
not a sign of a more ominous disease.

Conventional noninvasive treatment has generally been 
of little or no value in the prevention of contracture or 
recurrence in Dupuytren disease. This includes the use 
of steroid injections, splinting, ultrasound, and non-
steroidal anti-infl ammatory medications. Radiotherapy, 
topical dimethyl sulfoxide, colchicine, and interferon 
have also been proposed but lack data demonstrating 
long-term effi cacy. Topical 5-fl uorouracil,20 topical im-
iquimod (Aldara),21 and oral simvastatin22 seem to tar-
get the underlying fi broblastic process and are slightly 
more promising, but long-term outcome studies do not 
exist. Traumatic rupture has never gained acceptance as 
a method of correcting fl exion contracture; however, 
anecdotal reports of individuals correcting their defor-
mity in such a fashion exist.23 Recurrence in true Du-
puytren disease would be expected. Continuous passive 
traction has been proposed by some for severely fl exed 
digit contractures24; however, this is used as a preopera-
tive adjunctive procedure and not done in isolation.

Ergonomic assessment and equipment modifi cation 
can be of use in some instances with laborers who are 
functionally limited by contracture. Tobacco abuse or 
excessive alcohol consumption should be addressed if 
applicable.

Rehabilitation
Rehabilitation efforts are minimal preoperatively and 
focus on adaptive equipment recommendations for 
work and home (e.g., large-handled tools for gripping). 
Splinting may be done by therapists with prefabricated 
or custom designs, but there is no controlled evidence 
that this delays contracture and does not affect the 

underlying pathohistologic changes. Continuous pas-
sive traction has been proposed by some for severely 
fl exed digit contractures25; however, this is used as a 
preoperative adjunctive procedure and not done in 
isolation.

Postoperative rehabilitation is needed to facilitate a sat-
isfactory outcome. The length of the rehabilitation gen-
erally refl ects the invasiveness of the surgical procedure; 
limited fasciotomies often involve a period of 4 to 
6 weeks, whereas more extensive surgery may necessi-
tate a formal rehabilitation process of up to 3 to 
6 months. Stretching, splinting in palmar extension, 
and continuous passive traction in some individuals are 
used early postoperatively. Strengthening and func-
tional activities are added later after incision healing. 
Again, splinting may be an option to prevent recur-
rence, and adaptive equipment recommendations can 
help with resumption of functions that involve gripping 
or repetitive hand use.

Procedures
Closed needle fasciotomy has been used25 but is prone 
to complications, including infection, nerve injury, and 
skin breakdown as well as recurrence.

Enzymatic fasciotomy with collagenase has more re-
cently shown promise for nonsurgical relief of contrac-
ture. Purifi ed collagenase is derived from Clostridium
histolyticum. This treatment has been used in the past for 
débridement of burns and skin ulcers as well as for Pey-
ronie disease.26 In vitro studies have shown effi cacy,27

and current clinical studies are ongoing.

Steroid injection into the palmar nodule can be a useful 
adjunct to fl atten the nodule. Concern for potential 
adverse effect on the underlying fl exor tendons has pre-
vented widespread use. Injection of collagenase into the 
central cord is gaining popularity. Care must be taken to 
avoid injection into the underlying fl exor tendons.28

Surgery
Appropriate selection is critical for patients considering 
surgical treatment. The potential for recurrence and 
worsening after surgery is high in patients with a strong 
diathesis. Recurrence is defi ned as the development of 
nodules and contracture in the area of previous surgery. 
Extension is the development of lesions outside of the 
surgical area where there had previously been no dis-
ease. All patients should be made aware that surgery is 
not curative of this disease and that recurrence and ex-
tension are likely at some time. Extensive recurrence is 
more likely if surgery is performed during the prolifera-
tive phase of the condition.

Nevertheless, many individuals have improved hand 
function after surgical treatment, compared with their 
preoperative status, for years on follow-up.29 The 
goals of surgical treatment, when it is indicated, are to 
improve function, to reduce deformity, and to prevent 
recurrence. Surgical indication is generally thought 
to include digital fl exion contracture of the proximal 

Differential Diagnosis

Fibromas

Lipomas

Epithelioid sarcoma

Giant cell tumors

Neurofi bromas

Tendon nodules of stenosing tenosynovitis

Inclusion cysts

Dorsal Dupuytren disease

Retinacular ganglions at the A1 pulley

Non-Dupuytren palmar fascial disease

Tophi

Cooper contracture (eponym)
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interphalangeal and metacarpophalangeal joints and 
web space contracture. Metacarpophalangeal joint 
contractures are often fully correctable; however, prox-
imal interphalangeal joint contractures often have re-
sidual deformity.30

Multiple surgical procedures have been described for 
the treatment of Dupuytren contracture. These include 
variations of subcutaneous fasciotomy, fasciectomy, and 
skin grafting. A controlled randomized trial between the 
two most common approaches found no statistical dif-
ference at 2 years.31 Fewer complications are seen with 
limited fasciectomy, and this is often the procedure of 
choice for higher risk patients, for whom temporary re-
lief is a therapeutic goal. A diseased cord arising from 
the abductor digiti minimi is noted to be present in ap-
proximately 25% of cases,32 and it should be released at 
the time of surgery if it is present. Full-thickness skin 
grafting has been shown to prevent recurrence and is 
considered in patients with a strong diathesis who have 
functionally limiting contracture.

POTENTIAL DISEASE COMPLICATIONS
In some individuals, the condition can become func-
tionally limiting because of severe contracture. The 
thumb and index fi nger tend to be less affected than the 
other digits. Secondary contracture of the proximal in-
terphalangeal joints can also develop in long-standing 
deformity. Vascular compromise is rare and more often 
part of complex regional pain syndrome after surgery. It 
appears that there is an advantage with axillary block or 
intravenous regional anesthesia with clonidine over li-
docaine alone or general anesthesia in preventing com-
plex regional pain syndrome in patients undergoing 
Dupuytren surgery.33

POTENTIAL TREATMENT 
COMPLICATIONS
Recurrence of the disease after surgery is common (ap-
proximately 31%).34 This is probably because surgery 
does not alter the underlying histopathologic process. 
Loss of fl exion into the palm is particularly disturbing 
to patients. The presence of thickly calloused hands 
can result in increased postoperative swelling, leading 
to longer postoperative follow-up. “Flare reaction”35 is 
a postoperative complication that occurs 3 to 4 weeks 
after surgery and is characterized by redness, swelling, 
pain, and stiffness. This occurs in 5% to 10% of pa-
tients.36 Complication rates are higher with greater 
disease severity, in particular proximal interphalangeal 
joint fl exion contracture of 60 degrees or more.34 Am-
putation and ray resections are reported complications 
more common in surgery for recurrences.37 Although 
women with the disease less frequently meet operative 
criteria, they are thought to have a higher incidence of 
complex regional pain syndrome postoperatively.38

Other potential surgical complications are digital he-
matoma, granulation, scar contracture, inadvertent di-
vision of a digital nerve or artery, infection, and graft 

failure in full-thickness grafting procedures. A poten-
tial complication of injection therapy is injury to 
nearby structures, including the digital artery, nerve, 
and fl exor tendons.
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DEFINITION
Extensor tendon injuries are injuries to the extensor 
mechanism of the digits. They include the fi nger and the 
thumb extensors and abductors. Extensor tendon injuries 
are more common than fl exor tendon injuries because of 
their superfi cial position. As a result, the extensor ten-
dons are prone to laceration, abrasion, crushing, burns, 
and bite wounds.1 Demographic data defi ning age, gen-
der, and occupation for the development of extensor 
tendon injury are not well documented. However, in our 
clinical experience, extensor tendon injuries commonly 
occur from lacerations and fi st to mouth injuries.

Extensor tendon injuries result in the inability to extend 
the fi nger because of transection of the tendon itself, ex-
tensor lag, joint stiffness, and poor pain control.2,3 There 
are eight zones to the extensor mechanism where injury 
can result in differing pathomechanics4 (Fig. 26-1).

SYMPTOMS
Patients typically lose the ability to fully extend the in-
volved fi nger (Fig. 26-2). This lack of motion may be 
confi ned to a single joint or the entire digit. Pain in sur-
rounding regions often accompanies the loss of motion 
because of abnormal tissue stresses. Diminished sensa-
tion may be present if there is concomitant injury to the 
digital nerves.

PHYSICAL EXAMINATION
Physical examination begins with observation of the 
resting hand position. If the extensor tendon is com-
pletely disrupted, the unsupported fi nger will assume a 
fl exed posture. Range of motion, both active and pas-
sive, is evaluated for each fi nger joint. Grip strength is 
commonly measured by use of a hand-held dynamom-
eter. Individual fi nger extension strength can be re-
corded by manual muscle testing or fi nger dynamome-
try. Sensation should be checked because of the 
proximity of the extensor mechanism to the digital 
nerves. The radial and ulnar sides of the digit should be 
checked to assess light touch, pinprick, and two-point 
discrimination.

FUNCTIONAL LIMITATIONS
The positioning of the hand in preparation for grip or 
pinch is occasionally more important and limiting than 
the inability to grasp. Functional limitations therefore 
are manifested as the inability to produce fi nger exten-
sion in preparation for grip or pinch. As a result, writing 
and manipulation of small objects can be problematic. 
Patients may also have diffi culty reaching into confi ned 
areas such as pockets because of a fl exed digit with the 
limited ability to extend.

DIAGNOSTIC STUDIES
Anteroposterior and lateral radiographs of the involved 
hand and fi ngers are obtained when there is a possibil-
ity of bone or soft tissue injury, such as fracture of a 
metacarpal from a bite wound, foreign body retention 
from glass or metal, or air in the soft tissues or joint 
space secondary to penetration of a foreign object. 
Ultrasonography is an inexpensive alternative to mag-
netic resonance imaging for the detection of foreign 
bodies and identifi cation of traumatic lesions of ten-
dons. However, ultrasonography and magnetic reso-
nance imaging are generally not necessary but can be 
used to confi rm clinical suspicion of a chronic extensor 
tendon injury.

Synonyms
Mallet fi nger
Extensor hood injury
Central slip injury
Extensor sheath injury
Boutonnière deformity
Buttonhole deformity

ICD-9 Codes
727.63 Hand extensor injury
736.1  Mallet fi nger
736.21 Boutonnière deformity
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TREATMENT
Initial
The treatment protocols for extensor tendon injuries 
vary by zone, mechanism, and time elapsed since the 
injury. If the disruption of the extensor mechanism is 
due to a laceration, crush injury, burn, or bite, surgical 
referral is warranted. In open injuries, if repair is not 
immediate, appropriate antibiotics should be initiated, 
and irrigation and primary coverage of the injured ten-
don by skin suturing should be performed to protect 

the tendon and to decrease the potential of infection. 
The surgeon who will be performing the defi nitive re-
pair should be contacted before this, however.5 Conser-
vative splinting can be attempted for closed zone I and 
zone II extensor tendon injuries.

Rehabilitation
Conservative treatment and splinting have been recom-
mended for zone I and zone II injuries. Conservative 
treatment of injuries involving zones III through VIII 
has limited success in restoring normal range of motion 
and function. Acute injuries in these zones usually re-
quire surgical repair, and chronic injuries often require 
surgical review.

Zone I (Mallet Deformity)

Disruption of continuity of the extensor tendon over 
the distal interphalangeal (DIP) joint produces the 
characteristic fl exion deformity of the DIP joint.6 Injury 
in this region is the result of a traumatic event, such as 
sudden forced hyperfl exion of an extended DIP joint 
with tendinous disruption or avulsion fracture at the 
site of insertion. The digits most commonly involved 
are the long, ring, and small fi ngers of the dominant 
hand.7 When it is left untreated for a prolonged time, 
hyperextension of the proximal interphalangeal (PIP) 
joint (swan-neck deformity) may develop because of 
proximal retraction of the central band.6

In a closed injury, the most common method of treat-
ment is 6 weeks of continuous immobilization of the 
DIP joint in full extension or slight hyperextension (0 to 
15 degrees).8,9,10 The DIP joint should not be immobi-
lized in excessive hyperextension because of compromise 
of the vascular supply to the dorsal skin.7 Stack splints are 
commonly used to achieve extension at the DIP joint. 
The splint should be worn continuously, except during 
hygiene. When the splint is removed, the DIP joint 
should be maintained in extension. If no extensor lag 
is identifi ed after 7 weeks, range of motion exercises 

VII

VI

V

IV

III

I

II

VIII

FIGURE 26-1. Zones of extensor tendons. Odd numbers overlie the 
respective joints, and even numbers overlie areas of intermediate tendon 
regions.

FIGURE 26-2. Extensor tendon disruption of the ring fi nger resulting in 
an inability to extend the ring fi nger. (Modifi ed from Daniels JM II, Zook 
EG, Lynch JM. Hand and wrist injuries: part I. Nonemergent evaluation. 
Am Fam Physician 2004;69:1941-1948.)

Differential Diagnosis

Fracture dislocation

Joint dislocation

Peripheral nerve injury

Osteoarthritis

Rheumatoid arthritis

Trigger fi nger (stenosing tenosynovitis)
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consisting of 10 repetitions hourly of passive, pain-free 
motion of the DIP joint can be initiated. The splint 
should be worn during exercise and at night. Splinting 
may be discontinued and exercises progressed to active 
extension after 8 weeks. In chronic mallet deformities, in 
which no treatment is initiated for 3 weeks after injury, 
splinting is recommended for 8 weeks before beginning 
of range of motion exercises (Table 26-1).9

Zone II

Injuries in zone II are often due to a laceration or crush 
injury. Treatment involves routine wound care and 
splinting for 7 to 10 days, followed by active motion if 
less than 50% of the tendon width is cut. If more than 
50% of the tendon is cut, it should be repaired primar-
ily, followed by 6 weeks of splinting.6

Zone III (Boutonnière Deformity)

Zone III injuries usually result from direct forceful fl ex-
ion of an extended PIP joint, laceration, or bite. If the 
lateral bands slip volarly, a boutonnière deformity re-
sults. The boutonnière deformity develops gradually 
and usually appears 10 to 14 days after the initial injury. 
Diagnosis is best made after splinting of the fi nger 
straight for a few days and reexamination of the fi nger 
after swelling subsides. Absent or weak active extension 
of the PIP joint is a positive fi nding.6

Closed injuries are initially treated with 4 to 6 weeks 
of splinting of the PIP joint in extension with the meta-
carpophalangeal (MCP) and wrist joints left free. 
The splint is reapplied for recurrence of deformity.6

Displaced closed avulsion fractures at the base of the 
middle phalanx, axial and lateral instability of the PIP 
joint with loss of joint motion, and failed nonoperative 
treatment are indications for surgical intervention.6 In 
addition, acute open injuries require primary surgical 
repair.

Postoperative rehabilitation has changed in recent years 
with the implementation of early protected motion.8-11

Postoperatively, the fi nger is immobilized in a PIP joint 
gutter splint. This splint is removed hourly to perform 
guarded active motion exercises, which may consist of 
using two exercise braces that provide optimal gliding 
of the extensor mechanism (Table 26-2).

Zone IV

Injuries in zone IV usually spare the lateral bands. How-
ever, there is often considerable adhesion with resultant 
loss of motion that develops because of the intricate 
relationship of the tendon and bone in this area. Reha-
bilitation and splinting techniques are similar to those 
in zone III (see Table 26-2).

Zone V

Zone V is located over the MCP joints. This is the most 
common area of extensor tendon injuries resulting 
from bites, lacerations, or joint dislocation.1 The injury 
more often occurs with the joint in fl exion, so the ten-
don injury will actually be proximal to the dermal in-
jury.6 Acute open injuries are surgically repaired after 
thorough irrigation if they are not the result of a human 
bite or fi st to mouth injury.

TABLE 26-1 Zone I and Zone II Injuries

Splint Exercises Wound and Skin Care

Acute DIP joint injuries, mallet deformity (less than 3 weeks)

0-5 weeks Continuous DIP joint 
extension (stack)

Active fl exion and extension of 
PIP and MCP joints (hourly)

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

6 weeks Worn between exercises and 
at night

Active fl exion and extension of 
DIP joint (hourly)

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

7 weeks Worn between exercises and 
at night

Passive fl exion and extension 
of DIP joint (hourly)

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

8 weeks If no extensor lag, may 
gradually wean splint

Continue with active and 
passive DIP joint exercises

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

Chronic DIP joint injuries, mallet deformity (more than 3 weeks)

0-7 weeks Continuous DIP joint 
extension (stack)

Active fl exion and extension of 
PIP and MCP joints (hourly)

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

8 weeks Worn between exercises and 
at night

Active fl exion and extension of 
DIP joint (hourly)

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

9 weeks Worn between exercises and 
at night

Passive fl exion and extension 
of DIP joint (hourly)

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

10 weeks If no extensor lag, may 
gradually wean splint

Continue with active and 
passive DIP joint exercises

Remove splint daily to check for skin integrity and 
hygiene (maintain DIP joint in extension)

Reprinted with permission from Brault J. Rehabilitation of extensor tendon injuries. Oper Tech Plast Reconstr Surg 2000;7:25-30.
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Many authors have recently recommended that dy-
namic splinting be initiated in the fi rst week.8,9,12,13 This 
is accomplished with a dorsal dynamic extension splint 
that has stop beads on the suspension line, which limits 
fl exion (Fig. 26-3A). Patients are instructed to perform 
active fl exion of the fi ngers hourly (Fig. 26-3B). The rub-
ber band suspension provides passive extension. Ther-
apy is initiated early by a skilled therapist by position-
ing the wrist in 20 degrees of fl exion and passively 
fl exing the MCP joint to 30 degrees. This provides for 
safe protected gliding of the extensor mechanism. At 

postoperative week 7, progressive strengthening exer-
cises can be initiated. At week 9, all bracing may be 
discontinued if no extensor lag is present (Table 26-3).

When the wound is associated with a human bite, it is 
extensively inspected and débrided; culture specimens 
are obtained, and the wound is irrigated and left open. 
Broad-spectrum antibiotics are initiated. The hand is 
splinted with the wrist in approximately 45 degrees of 
extension and the MCP joint in 15 to 20 degrees of fl ex-
ion. The wound typically heals within 5 to 10 days, and
secondary repair is rarely needed.6

Zone VI

Zone VI is located over the metacarpals. Injuries to this 
area have a clinical picture similar to that of zone V in-
juries and are treated as such (see Table 26-3).9,12,13

Zone VII

Zone VII lies at the level of the wrist. Tendons in this re-
gion course through a fi bro-osseous tunnel and are cov-
ered by the extensor retinaculum. Complete laceration of 
the tendons in this region is rare. Tendon retraction can 
be a signifi cant problem in this region, and primary re-
pair is warranted, with preservation of a portion of the 
retinaculum to prevent extensor bowstringing.6 Rehabili-
tation is similar to that in zone V (see Table 26-3).

Zone VIII

Zone VIII lies at the level of the distal forearm. Multiple 
tendons may be injured in this area, making it diffi cult 
to identify individual tendons. Restoration of indepen-
dent wrist and thumb extension should be given prior-
ity.6 Injuries in this location often require tendon re-
trieval for complete lacerations, and surgical intervention 
is warranted.

Postoperative rehabilitation consists of static immobiliza-
tion of the wrist in 45 degrees of extension with the MCP 
joints in 15 to 20 degrees of fl exion. Splinting is generally 

A

B
FIGURE 26-3. A, Splint allows 30 to 40 degrees of active MCP joint fl ex-
ion with passive return to neutral. B, Flexion is limited by stop beads on 
the outrigger strings.

TABLE 26-2 Zone III and Zone IV Injuries (Immediate Motion)

Splint Exercises Wound and Skin Care

Start 24-48 hours DIP joint and PIP joint 
neutral splint

Exercise hourly with two splints Daily removal of splint for wound cleaning
Edema control with compressive wrap

0-2 weeks Splint 1: allows 30 degrees of PIP 
joint and 25 degrees of DIP joint 
range of motion

Splint 2: PIP joint in neutral, DIP joint

Daily removal of splint for wound cleaning
Edema control with compressive wrap

2-3 weeks If no extensor lag noted Splint 1: increase PIP joint in fl exion 
to 40 degrees

Splint 2: continue

Daily removal of splint for wound cleaning
Edema control with compressive wrap

4-5 weeks If no extensor lag noted Splint 1: increase PIP joint in fl exion 
to 40 degrees

Splint 2: continue

Daily removal of splint for wound cleaning
Edema control with compressive wrap

6 weeks If no extensor lag noted, 
discontinue use of splints

Allow full active PIP joint and DIP 
joint fl exion

Daily removal of splint for wound cleaning
Edema control with compressive wrap

Reprinted with permission from Brault J. Rehabilitation of extensor tendon injuries. Oper Tech Plast Reconstr Surg 2000;7:25-30.

Ch26_139-144-X4007.indd 142Ch26_139-144-X4007.indd   142 3/17/08 6:05:34 PM3/17/08   6:05:34 PM



Ex tensor  Tendon Injur ies 143

maintained for 4 to 5 weeks. However, early controlled 
motion with a dynamic extensor splint may help decrease 
adhesions and subsequent contractures. Dynamic motion 
of the MCP joints may be started at 2 weeks.

Procedures
Surgical repair is the mainstay for treatment of most 
extensor tendon injuries. Injections are typically not ap-
propriate for the management of these conditions.

Surgery
Zone I and zone II injuries are typically treated nonop-
eratively, unless there is laceration of the terminal exten-
sor slip (zone II injury), which may then require surgi-
cal repair. Surgical correction of zone I and zone II 
injuries usually results from failed conservative bracing, 
usually in a younger patient. In addition, patients may 
elect to have the terminal extensor tendon repaired or 
the DIP joint fused for cosmetic reasons. In older indi-
viduals with fi xed deformities and painful arthritic con-
ditions that limit function, joint arthrodesis is a reason-
able approach.

Surgical intervention in zones III through VIII is usually 
primary repair of the injured extensor tendon mecha-
nism. If primary repair is not possible, tendon grafting 
has been described.4

POTENTIAL DISEASE COMPLICATIONS
Extensor tendon injury can result in permanent loss 
of fi nger extension, primarily due to adhesion forma-
tion or joint contracture. Painful degeneration of the 

affected joints can occur if normal motion is not 
restored.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly af-
fect the gastric, hepatic, renal, and cardiovascular sys-
tems. Acute tendon ruptures as a result of aggressive 
therapy necessitate reoperation, which may include 
tendon grafting. Therapy programs that are not aggres-
sive enough often result in reduced range of motion 
and strength. Surgical complications include infection, 
adhesion formation, and advanced joint degeneration.
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DEFINITION
The fl exor tendons of the hand are vulnerable to lacera-
tion and rupture. These injuries are most commonly 
seen in individuals who work around moving equip-
ment, use knives, or wash glass dishes; in people with 
rheumatoid arthritis; and in athletes (jersey fi nger).1
The fl exor digitorum profundus (FDP) of the ring fi nger 
is the most commonly involved.2 Incomplete injuries to 
the fl exor tendon are easily missed on physical exami-
nation and can progress to full ruptures.

Regions of potential tendon injury are divided into fi ve 
zones (Fig. 27-1).3 Zone I is from the tendon insertion at 
the base of the distal phalanx to the midportion of the 
middle phalanx. Laceration or injury in this zone results 
in disruption of the FDP tendon and the inability to fl ex 
the distal interphalangeal (DIP) joint. Zone II extends 
from the midportion of the middle phalanx to the distal 
palmar crease. This zone is known as no man’s land be-
cause of the poor functional results after tendon repair.4,5

Tendon injury in this zone usually involves both FDP 
and fl exor digitorum superfi cialis (FDS) tendons and 
results in inability to fl ex the DIP and proximal interpha-
langeal (PIP) joints. Zone III is located from the distal 
palmar crease to the distal portion of the transverse car-
pal ligament. This zone includes the intrinsic hand 
muscles and vascular arches. Zone IV overlies the trans-
verse carpal ligament in the area of the carpal tunnel. In 
this zone, injuries usually involve multiple FDP and FDS 
tendons. Zone V extends from the wrist crease to the 
level of the musculotendinous junction of the fl exor 

tendons. Injuries in this region most often result from 
self-infl icted laceration (suicide attempts).

The fl exor tendons are held close to the bone in zone I 
and zone II by a complex series of pulleys and vincula. 
These structures are frequently injured with the tendons.1

SYMPTOMS
Inability to fl ex the affected joint may be the presenting 
complaint. Sensation of the involved fi nger is often af-
fected because of the proximity of the fl exor tendons to 
the neurovascular bundle.

PHYSICAL EXAMINATION
It is important to obtain a detailed history to outline the 
mechanism of injury. Evaluation begins with observa-
tion of the resting hand position. If the fl exor tendon is 
completely severed, the unsupported fi nger will assume 
an extended position (Fig. 27-2).1,6 Active fl exion of all 
fi nger joints needs to be assessed. If active fi nger fl exion 
is not observed because of pain, tenodesis can be em-
ployed to determine whether the tendon is intact. The 
wrist is passively extended, and all fi ngers should as-
sume a relatively fl exed posture. If the fl exor tendons are 
disrupted, the fi nger will remain in a relatively extended 
posture.

Flexion strength of each digit should be evaluated by 
manual muscle testing or fi nger dynamometry. Strength 
is evaluated by having the patient individually fl ex fi rst 
the DIP joint and then the PIP joint against applied re-
sistance. It is possible to have a complete laceration of 
the fl exor tendons with preservation of peritendinous 
structures and active motion. In these cases, however, 
fl exion will be weak.7

For individual function of the FDP tendon to be checked, 
the patient is asked to fl ex the fi ngertip at the DIP joint 
while the PIP joint is maintained in extension. If there 
is injury to the FDP tendon, the patient will be unable 
to fl ex the DIP joint.

It is diffi cult to diagnose solitary injuries of the FDS 
tendon because of the FDP tendon’s ability to perform 

Synonyms
Flexor tendon injury, laceration, or rupture
Jersey or sweater fi nger

ICD-9 Codes
727.64  Rupture of fl exor tendons of hand and wrist, 

nontraumatic
842.1   Sprains and strains of the wrist and hand, 

unspecifi ed site
848.9  Lacerated tendon (not specifi c to the hand)
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fl exion of all fi nger joints through intertendinous con-
nections. For the integrity of the FDS tendon to be iso-
lated, all the fi ngers are held straight, placing the FDP 
tendon in a biomechanically disadvantaged position. 
The patient actively attempts to fl ex the fi nger to be 
tested while the other fi ngers are held in relative exten-
sion. If the patient is unable to move the fi nger, injury 
most likely has occurred to the FDS tendon. This test is 
reliable only for the middle, ring, and small fi ngers.

Sensation of the fi nger should be evaluated because 
open tendon injuries often are accompanied by injuries 
of the nearby digital nerves. Two-point discrimination 
should be assessed before injection of local anesthetic 
for wound care.1

FUNCTIONAL LIMITATIONS
Functional limitations include diffi culty with power 
grasp if the ulnarly sided tendons are involved, and pre-
cision grasp problems if the radially sided tendons are 
involved. The patient may present with inability to but-
ton shirts, to pinch small objects, or to fi rmly grasp 
objects.

DIAGNOSTIC STUDIES
Radiographic evaluation includes anteroposterior and 
lateral views of the involved fi ngers. These assist in iden-
tifi cation of joint dislocation, articular disruption, avul-
sion, long bone fractures, and potential for retained 
foreign bodies. Ultrasonography and magnetic reso-
nance imaging are used to identify partially lacerated or 
ruptured tendons.

TREATMENT
Initial
Surgical intervention is almost always required for fl exor 
tendon injuries.1,7 Protection of the affected fi nger in a 
bulky dressing and meticulous wound care are recom-
mended before surgical correction.

Cleaning and repair of superfi cial wounds should be 
performed if surgical referral is delayed. Optimally, sur-
gical correction of the fl exor tendon injury occurs within 
the fi rst 12 to 24 hours. Delayed primary repair is per-
formed in the fi rst 10 days. If primary repair is not per-
formed because of infection, secondary repair can be 

I

II

III

IV

V

FIGURE 27-1. Zones of fl exor tendons.

FIGURE 27-2. Jersey fi nger. The fl exor profundus tendon is detached by 
a forced hyperextension of the DIP joint. (Reprinted with permission 
from Mellion MB. Offi ce Sports Medicine, 2nd ed. Philadelphia, Hanley & 
Belfus, 1996.)

Differential Diagnosis

Partial tendon laceration

Anterior interosseous nerve injury

Trigger fi nger (stenosing tenosynovitis)

Median nerve injury
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performed up to 4 weeks. If repair is not performed 
within 4 weeks, the tendon usually is retracted within 
the sheath, making surgical repair diffi cult.7

Newer surgical repair and suture techniques have im-
proved the strength of repaired fl exor tendons, provid-
ing for earlier rehabilitation.7-9

Analgesics and nonsteroidal anti-infl ammatory drugs 
are frequently used for pain control.

Rehabilitation
Postoperative rehabilitation of repaired tendons has 
changed greatly in the past two decades through initia-
tion of early protected motion.10-13 Historically, the re-
paired fi ngers were placed in an immobilization splint 
for up to 2 months. This often led to adhesion forma-
tion and ultimately the loss of motion and function.12

The currently accepted rehabilitation schemes for repaired 
fl exor tendons are essentially the same for all zones 
(Table 27-1). Immediately postoperatively, the hand is 
placed in a protective dorsal splint with 20 to 30 degrees 
of wrist fl exion. All metacarpophalangeal (MCP) joints 
are placed in 50 to 70 degrees of fl exion.13 A dorsal hood 
extends to the fi ngertip level, allowing PIP joint and DIP 
joint extension to 0 degrees. All of the fi ngers are held in 
fl exion by dynamic traction applied by rubber bands 
originating from the proximal forearm with a pulley at 
the palm and attachment to the fi ngernails (Fig. 27-3A).

The patient is typically seen by the therapist 24 to 
48 hours after surgical repair. Dressings are changed, 
edema control measures are initiated, and rehabilita-
tion goals are discussed.12,13

The patient is instructed to actively extend the fi ngers 
against the rubber band traction to the dorsal block, 
10 repetitions hourly, to prevent fl exion contractures 
(see Fig. 27-3B). The rubber band traction passively 
returns the fi ngers to a fl exed position. At night, the 
traction is removed and the fi ngers are strapped to the 
dorsal hood with the PIP and DIP joints in extension.

The rehabilitation program may involve immediate short 
arc motion.12-15 Under the supervision of a skilled thera-
pist, the injured digit is placed in moderate fl exion with 
the wrist in 30 to 40 degrees of extension, the MCP joints 
in 80 degrees of fl exion, the PIP joints in 75 degrees 
of fl exion, and the DIP joints in 30 to 40 degrees of 
fl exion. The patient is then instructed to actively hold 
this position for 10 seconds. On completion of the static 

TABLE 27-1 Flexor Tendon Injuries (Immediate Motion)

Splint Exercises Wound and Skin Care

Postoperatively 
to 21 days

Postoperative dynamic fl exion splint 
with dorsal hood (see Fig. 27-3)

Wrist fl exion at 20-30 degrees
MCP joint, 50-70 degrees; PIP and 

DIP joints, 0 degrees of extension

Patient actively extends each fi nger 10 times 
hourly (start postoperative day 2)

Under the direction of a hand therapist, wrist 
fl exion is used to produce less tension on 
the fl exor tendon during passive exercises

Initiate supervised active fl exion exercises 
(postoperative day 14)

Daily removal of splint for 
wound cleaning

Edema control with 
compressive wrap

21-35 days Progressive reduction in use of 
splint

Patient may begin to perform active fl exion 
exercises without therapist

Continue with wound care and 
edema control as needed.

35 days Discontinue splint Progress to increased active and passive fl ex-
ion exercises; grip strengthening

Continue with wound care and 
edema control as needed.

Modifi ed from Lund A. Flexor tendon rehabilitation: a basic guide. Oper Tech Plast Reconstr Surg 2000;7:20-24; Evans R. Early active motion after fl exor tendon repair. 
In Berger RA, Weiss APC. Hand Surgery. Lippincott Williams & Wilkins, 2003:710-735; Groth GN. Current practice patterns of fl exor tendon rehabilitation. J Hand Ther 
2005;18:169-174.

A

B

FIGURE 27-3. A, Dorsal dynamic protection splint; fi ngers in resting 
position. B, Dorsal dynamic protection splint; active extension exercises.
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contraction, the therapist passively fl exes the wrist. This 
allows natural tenodesis to extend the fi ngers. At day 21, 
the patient can initiate unsupervised active fl exion exer-
cises. At 35 days, the dorsal digital splint is removed and 
active tendon gliding exercises are initiated.12,15,16

Modalities such as ultrasound, contrast or paraffi n 
baths, whirlpool, and fl uidized therapy may be used to 
promote wound healing and range of motion.

Procedures
Procedures are generally not indicated in fl exor tendon 
injuries. Corticosteroid injections can be performed if 
stenosing tenosynovitis (triggering) develops at the 
fl exor pulleys.

Surgery
Optimally, repair of the fl exion tendon should occur 
within the fi rst 48 hours after injury. Improper handling 
of tissues during repair can result in hematoma, damage 
to the pulley integrity, and damage to the vincula—the 
vascular supply of the tendons.

POTENTIAL DISEASE COMPLICATIONS
Injury to the fl exor tendon mechanism can result in 
permanent loss of fi nger fl exion. Partial tendon damage 
can easily be missed and result in either weakness or 
complete rupture.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Postsurgical 
complications include adhesion formation and tendon 
rupture. Postsurgical tendon rupture is usually the result 
of aggressive motion, by either the patient or therapist, 
that results in failure of the repair. Reoperation is often 
required, which results in the greater propensity for ad-
hesion formation. Adhesion formation and the loss of 
motion and strength complicate surgical repair, particu-
larly in zone II.4,5

Many other factors affect healing of the tendon and post-
operative rehabilitation. Factors such as advanced age, 

poor circulation, tobacco and caffeine use, and general-
ized poor health can contribute to impaired healing. 
Scar formation can result in adhesion formation and 
decreased movement. Poor motivation and compliance 
with the therapy program result in less than optimal 
recovery.
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DEFINITION
Hand and wrist ganglia account for 50% to 70% of all 
hand masses. The ganglion is a benign, mucin-fi lled cyst 
found in relation to a joint, ligament, or tendon. It is 
typically fi lled from the joint through a tortuous duct or 
“stalk” that functions as a valve directing the fl ow of 
fl uid. The mucin itself contains high concentrations of 
hyaluronic acid as well as glucosamine, albumin, and 
globulin.1 When it is used to describe ganglia, the term 
synovial cyst is actually a misnomer because ganglion 
cysts do not contain synovial fl uid and are not true cysts 
lined by epithelium but rather by fl at cells. The etiology 
of ganglia remains a mystery, although many believe 
that ligamentous degeneration or trauma plays an im-
portant role.1,2

By far, the most common location for a ganglion is the 
dorsal wrist (Fig. 28-1), with the pedicle arising from 
the scapholunate ligament in virtually all cases. Only 
20% of ganglia are found on the volar wrist (Fig. 28-2). 
This type may originate from either the radioscaphoid 
or scaphotrapezial joint. Alternatively, ganglia can occur 
near the joints of the fi nger. One subtype of hand-wrist 
ganglia is the “occult” cyst, which is not palpable on 
physical examination.

Ganglion cysts occur more commonly in women, usu-
ally between the ages of 20 and 30 years. However, they 
can develop in either sex at any age. Ganglia of child-
hood usually resolve spontaneously during the course 
of 1 year.3 The most commonly seen ganglion of the 
elderly, the mucous cyst, arises from an arthritic distal 
interphalangeal joint (Fig. 28-3).

Other common types of ganglia in the hand include the 
retinacular cyst (fl exor tendon sheath ganglion; Fig. 28-4), 
proximal interphalangeal joint ganglion, and fi rst exten-
sor compartment cyst associated with de Quervain teno-
synovitis. Less common ganglia include cysts within the 
extensor tendons or carpal bones (intraosseous) and 
those associated with a second or third carpometacarpal 
boss (arthritic spur). Rarely, ganglia within the carpal tun-
nel or Guyon canal can produce carpal tunnel syndrome 
or ulnar neuropathy.

As noted, the cause of ganglion cyst formation is not 
known, but there may be a link to light, repetitive activ-
ity, demonstrated by an increased incidence in typists, 
musicians, and draftsmen. Interestingly, there is no in-
creased risk in heavy laborers, who bear a greater load 
on their wrists. Wrist instability has also been discussed 
as both a possible cause and an effect of the disease. 
Overall, there is a history of trauma in 10% to 30% of 
people presenting with the disease.2

SYMPTOMS
Patients with a wrist ganglion usually present with a 
painless wrist or hand mass of variable duration. The 
cyst may fl uctuate in size or disappear altogether for a 
time. Pain and weakness of grip are occasional present-
ing symptoms; however, an underlying concern about 
the appearance or seriousness of the problem is usually 
the reason for seeking medical attention. The pain, 
when present, is most often described as aching and ag-
gravated by certain motions. With dorsal wrist ganglia, 
patients often complain of discomfort as the wrist is 
forcefully extended (e.g., when pushing up from a 
chair). Interestingly, dorsal wrist pain may be the prin-
cipal complaint of patients with an occult dorsal wrist 
ganglion, which is not readily visible. The wrist pain 
usually subsides as the mass enlarges.

With a retinacular cyst, patients usually complain of 
slight discomfort when gripping, for example, a racket 
handle or shopping cart. Patients whose complaints of 
pain are primarily related to de Quervain tenosynovitis 
(see Chapter 24) may notice a bump over the radial sty-
loid area. Pain with grip is also a complaint of patients 

Synonyms
Carpal cyst
Synovial cyst
Mucous cyst
Intraosseous cyst

ICD-9 Codes
727.41 Ganglion of joint
727.42 Ganglion of tendon sheath
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slightly tender. When the cyst is large, transillumination 
(placing a penlight directly onto the skin overlying the 
mass) will help differentiate it from a solid tumor.

The classic location for a dorsal wrist ganglion is ul-
nar to the extensor pollicis longus, between the third 
and fourth tendon compartments, or directly over the 
scapholunate ligament.1 However, these ganglia may 
have a long pedicle that courses through various tendon 
compartments and exits at different locations on the 
dorsal wrist or even the volar wrist. When the ganglion 
is small, it may be apparent only with wrist fl exion. Wrist 
extension and grip strength may be slightly diminished. 
Dorsal wrist pain and tenderness with no obvious mass 
or instability should suggest an occult ganglion.

Volar ganglia occur most commonly at the wrist fl exion 
crease on the radial side of the fl exor carpi radialis ten-
don but may extend into the palm or proximally, or even 
dorsally, into the carpal tunnel. They can involve the 
radial artery, complicating their surgical removal. They 
may seem to be pulsatile, although careful inspection 

FIGURE 28-1. Dorsal wrist ganglion. The mass is typically found overly-
ing the scapholunate area in the center of the wrist.

FIGURE 28-2. Clinical appearance of a volar wrist ganglion.

with a carpometacarpal boss. Mucous cysts can drain 
spontaneously and can also produce nail deformity, ei-
ther of which may be a presenting complaint. Symptoms 
identical to those of carpal tunnel syndrome will be 
noted by patients with a carpal tunnel ganglion. A gan-
glion in Guyon canal will produce hand weakness (due 
to loss of intrinsic function) and may produce numb-
ness in the ring and small fi ngers.

PHYSICAL EXAMINATION
Ganglia are typically solitary cysts, although they are 
often found to be multiloculated on surgical explora-
tion. They are usually mobile a few millimeters in all 
directions on physical examination. The mass may be 

FIGURE 28-3. Mucous cyst. This ganglion originates from the distal in-
terphalangeal joint. Pressure on the nail matrix by the cyst may produce 
fl attening of the nail plate, as is seen here.

FIGURE 28-4. Retinacular cyst. This ganglion originates from the fl exor 
tendon sheath.
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will demonstrate that the radial artery is draped over 
the mass.

Retinacular cysts are usually not visible but are palpable 
as pea-sized masses, typically located at the volar aspect 
of the digit at the palmar digital crease. They are adherent 
to the fl exor tendon sheath and do not move with fi nger 
fl exion. Alternatively, intratendinous ganglia are distin-
guished by the fact that they move with fi nger motion.

Mucous cysts are located over the distal interphalangeal 
joint, and the overlying skin may be quite thin. They are 
occasionally mistaken for warts. Spontaneous drainage 
and even septic distal interphalangeal joint arthritis are 
not uncommon. Nail plate deformity is an associated 
fi nding. Proximal interphalangeal joint ganglia are lo-
cated on the dorsum of the digit, slightly off midline. 
Ganglia associated with carpometacarpal bosses pro-
duce tender prominences on the dorsum of the hand 
distal to the typical location for a wrist ganglion.

An important sign to look for on physical examination, 
especially in planning for surgery, is compression of the 
median or ulnar nerve or of the radial artery. An Allen 
test should be performed before surgery to evaluate ra-
dial and ulnar artery patency, particularly in the case of 
a volar cyst (Fig. 28-5).

FUNCTIONAL LIMITATIONS
Physical limitations due to ganglion cysts are rare. With 
dorsal wrist ganglia, fatigue and weakness are occa-
sional fi ndings. Patients may have diffi culty with weight 
bearing on the affected extremity with the wrist ex-
tended (e.g., when pushing up from a chair).

DIAGNOSTIC STUDIES
The diagnosis of a ganglion cyst is usually straightfor-
ward, and ancillary studies are often unnecessary. With 
wrist ganglia, plain radiographs of the wrist are usually 
obtained preoperatively to evaluate the carpal relation-
ships and to exclude the possibility of an intraosseous 
ganglion. With a mucous cyst, radiographs of the af-
fected digit will usually demonstrate a distal interpha-
langeal joint osteophyte. Ultrasonography or magnetic 
resonance imaging may be useful in identifying deep 
cysts in cases of vague dorsal wrist pain. Specifi cally, 
magnetic resonance imaging is indicated to rule out 
Kienböck disease in patients with dorsal wrist pain and 
no obvious ganglion or wrist instability. Cyst aspiration 
is the single best confi rmatory study. Aspiration charac-
teristically yields a viscous, clear to yellowish fl uid with 
the appearance and consistency of apple jelly. On occa-
sion, the fl uid will be blood tinged.

A CB
FIGURE 28-5. The Allen test is performed by asking the patient to open and close the hand several times as quickly as possible and then to make a tight 
fi st (A). The examiner then compresses the radial and ulnar arteries as the hand is opened (B). One artery is tested by releasing the pressure over the artery 
to see whether the hand fl ushes (C). The other artery is tested in a similar fashion, and the opposite hand is tested for comparison.

Differential Diagnosis

Lipoma

Carpal boss

Extensor tenosynovitis

Scapholunate ligament injury or sprain

Giant cell tumor of tendon sheath

Kienböck disease (avascular necrosis of the lunate)
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TREATMENT
Initial
Reassurance is the single most important initial treat-
ment. Many patients are satisfi ed to know that they do 
not have a serious illness. It is important to tell patients 
that the cyst often fl uctuates in size and occasionally 
disappears on its own. Undoubtedly, observation is the 
most appropriate treatment of ganglia in children, as 
long as the diagnosis is certain. In adults, splinting is an 
appropriate initial treatment of cysts associated with 
discomfort. A cock-up wrist splint is prescribed for car-
pometacarpal and dorsal and volar wrist ganglia, 
whereas a radial gutter splint is prescribed for ganglia 
associated with de Quervain tenosynovitis. Traditional 
methods of crushing the cyst with a coin or a Bible, even 
though occasionally successful, are not recommended. 
Anecdotally, daily massage of mucous cysts by patients 
may be successful in resolving them as long as the over-
lying skin is healthy. Analgesics or nonsteroidal anti-
infl ammatory drugs may be used on a limited basis for 
discomfort but do little to treat the disorder.

Rehabilitation
Rehabilitation has a role primarily in the postsurgical 
setting. The usual course of treatment after dorsal gan-
glion excision involves 7 to 14 days of immobilization 
in slight wrist fl exion to minimize loss of wrist fl exion
secondary to scarring. Frequent, active range of motion 
of the wrist should be started after splint removal, and 
the patient should be able to return to relatively normal 
activity approximately 3 weeks after surgery.1 Most pa-
tients are able to carry out their own rehabilitation at 
home. Formal therapy can be ordered if patients have 
diffi culty returning to normal functioning. Therapy may 
include modalities for pain control, active-assisted and 
passive range of motion exercises, and strengthening 
exercises. Therapists may also evaluate return to work 
issues, including adaptive equipment that may assist 
patients in their daily work functions.

Procedures
Aspiration of the cyst serves two purposes: it confi rms 
the diagnosis, and it may be therapeutic. Unfortunately, 
the recurrence rate after ganglion aspiration is high. 
One study4 demonstrated long-term success rates of 
27% and 43% for dorsal and volar wrist ganglia, respec-
tively, treated with aspiration, multiple puncture, and 
3 weeks of immobilization. Importantly, cysts present 
for longer than 6 months almost uniformly recurred. 
The results for aspiration of retinacular cysts were some-
what better, averaging 69% successful.

However, a signifi cant number of patients may elect to 
proceed with cyst aspiration despite the high likelihood 
of recurrence. Aspiration of volar wrist ganglia may 
cause displacement of the cyst and envelop the radial 
artery. Aspiration of proximal interphalangeal joint gan-
glia may be successful in eliminating the cyst.5 Aspira-
tion of mucous cysts is not recommended.

Steroids have not been shown to add any therapeutic 
benefi t to ganglia aspiration.

Surgery
Many patients opt for surgical excision of the cyst, often 
for primarily cosmetic reasons. Surgery should be ad-
vised when the diagnosis is unclear. To minimize the 
likelihood of recurrence, the surgeon should not only 
remove the cyst but trace the stalk to its origin within 
the joint. For wrist ganglia, the surgeon often fi nds that 
the visible mass grossly underestimates its actual size 
and extent. Because these procedures require opening of 
the wrist joint, they cannot be performed with the use 
of local anesthesia. With proper technique, recurrence 
rates should be less than 5%. Volar ganglia are more 
diffi cult to access and more often variable in their shape 
and location, making for more complicated surgery. A 
prospective cohort study of volar wrist ganglion treat-
ment by observation, aspiration, or surgery concluded 
that at 5 years, there were no signifi cant differences in 
the recurrence rates with any of the treatments; 42% of 
the excised ganglia recurred, whereas 51% of the un-
treated ganglia had resolved spontaneously.6 Clearly, it 
is important that the risks and benefi ts of surgical treat-
ment of ganglion cysts be carefully discussed with the 
patient.

Arthroscopic resection of dorsal wrist ganglia has been 
advocated recently to be a safe and reliable procedure, 
with recurrence rates of less than 5%.7 A small case se-
ries of arthroscopic débridement of volar wrist ganglia 
has demonstrated excellent results as well.8

The surgical management of mucous cysts must include 
excision of the cyst stalk as well as the offending osteo-
phyte, which originates from either the dorsal base of 
the distal phalanx or the head of the middle phalanx. 
The nail deformity should resolve during several 
months.9

POTENTIAL DISEASE COMPLICATIONS
Chronic wrist pain as the result of an untreated wrist 
ganglion is rare. The cosmetic deformity, however, is 
obvious. The most important complication associated 
with a neglected cyst is septic arthritis of the distal inter-
phalangeal joint resulting from spontaneous drainage 
of a mucous cyst. For that reason, we recommend mu-
cous cyst excision when the overlying skin is thin or 
spontaneous drainage has occurred.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly af-
fect the gastric, hepatic, and renal systems. The patient 
must understand that surgery will replace a bump with 
a scar. Slight limitation of wrist fl exion after dorsal gan-
glion excision is not uncommon. Another risk is iatro-
genic injury to the scapholunate ligament, extensor 
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tendon, and cutaneous nerve. Recurrence is another 
possibility.

Surgery performed on the volar wrist carries a greater 
risk of injury to artery and nerve. The structures most at 
risk are the palmar cutaneous branch of the median 
nerve and the terminal branches of the lateral ante-
brachial cutaneous nerve as well as the radial artery, 
which is often intertwined with the cyst. Perhaps be-
cause of the more intricate nature of its surgical re-
moval, the volar cyst is associated with a higher rate of 
recurrence after surgery.
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DEFINITION
Osteoarthritis of the hand is a degenerative condition of 
hyaline cartilage in diarthrodial joints. It is distinct from 
infl ammatory arthropathies, such as rheumatoid arthri-
tis, in which the primary component is an infl ammatory 
or systemic pathophysiologic process. Idiopathic osteoar-
thritis excludes post-traumatic arthritis or arthritic condi-
tions resulting from pyrophosphate deposition disease, 
infection, or other known causes. It is associated with ag-
ing, but variations in onset and severity seem genetically 
determined. In particular, the early onset of osteoarthritis 
of the distal interphalangeal and trapeziometacarpal 
joints is genetically mediated separate from osteoarthritis 
at other joints; in other words, a 50-year-old person with 
severe hand arthritis is not at risk for early hip arthritis. 
The prevalence of osteoarthritis of the hand increases 
with age and is more common in men than in women 
until menopause. In individuals older than 65 years, os-
teoarthritis of the hand has been estimated to be as high 
as 78% in men and 99% in women.1 The distal interpha-
langeal and proximal interphalangeal joints and the base 
of the thumb are the most affected joints.

SYMPTOMS
Patients typically report pain, stiffness, and dysfunction. 
Symptoms follow a waxing and waning course as the dis-
ease gradually and inevitably progresses. The correlation 
between radiographic fi ndings and complaints of pain or 

disability is limited, most likely as a refl ection of the psy-
chosocial factors that mediate the difference between dis-
ease and illness and between impairment and disability.

PHYSICAL EXAMINATION
Osteoarthritis is insidious. Although it takes decades to 
wear out a joint, patients often notice an acute onset of 
symptoms that can make it diffi cult for them to believe 
their problem is a chronic degenerative condition. The 
hallmarks of physical examination are deformity, re-
striction of motion, pain, and crepitation. The correla-
tion between symptoms (illness behavior) and signs 
(objective impairment and disease) is poor and likely to 
be mediated primarily by psychosocial factors (effective 
coping skills and psychological distress). A careful ex-
amination of all of the joints notes any deformity, effu-
sions, erythema, limitations in range of motion, and 
swelling. A more thorough musculoskeletal examina-
tion is also important and should specifi cally note any 
weakness due to muscle disuse or other causes. The 
neurologic examination should be normal.

Interphalangeal Joints
Osteoarthritis of the distal interphalangeal joint is char-
acterized by enlargement of the distal joint by osteo-
phytes, forming the so-called Heberden node (Fig. 29-1). 
Angulatory and rotatory deformities of the terminal pha-
lanx can develop (Fig. 29-2). Ganglion (or mucous) cysts 
are associated with osteoarthritis of the distal (and less 
commonly the proximal) interphalangeal joints. The 
pressure of these cysts on the germinal matrix can cause 
a groove in the fi ngernail. The proximal interphalangeal 
joint is less commonly involved than the distal joint. The 
enlargement and deformity at the proximal interphalan-
geal joint is referred to as a Bouchard node.

Metacarpophalangeal Joints
It is relatively uncommon for the metacarpophalangeal 
joints to be involved in primary idiopathic osteoarthritis. 
The presentation at this joint is usually characterized by 
complaints of pain and stiffness rather than deformity.

Synonyms
Arthritis
Degenerative arthritis
Osteoarthritis
Degenerative joint disease
Joint destruction

ICD-9 Codes
715.14 Osteoarthritis, primary, localized to the hand
715.24 Osteoarthritis, secondary, localized to the hand
716.14 Traumatic arthropathy of the hand
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Trapeziometacarpal Joint
Arthritis of the trapeziometacarpal joint is associated 
with aging. Among women aged 80 years and older, 
94% have radiographic signs of arthritis; two thirds of 
these have severe joint destruction.2 Men develop arthri-
tis more slowly than women do, but by the age of 
80 years, 85% have arthritis. The process progresses 
from subluxation and slight narrowing of the joint to 
osteophyte formation, deformity, and destruction of the 
joint.3 As the disease progresses, the base of the meta-
carpal subluxates radially, there is an adduction contrac-
ture of the metacarpal toward the palm, and laxity and 
hyperextension of the metacarpophalangeal joint de-
velop in compensation. Axial compression and rotation 
and shear (the compression test) will produce crepita-
tion and reproduce symptoms. Both active and passive 
movement is restricted. Grip and pinch strength gradu-
ally diminish. It is useful to screen for carpal tunnel 

syndrome and trigger thumb, both of which are com-
mon in this age group.

FUNCTIONAL LIMITATIONS
The classic forms of reported disability are activities that 
require a forceful grasp, such as opening a tight jar, turn-
ing a key, or opening a doorknob. Whereas fi ne motor 
tasks are often impaired by osteoarthritis, complaints of 
disability are far less common; perhaps because the dis-
ease is so gradual, most patients adapt.

DIAGNOSTIC STUDIES
Radiographs are rarely necessary to establish a diagnosis 
or to guide treatment; their chief use is for ruling out 
other pathologic processes and increasing the patient’s 
understanding and acceptance of the disease process. 
Characteristic fi ndings are joint space narrowing, sub-
chondral sclerosis, osteophyte formation, and degenera-
tive cyst formation in the subchondral bone. Eaton and 
Littler classifi ed trapeziometacarpal arthritis into four 
radiographic stages.4 In stage I, the articular contours 
are normal with no subluxation or joint debris. The 
joint space may be widened if an effusion is present. In 
stage II, there is slight narrowing of the thumb trapezial 
metacarpal joint, but the joint space and articular con-
tours are preserved. Joint debris is less than 2 mm and 
may be present. In stage III, there is signifi cant trapezial 
metacarpal joint destruction with sclerotic resistive 
changes and subchondral bone with osteophytes larger 
than 2 mm. Stage IV is characterized by pantrapezial 
arthritis in which both the trapezial metacarpal and 
scaphoid trapezial joints are affected.

TREATMENT
Initial
There are no proven disease-modifying treatments of 
osteoarthritis. All treatments take the form of either pal-
liation (management) or salvage (e.g., arthrodesis or 
arthroplasty). Because osteoarthritis is so common (as 
people age, they all have some evidence of osteoarthritis 
to some degree), and at least annoying if not disabling, 

FIGURE 29-1. Patients with degenerative joint disease of the hands 
can present with Heberden nodes (arrows). These nodules represent 
osteophytes at the distal interphalangeal joint. (Reprinted with permis-
sion from Concannon MJ. Common Hand Problems in Primary Care. 
Philadelphia, Hanley & Belfus, 1999.)

FIGURE 29-2. Severe osteoarthritis at the distal interphalangeal joint of 
the fi fth fi nger. Osteophyte formation, joint destruction, and angulation are 
demonstrated. (Reprinted with permission from Concannon MJ. Common 
Hand Problems in Primary Care. Philadelphia, Hanley & Belfus, 1999.)

Differential Diagnosis

Post-traumatic arthritis

Infl ammatory arthritis (e.g., Lyme disease, gout, rheu-
matoid arthritis, psoriatic arthritis)

Calcium pyrophosphate deposition disease

Septic arthritis

Systemic lupus erythematosus

Scleroderma
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there is extensive marketing that suggests the disease 
can be modifi ed, but there is no proof of this assertion. 
There is also no proof that exercise or activity accelerates 
osteoarthritis. Exercise and activity can improve muscle 
strength, proprioception, and range of motion. Physi-
cians should be cautious about advising activity restric-
tion because it can directly create disability in a patient 
who associates pain with joint damage. Activity restric-
tion is a personal choice determined by desired comfort 
level; it is entirely appropriate to remain active in spite 
of painful, degenerated joints.

Non-narcotic analgesics (acetaminophen and non-
steroidal anti-infl ammatory medications) are useful 
for pain relief and safe enough for routine use in most 
patients. Some patients fi nd ice, heat, or topical creams 
useful. Splints that immobilize arthritic joints (for in-
stance, a hand-based thumb spica with the interpha-
langeal joint free for trapeziometacarpal arthritis) can 
provide symptomatic relief, but it must be made clear 
to the patient that they will not cure the disease or 
prevent progression by wearing them and that splint 
wear is optional. The interphalangeal joints are rarely 
splinted because of the associated functional limita-
tions as well as infrequent requests by patients. Intra-
articular injections of corticosteroids or hyaluronate5

inconsistently provide temporary relief, but patients 
need to understand that these injections cannot cure 
the disease and that they must either fi nd effective 
coping mechanisms or elect salvage reconstructive 
surgery.

Rehabilitation
Patients can be taught alternative ways to perform tasks 
that are hindered by arthritis (Table 29-1). For instance, 
they can get a device that helps them open jars and a 
larger grip for pens and pencils; they can change their 
doorknobs to levers. Prefabricated and custom hand-
based thumb spica splints can diminish the pain of 
trapeziometacarpal arthritis and may be most useful 
during certain tasks. Therapeutic modalities such as 
paraffi n baths may be benefi cial for some people. 

Contrast baths and ice massage are economical modali-
ties that can bring some relief.

Procedures

Injections

At best, an intra-articular injection of corticosteroids or 
hyaluronate will provide a few months of relief.6 Serious 
complications such as infection are rare. The worst as-
pect of an injection is the disappointment felt by pa-
tients when their hoped-for miracle cure is not forth-
coming, or—perhaps even worse—when the helpful in-
jection (be it placebo or otherwise) wears off after a few 
weeks to months. When the role of injections is accu-
rately described, patients rarely request them. Injections 
hurt and have some risks; most patients would like to 
avoid them unless they are going to provide some lasting 
relief or meaningful disease modifi cation. The number 
of corticosteroid injections at a single site is limited by 
the potential for skin discoloration, subcutaneous atro-
phy, and capillary fragility. I will not give more than 
three lifetime injections in the same area (Fig. 29-3).

Under sterile conditions, with use of a 25- to 27-gauge 
needle and a mixture of local anesthetic (e.g., 0.5 to 1 mL 
of 1% lidocaine) and corticosteroid (e.g., 0.5 to 1 mL of 
triamcinolone), the joint is injected. Small joints of the 
hand will not accommodate large volumes, so the total 
amount of fl uid injected should typically be in the range 
of 1 to 2 mL. It is helpful to distract the joint by pulling 
on the fi nger.

Surgery
Osteoarthritis of the hand is a part of human existence 
that all of us will experience if we are lucky to live long 
enough. It is probably safe to assume that most pa-
tients adapt well to their arthritis, have effective coping 
skills, and never bring the arthritis to the attention of 
a physician. Among those who do bring the problem 
to a physician’s attention, most are satisfi ed with an 
explanation of the disease process, the reassurance that 

TABLE 29-1 Basic Principles of Arthritis Management

Understand pain The pain does not refl ect ongoing harm; it is the result of the existing, permanent disease process. Any rest or 
activity restriction is voluntary and intended to diminish pain. Patients should be encouraged to continue in 
painful activities that they value without feeling guilty, neglectful, or irresponsible.

Activity modifi cation Patients can be taught alternative, less painful, and easier ways to accomplish daily tasks that do not rely on 
painful joints. Jar openers, pen grips, and door levers rather than knobs can be useful modifi cations.

Maintain strength and 
range of motion

Patients are encouraged to continue both daily activities and sports and exercise as a means for preserving 
active range of motion and muscle conditioning. Daily activities may be supplemented with active range of 
motion exercises targeted for specifi c joints.

Use stronger muscles 
and larger joints

Other adaptive techniques include instruction in how to limit stress on the smaller joints and weaker muscles of 
the hand. In addition, the patient can be taught to carry items close to the body or to cradle them in the entire 
arm to distribute loads, rather than relying on smaller muscles and joints of the hand to bear the entire load.

Use adaptive equipment 
or splints

The patient is provided with information on specifi c adaptive devices that are helpful in reducing or eliminating 
positions of deformity or stress on the smaller joints. Splints can be useful for limiting pain with specifi c activities.

Ch29_155-160-X4007.indd 157Ch29_155-160-X4007.indd   157 3/19/08 2:48:25 PM3/19/08   2:48:25 PM



158 M U S C U L O S K E L E T A L  D I S O R D E R S : H A N D  A N D  W R I S T

it is normal and inevitable, an understanding that the 
disease cannot be modifi ed, and suggestions for man-
agement and palliation. Although surgery provides 
fairly predictable pain relief, very few patients request 
operative treatment to reconstruct or to salvage the 
arthritic joint.

Distal Interphalangeal Joint

Infected mucous cysts are typically effectively treated 
with oral antibiotics (cephalexin or the equivalent to 
treat Staphylococcus aureus infection). Operative treat-
ment is necessary only for long-standing cases with po-
tential osteomyelitis. Because the joint is already se-
verely damaged, there is no need to be concerned about 
joint damage from the infection.

Aspiration of mucous cysts is rarely curative. Patients 
sometimes elect aspiration to reduce the size of a very 
large cyst or to improve skin cover when it has become 
thin and translucent. The recurrence rate is also high 
after surgery. Patients must choose between leaving the 
cyst alone and making an attempt to resolve it with sur-
gery, being mindful of the discomfort, inconvenience, 
and risks of surgery as well as the high recurrence rate. 
Arthrodesis of the distal interphalangeal joint is the 
only reliable cure for a mucous cyst, but it is rarely per-
formed for this purpose.

Patients usually request arthrodesis when there is sub-
stantial ulnar or radial deviation of the distal interpha-
langeal joint. It is more cosmetic than functional. Patients 
rarely request distal interphalangeal joint arthrodesis 
for pain.

Proximal Interphalangeal Joint

It is extremely uncommon to operate on idiopathic os-
teoarthritis of the proximal interphalangeal joint, prob-
ably a refl ection of the relatively low incidence and se-
verity of osteoarthritis at this joint compared with the 
distal interphalangeal joint and effective coping with an 
insidious, slowly progressive disease. Arthrodesis and 
arthroplasty (of nonborder digits with either silicone 
rubber or, experimentally, pyrocarbon implants) are 
both options at this joint and are usually considered for 

post-traumatic arthritis, and the indication is usually 
pain relief.

Arthrodesis is more predictable. Arthroplasty is used 
only in patients who are motivated to retain some mo-
bility at the sacrifi ce of pain relief and stability.7

Trapeziometacarpal Joint

The trapeziometacarpal joint is the most common upper 
extremity site of surgical reconstruction for osteoarthritis. 
Operative treatment consists of the salvage procedures 
arthrodesis and resection arthroplasty.8,9 Arthrodesis is 
less used because of the need for protection, the risk of 
nonunion, and the inability to place the hand fl at on the 
table that is often bothersome to patients. Some surgeons 
favor arthrodesis in younger patients who use the hand 
for strength, but this recommendation is not evidence 
based.

Reconstruction of the palmar oblique ligament without 
resection of the trapezium and extension osteotomy of 
the metacarpal are controversial treatments for a painful 
trapeziometacarpal joint in a relatively young patient 
with limited radiographic signs of arthritis. Neither pro-
cedure is known to affect the natural history of the dis-
ease, and until it is demonstrated to be better than sham 
surgery, it should be considered to be strongly subject to 
the placebo or meaning effect in my opinion.8 Patients 
with laxity related to a connective tissue disorder are not 
helped by ligament reconstruction; their only option is 
arthrodesis, and it is elective.

There are many variations of resection arthroplasty.10-12

The sources of variation include the following: the amount 
of trapezium resected; whether the palmar oblique liga-
ment is reconstructed and what technique and tendon are 
used; what, if anything, is placed in the space created by 
trapeziectomy (rolled up tendon, prosthesis, or other 
commercial spacers); operative approach (volar, direct 
radial, arthroscopic); pinning of the joint; and tendons 
used or included in the reconstruction. The result is that 
there are probably as many surgeries as surgeons. Simple 
trapeziectomy has been shown to be as effective as more 
sophisticated techniques in some prospective random-
ized trials,13,14 but many hand surgeons—who tend to be 

BA C

FIGURE 29-3. A, Needle placement into the carpometacarpal joint. B, Anteroposterior radiograph of the hand demonstrating needle placement into 
the fi rst carpometacarpal joint. C, Needle placement into the interphalangeal joint. (Reprinted with permission from Lennard TA. Pain Procedures in 
Clinical Practice, 2nd ed. Philadelphia, Hanley & Belfus, 2000.)
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concerned about persistent pain and are rather detail 
oriented—fi nd this simple resection arthroplasty rela-
tively unappealing. I favor simple trapeziectomy for its 
simplicity, safety, and quicker recovery,13 and my patients 
have been pleased with the results.

POTENTIAL DISEASE COMPLICATIONS
Hand osteoarthritis is a chronic, progressive disease that 
is a nuisance and not a danger. The only potential com-
plications are associated with treatments.

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory drugs have well-known 
side effects that most commonly affect the gastric, he-
patic, and renal systems. The newer nonsteroidal anti-
infl ammatory drugs (e.g., cyclooxygenase 2 inhibitors) 
have been associated with cardiovascular risks.15

The primary risks associated with injections are infection 
and an allergic reaction to the medication used, but both 
are extremely rare. Some patients develop a hematoma 
or complain of substantial pain after an injection.

Potential surgical complications include wound infec-
tion, silicone implant synovitis, and dissolution or ex-
trusion of tendon interpositional spacers or implants. 
The major source of dissatisfaction after surgery is per-
sistent pain, and its sources are controversial.

Complications of arthrodesis procedures include non-
union, infection, implant breakage, and extrusion.
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DEFINITION
Rheumatoid arthritis is a systemic infl ammatory disor-
der of unknown etiology. It is a progressive condition 
that results in deformity and dysfunction when synovial 
infl ammation erodes cartilage, bone, and soft tissues. 
However, the widespread early use of methotrexate dur-
ing the past 25 years has transformed rheumatoid ar-
thritis into a much less devastating disease.1 The recent 
availability of targeted biologic therapies, such as the 
tumor necrosis factor (TNF) antagonists, has further 
improved the outcome of rheumatoid arthritis.2 Surgery 
is becoming much less common and more straightfor-
ward in patients with rheumatoid arthritis.

SYMPTOMS
Presenting symptoms in the hand include joint pain in 
the fi ngers as well as stiffness and swelling, typically 
involving the proximal interphalangeal and metacarpo-
phalangeal joints but sparing the distal interphalangeal 
joints. Stiffness usually is most pronounced in the 
morning. If it is left untreated, rheumatoid arthritis may 
result in progressive deformity and disability.

PHYSICAL EXAMINATION
The evaluation of a rheumatoid arthritic hand should 
include the following: joint pain and infl ammation; joint 
stability; limitations in active and passive range of mo-
tion for grip and pinch strength defi cits; limitations in 
hand dexterity; and degree of disability with respect to 
self-care, vocational activities, and recreational activities.

Early in the course of disease, involved joints are usu-
ally stiff, painful, and swollen as synovitis predomi-
nates. In some patients, the fi rst sign of rheumatoid 
arthritis may be extensor tenosynovitis on the dorsum 
of the hand and wrist. Chronic synovitis may destroy 
capsuloligamentous and tendinous structures, creating 
laxity and deformity. In rheumatoid arthritis, in con-
trast to the arthritis of systemic lupus erythematosus, 
this soft tissue damage is usually accompanied by de-
struction of bone with periarticular erosions evident 
on plain radiographs.

Typical hand deformities associated with advanced 
rheumatoid arthritis include boutonnière deformity 
(fl exion deformity of the proximal interphalangeal 
joint and extension deformity of the distal interpha-
langeal joint) and swan-neck deformity (hyperexten-
sion of the proximal interphalangeal joint with fl ex-
ion of the distal interphalangeal joint). It is not 
uncommon to see varying patterns on the fi ngers of 
one hand (Fig. 30-1).

Inability to extend the index through small fi ngers 
may be due to the following: deformity and sublux-
ation or dislocation of the index through small fi nger 
metacarpophalangeal joints; ulnar translocation of 
the extensor tendons due to laxity and destruction of 
the radial sagittal bands; extensor tendon ruptures 
due to a combination of dorsal tenosynovitis and dis-
tal radioulnar joint deformity or abrasions; or poste-
rior interosseous nerve compression by elbow synovi-
tis. Ulnar drift of the fi ngers usually accompanies each 
of these deformities.

Rupture of the extensor tendons usually proceeds in a 
sequence from ulnar to radial, referred to as the Vaughn-
Jackson syndrome.3 Mannerfelt syndrome is the equiva-
lent on the volar side, progressing from the thumb to the 
index and long fi ngers, producing tendon ruptures as a 
result of synovitis and scaphotrapezial trapezoid irregu-
larity.4

Synovitis in the wrist results in volar and ulnarward 
subluxation and supination of the hand in relation to 
the forearm. This wrist deformity can exacerbate the 
Vaughn-Jackson syndrome and ulnar drift.

Synonyms
Rheumatoid arthritis
Rheumatism
Infl ammatory arthritis

ICD-9 Code
714.0 Rheumatoid arthritis
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FUNCTIONAL LIMITATIONS
Surgery is considered when correction of a deformity 
will improve function. Rheumatoid deformities pro gress
slowly, and patients often adapt well. In some cases, 
realignment or stabilization of one joint or fi nger will 
actually decrease function because it will interfere with 
an adaptive mechanism. For this reason, surgery for 
rheumatoid deformity must carefully match the func-
tional desires and goals of the patient with the risks and 
benefi ts of operative intervention. Many severe deformi-
ties are left untreated when patients have adapted well.

DIAGNOSTIC STUDIES
The diagnosis of rheumatoid arthritis is based predomi-
nantly on its clinical presentation. Laboratory testing is 
used to monitor disease activity and toxicity of drug 
therapy. Acute-phase reactants, such as C-reactive protein 
and erythrocyte sedimentation rate, may be elevated in 
the setting of active joint infl ammation. The majority of 
patients with rheumatoid arthritis have circulating rheu-
matoid factor or antibodies to cyclic citrullinated pep-
tides. The presence of one of these serologic markers sug-
gests a more aggressive and destructive disease course.

Diffuse periarticular osteopenia is the earliest radio-
graphic sign of rheumatoid arthritis. Joint space narrow-
ing and periarticular erosions may be observed in more 
than half of patients with rheumatoid arthritis during 
the fi rst 2 years of disease.5 If left untreated, joints in-
volved by rheumatoid arthritis may be destroyed by 
chronic synovitis.

Diagnostic ultrasonography has recently been used to 
detect early erosions and joint swelling in patients with 
rheumatoid arthritis.6 Magnetic resonance imaging of 
the hand may reveal synovitis and erosions early in the 
course of rheumatoid arthritis. However, the plain ra-
diograph remains the “gold standard” for diagnostic 
imaging of rheumatoid arthritis.

TREATMENT
Initial
Nonsteroidal anti-infl ammatory drugs decrease pain 
and infl ammation by inhibiting prostaglandin synthe-
sis; they do not inhibit synovial proliferation and thus 
do not slow the progression of bone erosion and joint 
destruction. Low-dose corticosteroids also reduce symp-
toms of joint infl ammation; but unlike nonsteroidal 
anti-infl ammatory drugs, low-dose corticosteroids re-
tard the progression of joint destruction. However, the 
widespread use of corticosteroids is limited by their 
many deleterious side effects, including osteoporosis, 
osteonecrosis of bone, cataracts, cushingoid features, 
and hyperglycemia.

During the past 25 years, the widespread and early use 
of low-dose weekly methotrexate has transformed rheu-
matoid arthritis into a much less destructive disease than 
it had been previously. Lefl unomide also may be used to 
suppress synovial proliferation and joint destruction.7
Other slow-acting antirheumatic drugs that have been 
used to treat rheumatoid arthritis include antimalarial 
drugs such as hydroxychloroquine, sulfasalazine, intra-
muscular and oral gold, D-penicillamine, immunosup-
pressive agents (azathioprine and cyclophosphamide), 
and cyclosporine.

During the past decade, targeted biologic therapies have 
been introduced to treat rheumatoid arthritis and other 
infl ammatory diseases. TNF antagonists, such as etaner-
cept, infl iximab, and adalimumab, result in the rapid and 
marked improvement of signs and symptoms of joint 
infl ammation and dramatically slow the rate of joint de-
struction.8-10 Abatacept (an inhibitor of T-cell costimula-
tion) and rituximab (a monoclonal anti–B-cell antibody) 
have recently been approved by the U.S. Food and Drug 
Administration for treatment of patients with rheuma-
toid arthritis who have been inadequately responsive to 
TNF antagonists. Each of these agents is most effective 
when it is used in combination with methotrexate.11,12

Rehabilitation
Rehabilitation of the rheumatoid hand involves rest-
ing of the involved joints, modifi cation of activities 
that stress the joints, joint protection and work 

FIGURE 30-1. Rheumatoid hand. Note the multiple presentations in one 
hand: ulnar drift at the metacarpophalangeal joints, swan-neck deformities 
of the third and fourth fi ngers, boutonnière deformity of the fi fth fi nger, 
volar subluxation at the metacarpophalangeal joint, and radial rotation of 
the metacarpals.

Differential Diagnosis

Septic arthritis

Psoriatic arthritis

Systemic lupus erythematosus

Gout

Lyme disease

Calcium pyrophosphate dihydrate deposition disease 
(pseudogout)
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simplifi cation instructions (refer to Table 29-1), splint-
ing regimens, heat modalities followed by gentle 
active range of motion exercise, and resistive exercise 
(see also Chapter 29).

Flexor and Extensor Tendon Reconstruction 
Postoperative Rehabilitation

The rehabilitation protocol after fl exor and extensor 
tendon reconstruction varies according to the injury, 
operative technique, and preferences of the surgeon. 
Most surgeons protect repairs with cast or splint immo-
bilization for 4 to 6 weeks. Active and active-assisted 
motion is then encouraged.

Metacarpophalangeal Joint Postoperative 
Rehabilitation

There is also substantial variation in the preferences of 
surgeons for rehabilitation after metacarpophalangeal 
arthroplasty; however, continuous passive motion and 
dynamic splinting have not proved better than a month 
of cast immobilization with active-assisted motion exer-
cises thereafter.13

Interphalangeal Joint Postoperative Rehabilitation

Interphalangeal joint arthrodesis is usually performed 
with internal fi xation that allows the patient to be 
splint free and to work on active motion of the meta-
carpophalangeal joints immediately. Rehabilitation 
after implant arthroplasty of the proximal interpha-
langeal joint varies according to operative exposure. 
Patients treated through a volar exposure begin active 
exercises within a few days, but patients in whom the 
extensor tendon or a collateral ligament was taken 
down and repaired during surgery are immobilized 
for about 4 weeks initially.

Procedures
Injection of intra-articular steroids may halt progression 
of the synovitis in a given joint. A good rule of thumb is 
no more than three injections spaced at least 3 months 
apart (refer to Chapter 29 for procedure details).

Surgery
Indications for surgery include pain relief and func-
tional restoration; however, one of the most striking 
benefi ts—and the source of patients’ satisfaction—from 
hand surgery in rheumatoid arthritis is improvement in 
the appearance of the hand.14 The goals may be differ-
ent when both hands have severe deformities. One may 
be addressed in a way that enhances fi ne motor skills, 
whereas the other is prepared for gross functional tasks 
requiring strength.

Some have advocated advancement from proximal to 
distal in rheumatoid hand reconstruction, arguing that 
if the hand cannot be placed in useful positions in 
space, postoperative rehabilitation will be hindered. 
Wrist deformity affects hand deformity and is usually 
corrected fi rst or simultaneously.15

Extensor Tendon Surgery

Patients with extensor tenosynovitis (see also 
Chapter 26) present with a painless dorsal wrist mass 
distal to the retinaculum of the wrist. Tenosynovec-
tomy is indicated to establish diagnosis and to pre-
vent tendon rupture, which is uncommon after this 
surgery. Treatment of tendon rupture involves transfer 
of the distal end of the ruptured tendon to an adjacent 
tendon. In the event of multiple tendon ruptures, ten-
don transfer from the volar side may be indicated. 
When both wrist extensor tendons are ruptured on the 
radial side, arthrodesis is required.16

Flexor Tendon Surgery

Flexor tenosynovitis (see also Chapter 27) can con-
tribute to a rheumatoid patient’s complaints of weak 
grasp, morning stiffness, volar swelling, and median 
nerve compression. A tenosynovitis may be diffuse or 
create discrete nodules that can limit tendon excur-
sion. At the wrist, tenosynovial biopsy is indicated for 
median nerve compression, painful tenosynovial 
mass, or tendon rupture. The tendon most commonly 
ruptured is the fl exor pollicis longus. A tendon bridge 
graft, a two-stage fl exor graft, or a tendon transfer can 
be performed to reconstruct the rupture. A ruptured 
profundus tendon is sutured to an adjacent intact ten-
don. The presence of one tendon rupture is an indica-
tion to promptly perform surgery to prevent further 
tendon damage.

The palm is the most common location of fl exor teno-
synovitis. Indications for fl exor tenosynovectomy in the 
palm include pain with use, triggering, tendon rupture, 
and passive fl exion of the fi ngers that is greater than ac-
tive fl exion. For tendon rupture within a digit, a distal 
interphalangeal joint fusion should be considered. 
When both tendons are ruptured in the digit, consider-
ation should be given to a staged tendon graft or fusion 
of both the proximal interphalangeal and the distal in-
terphalangeal joints.

Metacarpophalangeal Joint Surgery

The most common deformities of the metacarpopha-
langeal joint are palmar dislocation of the proximal 
phalanx and ulnar deviation of the fi ngers. As the 
infl ammatory process disrupts the digit stabilizers, 
anatomic forces during use of the hand propel the 
digits into ulnar deviation. Metacarpophalangeal syn-
ovectomy is indicated for the painful, persistent 
metacarpophalangeal joint synovitis that has not 
responded to medical treatment and demonstrates 
minimal cartilage destruction on inspection or ra-
diographically. Silicone implant arthroplasty is indi-
cated in patients with diminished range of motion, 
marked fl exion contractures, poor functional posi-
tion, severe ulnar drift, and loss of function. Long-
term studies have shown mild loss of motion over 
time and some recurrent deformity in patients whose 
disease course is progressive, but in general, the re-
sults are excellent.17
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Interphalangeal Joint Surgery

There are two types of proximal interphalangeal joint 
deformities, the boutonnière deformity and the swan-
neck deformity. Surgical intervention, such as fl exor 
sublimis tenodesis or oblique retinacular ligament re-
construction, is designed to prevent hyperextension. On 
occasion, there is a mallet of the distal interphalangeal 
joint that can be corrected by partial extension. In later 
disease, intrinsic tightness requires release. In late swan-
neck deformity with loss of proximal interphalangeal 
movement, implant arthroplasty of the proximal inter-
phalangeal joint as well as suffi cient soft tissue immobi-
lization and release to achieve movement in fl exion once 
again is required. In late deformities, especially in the 
index and middle fi ngers, arthrodesis may be required. 
Implant arthroplasties are recommended for the proxi-
mal interphalangeal joints of the ring and small fi ngers.

In early boutonnière deformity, proximal interphalan-
geal joint synovectomy may be accompanied by postop-
erative splinting or joint injection. In distal extensor 
compromise, tenotomy can gain distal interphalangeal 
joint fl exion. In late disease, fi xed fl exion contracture 
with inability to passively extend the proximal interpha-
langeal joint may be present. Restoration of the extensor 
tendon function by itself will be unsuccessful. Treat-
ment options are proximal interphalangeal arthrodesis 
or arthroplasty with a Silastic implant. Long-term re-
sults reveal signifi cant loss of range of motion of the 
proximal interphalangeal joint, but the deformity and 
pain level are markedly improved.

The thumb presents with two types of deformities. One is 
the boutonnière deformity with fl exion of the metacarpo-
phalangeal joint and extension of the interphalangeal 
joint. The other is the swan-neck deformity with abduction 
subluxation of the base of the thumb metacarpal, hyperex-
tension of the metacarpophalangeal joint, and fl exion de-
formity of the interphalangeal joint of the thumb. This 
once again is caused by synovitis, and synovectomy and 
tendon reconstruction in early deformity may be helpful. 
For more severe swan-neck deformity, carpometacarpal 
arthrodesis or arthroplasty may be neces sary. There are 
many more complex deformities that can be discussed, 
but they are beyond the scope of this chapter.

POTENTIAL DISEASE COMPLICATIONS
Complications of rheumatoid disease in the hand in-
clude severe loss of function with complete joint de-
struction, severe fl exion and ulnar deviation deformities 
of the digits, and severe swan-neck and boutonnière 
deformities. Chronic intractable pain is also a common 
complication of the disease.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications of treatment include infection, hardware 
breakage, nonunion, Silastic implant breakage, silicone 
synovitis, and progression of deformity. All of these 
eventually lead to loss of function of the hand.

Nonsteroidal anti-infl ammatory drugs have associated 
toxicities that most commonly affect the gastric, he-
patic, renal, and cardiovascular systems. Methotrexate 
may cause liver, hematologic, and, less frequently, lung 
toxicity. Thus, all patients receiving low-dose weekly 
methotrexate therapy should have complete blood 
count and liver function monitoring at least every 
8 weeks.18

The effi cacy of targeted biologic therapies is tempered 
by potential toxicities. Because TNF antagonist therapy 
increases the risk for reactivation of latent tuberculosis, 
all patients for whom TNF antagonist therapy is consid-
ered should undergo PPD testing. If the PPD test result 
is reactive, treatment of latent tuberculosis should be 
initiated before treatment is begun with a TNF antago-
nist. Also, because the severity of bacterial infections 
may be increased in patients receiving TNF antagonist 
therapy, all patients taking these medications should be 
warned to seek immediate medical attention if signs or 
symptoms of infection develop.2
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DEFINITION
Kienböck disease is defi ned as avascular necrosis of the 
lunate, unrelated to acute fracture, often leading to frag-
mentation and collapse. Although the precise etiology 
and natural history of this disorder remain unknown, in-
terruption of the blood supply to the lunate is undoubt-
edly a part of the process. Trauma has been implicated as 
a cause.1-3 This disease occurs most often in the dominant 
hand of men in the age group of 20 to 40 years. Many of 
these patients are manual laborers who report a history of 
a major or repetitive minor injury. Associations have also 
been made between Kienböck disease and corticosteroid 
use, cerebral palsy, systemic lupus erythematosus, sickle 
cell disease, gout, and streptococcal infection.

An important radiographic observation has been made 
regarding the radius-ulna relationship at the wrist and 
the development of Kienböck disease.4 In these pa-
tients, the ulna is generally shorter than the radius, a 
fi nding termed ulnar negative (or minus) variance. 
Normally, the lunate rests on both the radius and the 
triangular fi brocartilage complex covering the ulnar 
head. It has been speculated that when the ulna is 
signifi cantly shorter than the radius, a shearing effect 
occurs in the lunate, which can make it more suscep-
tible to injury.

SYMPTOMS
Presenting symptoms include chronic wrist pain, 
decreased range of motion, and weakness.5 The pain is 
usually deep within the wrist, although the patient 

often points to the dorsum of the wrist, and is 
aggravated by activity. Some patients complain of a 
pressure-like pain that may awaken them. A history of 
recent trauma is often provided; however, many pa-
tients report having had long-standing mild wrist pain 
preceding the recent injury. Symptoms may often be 
present for months or years before the patient seeks 
medical attention.

PHYSICAL EXAMINATION
Mild dorsal wrist swelling and tenderness in the mid-
dorsal aspect of the wrist may be present. Wrist fl exion 
and extension are limited. Forearm rotation is usually 
preserved. Grip strength is often considerably less on 
the affected side.

FUNCTIONAL LIMITATIONS
Functional limitations include diffi culty with heavy 
lifting, gripping, and activities involving the extremes 
of wrist motion. Many heavy laborers are unable 
to perform the essential tasks required of their 
occupation.

DIAGNOSTIC STUDIES
The initial diagnostic imaging for suspected Kienböck 
disease includes standard wrist radiographs. Early in 
the disease process, the radiographs may be normal. 
With time, a characteristic pattern of deterioration oc-
curs, beginning with sclerosis of the lunate, followed 
by fragmentation, collapse, and fi nally arthritis6,7

(Fig. 31-1). A radiographic staging system for Kien-
böck disease, proposed by Lichtman, is helpful in de-
scribing the extent of the disease and guiding treat-
ment1 (Table 31-1).

For clinical suspicion of Kienböck disease with normal 
radiographs, a technetium bone scan or magnetic reso-
nance imaging (MRI) may be helpful. In fact, MRI has 
probably supplanted plain radiography for the detec-
tion and evaluation of the early stages of Kienböck 
disease when there has been no trabecular bone 
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Synonyms
Lunatomalacia
Osteonecrosis of the lunate
Avascular necrosis of the lunate

ICD-9 Codes
715.23 Osteoarthrosis of the wrist, secondary
732.3  Kienböck disease
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destruction. Characteristic signal changes include de-
creased signal on T1-weighted and increased signal on 
T2-weighted images (Fig. 31-2). Computed tomogra-
phy is more effective than MRI in assessing for fracture 
of the lunate, but it provides limited information about 
its vascularity (Figs. 31-3 and 31-4).

TREATMENT
Initial
Given the limited information about the etiology and 
natural history of this uncommon disease, it is not sur-
prising that the treatment has not been standardized. 

FIGURE 31-1. Advanced Kienböck disease. Cystic and sclerotic changes 
are present within the collapsed lunate (arrow).

TABLE 31-1 Stages of Kienböck Disease

Stage I Normal radiographs or linear fracture

Stage II Lunate sclerosis, one or more fracture lines with 
possible early collapse on the radial border

Stage III Lunate collapse

    IIIA Normal carpal alignment and height

    IIIB Fixed scaphoid rotation (ring sign), carpal height 
decreased, capitate migrates proximally

Stage IV Severe lunate collapse with intra-articular 
degenerative changes at the midcarpal joint, 
radiocarpal joint, or both

FIGURE 31-2. MRI in Kienböck disease. T1-weighted images demon-
strate diffuse low signal within the lunate (arrow).

Differential Diagnosis

Wrist sprain

Scapholunate ligament tear

Osteoarthritis

Ganglion

Infl ammatory arthritis (e.g., rheumatoid arthritis)

Preiser disease (avascular necrosis of the scaphoid)

Tendinitis

Scaphoid fracture
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Without surgery, progressive radiographic collapse and 
radiographic arthritis almost invariably occur.5 How-
ever, symptoms correlate only weakly with the radio-
graphic appearance, and many patients maintain good 
long-term function.8 The goals of surgery ideally would 
be to relieve the pain and to halt the progression of the 
disease. Surgical interventions appear to be relatively 
effective in achieving the fi rst goal but have not as yet 
reliably altered the radiographic deterioration of the 
lunate. Consequently, treatment options range from 
simple splints to external fi xation and from radial short-
ening to vascularized grafts to fusions. Factors taken 
into consideration in assigning treatment include stage 
of the disease; ulnar variance; and age, occupation, 
pain, and functional impairment of the patient.9 In gen-
eral, young, active patients should be treated more con-
servatively before moving to major procedures that 
compromise wrist function and range of motion.

Many clinicians prefer to begin with symptomatic treat-
ment. Depending on the situation, this may involve a 
splint and activity modifi cation or a short arm cast. 
However, an appropriate length of immobilization has 
not been established. Some clinicians have attempted 
this treatment for as long as 1 year, but most clinicians 
prescribe a cast for 6 to 12 weeks. The immobilization 
probably helps the pain associated with synovitis and 
with wrist activity and motion; however, it does nothing 
to alter the vascularity of the bone or the shear stresses 
across the lunate. The patient should be informed that 
the radiographs will, in all likelihood, demonstrate 
worsening of the disease over time.

Pain can be treated with analgesics, including nonsteroi-
dal anti-infl ammatory drugs. Narcotic medications are 
generally not recommended because of the chronicity of 
this condition.

Rehabilitation
Rehabilitation does not play a major role early in con-
servative treatment. Once the pain has subsided, gentle 
range of motion and strengthening may be initiated. 
Therapy is important for the postoperative patient, par-
ticularly if an intra-articular procedure has been per-
formed or an external fi xator has been applied. The 
wrist is typically immobilized postoperatively until the 
vascularized graft or fusion has healed (about 6 weeks). 
At that point, occupational or physical therapy can ef-
fectively begin with gentle range of motion exercises, 
gradually progressing to strengthening exercises.

Procedures
Intra-articular steroids are of no proven benefi t in the 
management of Kienböck disease.

Surgery
Some authors believe that the majority of patients 
treated nonoperatively do well,6 whereas others believe 
that surgery is indicated for the majority of patients 
with Kienböck disease.10-12 The surgical treatment op-
tions for this disease may be divided into stress reduc-
tion (unloading), revascularization, lunate replacement, 
and salvage procedures.9 Radial shortening of 2 to 3 mm 
is currently the most popular procedure for early-stage 
Kienböck disease in the setting of ulnar minus vari-
ant.10,13 The goal is to make the radius and ulna lengths 
the same and thus to reduce shear forces on the lunate. 
Other unloading procedures include limited wrist fu-
sion and external fi xation.14 Revascularization proce-
dures have shown promise in the management of avas-
cular necrosis of the lunate.15,16 The most popular of the 
pedicled bone grafts, based on the extensor compart-
mental arteries of the wrist, is transplanted from the 
distal radius into the lunate. In one series with relatively 
short-term follow-up, signifi cant pain relief was ob-
served in 92% of patients, and actual lunate revascular-
ization was seen in 60% on follow-up MRI.15 An in-
triguing method of indirect revascularization of the 
lunate has been proposed by Illarramendi and col-
leagues,17 who perform a metaphyseal decompression 
of the radius and ulna, without violating the wrist joint. 
In their series, 16 of 20 patients were pain free at an 
average of 10 years postoperatively.

When the lunate has collapsed to the point that it is not 
reconstructable, salvage procedures such as proximal 
row carpectomy and partial or total wrist arthrodesis are 
considered. Obviously, these procedures sacrifi ce mo-
tion in an effort to provide pain relief. The results of the 
various procedures are dependent, to some extent, on 
the stage of the disease. Wrist arthroscopy may be of 
some benefi t in determining the extent of the disease 
and in selecting the appropriate salvage procedure.18

Regardless of the specifi c type of salvage procedure, 
most authors report 70% to 100% satisfaction of pa-
tients. Advanced arthritis (stage IV) is generally best 
treated with a total wrist arthrodesis.

a

b

c
d

e
f h

g

FIGURE 31-3. Posteroanterior view of the wrist demonstrating the prox-
imal and distal carpal rows. a, scaphoid; b, lunate; c, triquetrum; d, pisiform; 
e, trapezium; f, trapezoid; g, capitate; and h, hamate. (Reprinted with per-
mission from Jebson PJL, Kasdan ML, eds. Hand Secrets. Philadelphia, 
Hanley & Belfus, 1998:220.)
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POTENTIAL DISEASE COMPLICATIONS
Without surgery, progressive radiographic collapse of 
the lunate and arthritis of the wrist invariably occur.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Infection is un-
common after hand surgery. Complications such as nerve 
injury, painful hardware, and stiffness of the wrist and 
digits are inherent in hand surgery. A radial shortening 
osteotomy or partial wrist fusion may fail to heal (non-
union). Secondary wrist arthritis can develop after partial 
wrist fusions or proximal row carpectomy. Grip strength 
virtually never returns to normal. Finally, and most im-

portant, whether surgery favorably alters the natural his-
tory of this rare condition remains unproven.

A

B
C

D

E

FIGURE 31-4. The stages of Kienböck disease. A, Stage I. T1-weighted MRI 
shows marked signal reduction in the lunate, compatible with loss of blood 
supply. B, Stage II. Density changes in the lunate as indicated by sclerosis. 
Note the ulnar minus variance. C, Stage IIIA. Collapse of the lunate. There are 
no fi xed carpal derangements. D, Stage IIIB. Decreased carpal height and 
proximal migration of the capitate. Note the scaphoid cortical ring sign 
(arrow). E, Stage IV. Generalized degenerative changes in the carpus. (Re-
printed with permission from Weinzweig J, ed. Plastic Surgery Secrets. 
Philadelphia, Hanley & Belfus, 1999:605-606.)
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DEFINITION
Carpal tunnel syndrome (CTS), an entrapment neu-
ropathy of the median nerve at the wrist, is the most 
common compression neuropathy of the upper extrem-
ity. This syndrome produces paresthesias, numbness, 
pain, subjective swelling, and, in advanced cases, mus-
cle atrophy and weakness of the areas innervated by the 
median nerve. The condition is often bilateral, although 
the dominant hand tends to be more severely affected.

CTS is thought to result from a compression of the me-
dian nerve as it passes through the carpal tunnel. The 
clinical presentation is variable. Whereas there is some 
variation as to what should be included in this defi ni-
tion, CTS is most often thought to involve sensory 
changes in the radial 31⁄2 digits of the hand with burn-
ing, tingling, numbness, and a subjective sense of swell-
ing. Those affected often fi rst note symptoms at night. 
In the later stages, complaints include motor weakness 
in the thenar eminence.

It is helpful to think of the carpal tunnel as a structure 
with four sides, three of which are defi ned by the carpal 
bones and the fourth, the “top” of the tunnel, by the 
transverse carpal ligament (Figs. 32-1 and 32-2). Passing 
through the tunnel are the median nerve and nine ten-
dons with their synovial sheaths; these include the fl exor 
pollicis longus, the four fl exor digitorum superfi cialis, and 
the four fl exor digitorum profundus tendons. None of the 
sides of the tunnel yields well to expansion of the fl uid or 
structures within. Because of this, swelling will increase 
pressure within the tunnel and may result in compression 
of the median nerve. CTS occurs more commonly in 
women than in men, with a population prevalence of 
5.8% in women and 0.6% in men1; it is most common in 

middle-aged persons between the ages of 30 and 60 years. 
The older adults may have objective clinical and electro-
physiologic evidence of a more severe median nerve en-
trapment.2 One survey of employees who were frequent 
computer users found that their frequency of CTS was 
similar to that in the general population.3 It has been re-
ported that computer use does not pose a severe occupa-
tional hazard for development of symptoms of CTS.4

SYMPTOMS
The classic symptoms of CTS include numbness and 
paresthesias in the radial 31⁄2 fi ngers (Fig. 32-3). A typi-
cal early complaint is awakening in the night with 
numbness or pain in the fi ngers. Symptoms during the 
day are often brought out by activities placing the wrist 
in substantial fl exion or extension or requiring repeti-
tive motion of the structures that traverse the carpal 
tunnel. Numbness and pain in the hand may also in-
clude volar wrist pain and aching at the forearm. The 
patient may describe the symptoms as being positional, 
with symptoms relieved by the shaking of a hand, often 
referred to as the fl ick sign. Patients may complain of a 
sense of swelling in the hands, often noting that they 
have diffi culty wearing jewelry or watches, with this 
sensation fl uctuating throughout the day or week.5
Some patients also report dry skin and cold hands. In 
the later stages of CTS, the numbness may become con-
stant and motor disturbances more apparent, with com-
plaints of weakness manifested by a functional decrease 
of strength. Patients may then report dropping objects.

PHYSICAL EXAMINATION
Careful observation of the hands, comparing the affected 
side with the unaffected side and comparing the thenar 
and hypothenar eminences of the same hand, may reveal 
an increasing asymmetry. Weakness of the thenar intrinsic 
muscles of the hand can be tested with a dynamometer 
or clinically by testing abduction of the thumb against 
resistance. A two-point sensory discrimination task is 
thought to be the most sensitive of the bedside examina-
tion techniques. This involves a comparison of the 
two-point discriminating sensory ability of the median 
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with that of the ulnar nerve distribution of the hand. The 
more common special tests include the Phalen, the Tinel, 
and the nerve compression tests. The Phalen test involves 
a forced fl exion at the wrist to 90 degrees for a period of 
1 minute; a positive test result reproduces the symptoms 
of CTS (Fig. 32-4). The reverse Phalen maneuver is the 
same test completed with forced extension. The Tinel test 
involves tapping sharply over the volar aspect of the wrist 
just distal to the distal wrist crease. The test result is posi-
tive when a sensory disturbance radiates down the region 
of the distribution of the median nerve. The nerve com-
pression test involves the placement of two thumbs over 
the roof of the carpal tunnel, with pressure maintained 
for 1 minute. The test result is positive if symptoms are 
reproduced in the area of the distribution of the median 
nerve. A review showed an overall estimate of 68% 
sensitivity and 73% specifi city for the Phalen test, 50% 
sensitivity and 77% specifi city for the Tinel test, and 
64% sensitivity and 83% specifi city for the carpal com-
pression test. Two-point discrimination and testing of 
atrophy or strength of the abductor pollicis brevis proved 
to be specifi c but not very sensitive.6

FIGURE 32-1. Radiographic demonstration of the carpal tunnel (for ori-
entation, the hand is in the same position in the radiograph). The carpal 
tunnel is formed radially, ulnarly, and dorsally by the carpal bones. (Re-
printed with permission from Concannon M. Common Hand Problems in 
Primary Care. Philadelphia, Hanley & Belfus, 1999:134.)

FIGURE 32-2. The volar carpal ligament (line) forms the roof of the carpal 
tunnel. This thick, fi brous structure does not yield to expansion, and in-
creased pressure within the carpal tunnel can cause impingement of the 
median nerve. (Reprinted with permission from Concannon M. Common 
Hand Problems in Primary Care. Philadelphia, Hanley & Belfus, 1999:134.)

FIGURE 32-3. Patients with carpal tunnel syndrome complain of numb-
ness or paresthesia within the median nerve distribution (gray area, 
arrows). (Reprinted with permission from Concannon M. Common Hand 
Problems in Primary Care. Philadelphia, Hanley & Belfus, 1999:135.)
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FUNCTIONAL LIMITATIONS
Functional limitations of CTS often include diffi culty 
with sleep due to frequent awakenings by the symp-
toms. Because certain sustained or repetitive motions 
are diffi cult, tasks that often become more diffi cult in-
clude driving a car and sustained computer keyboard 
use at work. The later symptom of weakness in the the-
nar eminence may result in diffi culty maintaining grip. 
Profound CTS may result in functional limitations such 
as the inability to tie one’s shoes, to button shirts, and 
to put a key in a lock.

DIAGNOSTIC STUDIES
Whereas CTS is a syndrome rather than a singular fi nd-
ing, it is often suggested that the “gold standard” test of 
CTS is electrodiagnostic testing. Electromyography and 
nerve conduction studies can confi rm the diagnosis, 
determine the severity (if any) of nerve damage, guide 
and measure the effect of treatment, and rule out other 
conditions such as radiculopathy and brachial plexopa-
thy. Ultrasound studies, which reveal an enlarged me-
dian nerve, may assist with the diagnosis.7

Others have advocated the injection of corticosteroids 
or bupivacaine into the carpal tunnel. If the injection is 
accompanied by a relief of symptoms, it provides diag-
nostic evidence of CTS.8

A wrist radiograph may be helpful if a fracture or degen-
erative joint disease is suspected.

Blood tests should be ordered if underlying rheumato-
logic disease or endocrine disturbance is suspected. 
These include fasting blood glucose concentration, 
erythrocyte sedimentation rate, thyroid function, and 
rheumatoid factor.

TREATMENT
Initial
Once the diagnosis is established, treatment should 
begin with conservative management. Nighttime wrist 
splinting in a neutral position may help reduce or com-
pletely relieve CTS symptoms. Full-time use, if tolerable, 
has been shown to provide greater improvement of 
symptoms and electrophysiologic measures. Compli-
ance with full-time use is more diffi cult.9 The majority 
of patients will achieve maximal symptom relief through 
splinting within 2 to 3 weeks. The optimal length of 
time for splint placement before it is decided to proceed 
with more invasive techniques is not completely clear.10

Nonsteroidal anti-infl ammatory drugs are frequently 
prescribed as an adjunct to wrist splinting. However, 
some studies have demonstrated that nonsteroidal anti-
infl ammatory drugs are often no more effective than 
placebo in relieving the symptoms of CTS.11,12 The use 
of oral steroids (prednisone in doses of 20 mg daily for 
the fi rst week and 10 mg daily for the second week,13 or 
prednisolone at 25 mg daily for 10 days14) has proved 
to be of some benefi t, although not as impressive as the 
results noted through injection.14 Frequent periods of 
rest of the wrist should be prescribed, especially when 
vocational activities involve sustained positioning or 
repetitive and forceful fl exion or extension of the wrist. 
Ice after periods of use may be effective for symptom 
relief. Positioning of the body while a task is being per-
formed should be reviewed to relieve unnecessary strain 
as necessary motions are performed.

Rehabilitation
Rehabilitation must address the issue of overuse, which 
exacerbates the symptoms of CTS in many individuals. 
As with all overuse symptoms, occupational therapists 
can be helpful in instructing patients in relative rest and 
improved ergonomics. During these periods of rest, 

FIGURE 32-4. Phalen test. Patients maximally fl ex both wrists and hold 
the position for 1 to 2 minutes. If symptoms of numbness or paresthesia 
within the median nerve distribution are reproduced, the test result is 
positive. (Reprinted with permission from Concannon M. Common Hand 
Problems in Primary Care. Philadelphia, Hanley & Belfus, 1999:136.)

Differential Diagnosis

Cervical radiculopathy in C5 to T1 distribution

Brachial plexopathy

Proximal median neuropathy

Ulnar or radial neuropathy

Generalized neuropathy

Arthritis of carpal-metacarpal joint of thumb

de Quervain tenosynovitis

Tendinitis of the fl exor carpi radialis

Raynaud phenomenon

Hand-arm vibration syndrome

Arthritis of the wrist

Gout
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fl exion and extension stretching of the wrist and fore-
arm may be useful, with the patient using the unaf-
fected hand. Although many therapists advocate 
strengthening as part of a treatment program, aggressive 
strengthening exercises should be avoided until symp-
tom relief is nearly complete.

Because overuse syndromes involve a degree of edema, 
icing after long periods of use has been advocated to 
reduce the pain and swelling. In addition, it is impor-
tant that patients be instructed in a program of general 
physical conditioning; generalized deconditioning exac-
erbates the symptoms of CTS.15

Procedures
The patient can also be treated with corticosteroid injec-
tions into the carpal tunnel. A number of authors have 
suggested various injection techniques to avoid direct 
injury to the median nerve.16-19

For injection into the carpal tunnel (Fig. 32-5), 1 mL 
of steroid (triamcinolone, 40 mg/mL) can be injected 
under sterile conditions. For delivery, one should use a 
5⁄8-inch, 27-gauge needle, placing the needle proximal to 
the distal wrist crease and ulnar to the palmaris longus 
tendon. The needle should be directed dorsally and an-
gled at 30 degrees to a depth of about 5⁄8 inch (the length 
of the needle) or contact with a fl exor tendon. Slowly 
inject 1 mL of the corticosteroid. Anesthetics are not 
typically used in this injection unless for diagnostic veri-
fi cation. In individuals lacking a palmaris longus tendon 
(about 2% to 20% of the population), the needle can be 

placed midpoint between the ulna and radial styloid 
process. The injection will increase the volume of fl uid 
within the carpal tunnel and thus may exacerbate the 
discomfort for a few hours; relief is expected within the 
24 to 48 hours after injection.

Surgery
Carpal tunnel release surgery should be considered in 
patients with symptoms that do not respond to conser-
vative measures and for whom electrodiagnostic test-
ing clearly confi rms median neuropathy at the wrist. 
Surgery is also indicated when there are signs of atro-
phy or muscle weakness. The overall effi cacy of the 
operative procedure is good, and it has been reported 
that open carpal tunnel release results in a better 
symptomatic and neurophysiologic outcome com-
pared with steroid injection in patients with idiopathic 
CTS during a 20-week period.20 The open release of the 
transverse carpal ligament represents the standard pro-
cedure and can be performed by dividing the trans-
verse carpal ligament through a small open wrist inci-
sion. The endoscopic techniques were introduced in 
the late 1980s to be minimally invasive and to prevent 
the palmar scarring. Both methods have equal effi cacy 
in relieving symptoms of CTS. A Cochrane collabora-
tion review concluded that with the possible exception 
of quicker recovery after endoscopic surgery, there is 
no signifi cant difference in outcome.21 However, others 
report that endoscopic surgery is associated with less 
postoperative pain than open surgery but has no 
advantage regarding the length of work absence, with 
28 days of absence in both groups.22

POTENTIAL DISEASE COMPLICATIONS
As with any insult to a peripheral nerve, untreated CTS 
may result in chronic sensory disturbance or motor im-
pairment in the area serviced by the median nerve. It is 
important that the clinician be wary of this and not al-
low the nerve disturbance to progress to permanent 
nerve damage.

POTENTIAL TREATMENT 
COMPLICATIONS
Although oral analgesics may be important for sympto-
matic relief early in the stages of CTS, gastric, renal, and 
hepatic complications of nonsteroidal anti-infl ammatory 
drugs should be monitored. Complications from local 
corticosteroid injections include infection, bleeding, skin 
depigmentation, skin atrophy, potential for tendon rup-
ture, and potential for injury to the median nerve at the 
time of injection.

Surgical complications have been noted to be few in 
the literature. These include accidental transection of 
the median nerve, with permanent loss of function distal 
to the transection. In addition, some have suggested 
that arthroscopic surgery might damage the Berrettini 
branch of the median nerve, a sensory branch. 23 Whereas 

FIGURE 32-5. Preferred method for ulna bursa injection. Needle puncture 
is just ulnar to the palmaris longus tendon. The circle is over the pisiform 
bone. (Reprinted with permission from Lennard TA. Pain Procedures in 
Clinical Practice, 2nd ed. Philadelphia, Hanley & Belfus, 2000:100.)
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complications of surgical intervention are thought to be 
relatively infrequent, a number have been reported. The 
most common complication of surgical intervention is 
the incomplete sectioning of the transverse carpal liga-
ment. Other potential complications include injury to 
the median nerve, palmar cutaneous branch, recurrent 
motor branch, and superfi cial palmar arch; hypertro-
phied or thickened scar due to inappropriate incision; 
tendon adhesions because of wound hematoma; recur-
rence because of repair of the ligament; bowstringing of 
fl exor tendons; malposition of the median nerve; inap-
propriate separation of the nerve fi bers from surrounding 
scars; and refl ex sympathetic dystrophy.24-26

 11. Gerritsen AA, de Krom MC, Struijs MA, et al. Conservative treat-
ment options for carpal tunnel syndrome: a systematic review of 
randomized controlled trials. J Neurol 2002;249:272-280.
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DEFINITION
Trigger fi nger is defi ned as the snapping, triggering, or 
locking of a fi nger as it is fl exed and extended. This is 
due to a localized infl ammation or a nodular swelling 
of the fl exor tendon sheath that does not allow the ten-
don to glide normally back and forth under a pulley. 
Trigger fi nger is believed to arise from high pressures at 
the proximal edge of the A1 pulley when there is a dis-
crepancy in the diameter of the fl exor tendon and its 
sheath at the level of the metacarpal head1 (Fig. 33-1). 
The thumb and the middle and ring fi ngers of the 
dominant hand of middle-aged women are most com-
monly affected.2 It is often encountered in patients with 
diabetes and rheumatoid arthritis.3,4 The relationship of 
trigger fi nger to repetitive trauma has been cited fre-
quently in the literature4-6; however, the exact mecha-
nism of this correlation is still open for debate.7 Rarely, 
it is due to acute trauma or space-occupying lesions.8-10

SYMPTOMS
Patients typically complain of pain in the proximal inter-
phalangeal joint of the fi nger, rather than in the true 
anatomic location of the problem—at the metacarpopha-
langeal joint. Some individuals may report swelling or 
stiffness in the fi ngers, particularly in the morning. Pa-
tients may also have intermittent locking in fl exion or 
extension of the digit, which is overcome with forceful 
voluntary effort or passive assistance. Involvement of mul-
tiple fi ngers can be seen in patients with rheumatoid ar-
thritis or diabetes.3,4 In one study, the perioperative symp-
toms differed for trigger thumbs versus trigger fi ngers.11

In this study, patients complained of pain with motion 
with trigger thumb; with trigger fi nger, they complained 
primarily of triggering and loss of range of motion.

PHYSICAL EXAMINATION
The essential element in the physical examination is the 
localization of the disorder at the level of the metacarpo-
phalangeal joint. There is palpable tenderness and some-
times a tender nodule over the volar aspect of the meta-
carpal head. Swelling of the fi nger may also be noted. 
Opening and closing of the hand actively produces a 
painful clicking as the infl amed tendon passes through a 
constricted sheath. Passive extension of the distal inter-
phalangeal or proximal interphalangeal joint while the 
metacarpophalangeal joint is kept fl exed may be pain-
less and done without triggering.2 With chronic trigger-
ing, the patient may develop interphalangeal joint fl ex-
ion contractures.2 Therefore, it is important to determine 
whether there is normal passive range of motion in the 
metacarpophalangeal and interphalangeal joints. Neu-
rologic examination, including muscle strength, sensa-
tion, and refl exes, should be normal, with the exception 
of severe cases associated with disuse weakness or atro-
phy. Comorbidities can affect the neurologic examina-
tion fi ndings as well (e.g., someone with diabetic neu-
ropathy may have impaired sensation).

FUNCTIONAL LIMITATIONS
Functional limitations include diffi culty with grasping 
and fi ne manipulation of objects due to pain, locking, or 
both. Fine motor problems may include diffi culty with 
inserting a key into a lock, typing, or buttoning a shirt. 
Gross motor skills may include limitations in gripping a 
steering wheel or in grasping tools at home or at work.

DIAGNOSTIC STUDIES
This is a clinical diagnosis. Patients without a history of 
injury or infl ammatory arthritis do not need routine 
radiographs.12 Magnetic resonance imaging can confi rm 
tenosynovitis of the fl exor sheath, but this offers mini-
mal advantage over clinical diagnosis.13

Synonyms
Stenosing tenosynovitis
Digital fl exor tenosynovitis
Locked fi nger
Tendinitis

ICD-9 Code
727.03 Trigger fi nger
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TREATMENT
Initial
The goal of treatment is to restore the normal gliding of 
the tendon through the pulley system. This can often be 
achieved with conservative treatment. Typically, the fi rst 
line of treatment is a local steroid injection, particularly 
in nondiabetic patients.14 The determination of whether 
to inject fi rst or to try noninvasive measures is often 
based on the severity of the patient’s symptoms (more 
severe symptoms generally respond better to injections), 

the level of activity of the patient (e.g., someone who 
needs to return to work as quickly as possible), and the 
patient’s and clinician’s preferences.

Noninvasive measures generally involve splinting of the 
metacarpophalangeal joint at 10 to 15 degrees of fl exion 
with the proximal interphalangeal and distal interpha-
langeal joints free, for up to 6 weeks continuously.15

This has been reported to be quite effective, although 
less so in the thumbs.16 Also, splinting provides a reli-
able and functional means of treating work-related trig-
ger fi nger without loss of time from work.17 Additional 
conservative treatment includes icing of the palm 
(20 minutes two or three times per day in the absence 
of vascular disease), nonsteroidal anti-infl ammatory 
drugs, and avoidance of exacerbating activities such as 
typing and repetitive gripping. Wearing padded gloves 
provides protection and may help decrease infl amma-
tion by avoiding direct trauma.

Rehabilitation
Rehabilitation may include treatment with an occupa-
tional or physical therapist experienced in the treat-
ment of hand problems. Supervised therapy is gener-
ally not necessary but may be useful in the following 

Nodules

Nodule

Tendon
sheath

Tendon
sheath

FIGURE 33-1. The fl exor tendon nodule catches under the annular ligament and produces the snapping or triggering sensation.

Differential Diagnosis

Anomalous muscle belly in the palm

Dupuytren disease

Ganglion of the tendon sheath

Tumor of the tendon sheath

Rheumatoid arthritis
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scenarios: when a patient has lost signifi cant strength, 
range of motion, or function from not using the hand, 
from prolonged splinting, or postoperatively; when 
modalities such as ultrasound and iontophoresis are 
recommended to reduce infl ammation; and when a 
customized splint is deemed to be necessary.

Therapy should focus on increasing function and de-
creasing infl ammation and pain. This can be done by 
techniques such as ice massage, contrast baths, ultra-
sound, and iontophoresis with local steroid use. For 
someone with a very large or small hand or other ana-
tomic variations (e.g., arthritic joints), a custom splint 
may fi t better and allow him or her to function at work 
more easily than with a prefabricated splint. Range of 
motion and strength can be improved through super-
vised therapy either before surgery or postoperatively.

Procedures
A local corticosteroid injection combined with local 
anesthestic (Fig. 33-2) can be used as an alternative or 
in addition to other management.18,19 Postinjection 
care includes immediate icing of the palm for 5 to 
10 minutes and then two or three times a day for 15 to 
20 minutes for the next few days. A splint can be worn 
after injection for a few days; it will help protect the 
injected area and allow the medication to take effect. 
The patient should be cautioned that it is normal 
to experience some postinjection pain for the fi rst 24 to 
48 hours. In addition, the patient should be advised to 
avoid activities with the affected hand as much as pos-
sible for 1 week after the injection.

The injections are usually benefi cial and frequently cura-
tive.20,21 In one study, satisfactory results were obtained 
in 95% of digits injected with triamcinolone.22 However, 
the injection may need to be repeated up to three times. 
This procedure is less effective with involvement of 

multiple digits (such as in patients with diabetes or 
rheumatoid arthritis) or when the condition has per-
sisted longer than 4 months.21

Surgery
Although steroid injections should be tried for most trig-
ger fi nger cases before surgery is considered, surgical in-
tervention is highly successful for conservative treatment 
failures and should be considered for patients desiring 
quick and defi nitive relief from this disability.23 Individu-
als with diabetes and rheumatoid arthritis are more likely 
to require surgery.3,24 There are two general types of sur-
gery for this condition: the standard operative release of 
the A1 pulley and the percutaneous A1 pulley release 
procedure. In one study using a percutaneous trigger fi n-
ger release technique, the success rate was 94% for 
“good” or “excellent” results.25 Both surgical procedures 
are generally effective and carry a relatively low risk of 
complications.23,26

POTENTIAL DISEASE COMPLICATIONS
Disease-related complications include permanent loss 
of range of motion from development of a contracture 
in the affected fi nger, most commonly at the proximal 
interphalangeal joint.2 In rare instances, chronic intrac-
table pain may develop despite treatment.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment-related complications from nonsteroidal 
anti-infl ammatory drugs are well known and include 
gastric, renal, and hepatic side effects. Complications 
from local corticosteroid injections include skin de-
pigmentation, dermatitis, subcutaneous fat atrophy, 

FIGURE 33-2. Under sterile conditions 
with use of a 27-gauge, 5⁄8 -inch needle, a 
2- to 3-mL aliquot of a local anesthetic 
and steroid mixture (e.g., 1 mL of 1% lido-
caine mixed with 1 mL [40 mg] of methyl-
prednisolone) is injected into the palm at 
the level of the distal palmar crease, which 
directly overlies the tendon. Before clean-
ing of the area to be injected, palpate for 
the nodule to localize exactly where the 
injection should be placed.
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tendon rupture, digital sensory nerve injury, and in-
fection.22,27 Individuals with rheumatoid arthritis are 
more likely to have tendon rupture28; therefore, re-
peated injections are not recommended in these cases. 
Possible surgical complications include infection, 
nerve injury, and fl exor tendon bowstringing.29-31
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DEFINITION
The ulnar collateral ligament (UCL) complex includes 
the ulnar proper collateral ligament and the ulnar acces-
sory collateral ligament.1 These ligaments are located 
deep to the adductor aponeurosis of the thumb and 
stabilize the fi rst metacarpophalangeal (MCP) joint. 
Tears can occur if a valgus force is applied to an ab-
ducted fi rst MCP joint.2 A lesion of the UCL is com-
monly called skier’s thumb.

Acute injuries can occur when the strap on a ski pole forc-
ibly abducts the thumb. In the United States, estimates 
for skiing injuries are three or four per 1000 skier-hours; 
thumb injuries account for about 10% of skiing injuries.3
A study of downhill skiing found that thumb injuries ac-
counted for 17% of skiing injuries, second only to knee 
injuries.4 Three fourths of the thumb injuries were UCL 
sprains. UCL injury in football players may be related to 
falls or blocking. Other sports involving ball handling or 
equipment with repetitive abduction forces to the thumb, 
like basketball or lacrosse, can cause injury to the UCL.

UCL injuries may be accompanied by avulsion fractures. 
Complete tears can fold back proximally when they are 
ruptured distally and become interposed between the 
adductor aponeurosis.1 This injury is known as the 
Stener lesion and has been described as a complication 
of complete UCL tears, with a frequency ranging from 
33% to 80%.5

Chronic ligamentous laxity is more common in occupa-
tional conditions associated with repetitive stresses to 

the thumb. The term gamekeeper’s thumb was coined in 
the mid-1950s to describe an occupational injury of 
Scottish gamekeepers.6 The term is also used for acute 
injuries to the UCL.

SYMPTOMS
Patients report pain and instability of the thumb joint. 
In the acute injury setting, patients can often recall the 
instant of injury. If the UCL is ruptured, patients report 
swelling and hematoma formation; pain may be mini-
mal with complete tears. When pain is present, it can 
cause thumb weakness and reduced function. Numb-
ness and paresthesias are not typical fi ndings.

PHYSICAL EXAMINATION
The physical examination begins with the uninvolved 
thumb, noting the individual’s normal range of motion 
and stability. Palpate to determine the point of maxi-
mal tenderness, assessing for distal tenderness; if the 
ligament is torn, it tears distally off the proximal pha-
lanx. Initially, the examiner may be able to detect a 
knot at the site of ligament disruption. Laxity of the 
UCL is the key fi nding on examination. Ligament inju-
ries are graded as follows: grade 1 sprains, local injury 
without loss of integrity; grade 2 sprains, local injury 
with partial loss of integrity, but end-feel is present; 
and grade 3 sprains, complete tear with loss of integrity 
and end-feel (Fig. 34-1). Passive abduction can be pain-
ful, especially in acute grade 1 and grade 2 sprains.

The UCL should be tested with the fi rst MCP joint in 
extension and fl exion to evaluate all bands. The excur-
sion is compared with the uninjured side. Testing for 
disruption of the ulnar proper collateral ligament is 
done with the thumb fl exed to 90 degrees.1 With the 
thumb in extension, a false-negative fi nding may result. 
The stability of the joint will not be impaired even if the 
ulnar proper collateral ligament is torn because of the 
taut ulnar accessory ligament in extension.

A displaced fracture is a contraindication to stress test-
ing. The fracture presents with swelling or discoloration 
on the ulnar side of the fi rst MCP joint and tenderness 

Synonyms
Skier’s thumb
Ulnar collateral ligament tear or rupture
Gamekeeper’s thumb
Break-dancer’s thumb
Stener lesion1 (ruptured, displaced ulnar collateral ligament 
with interposed adductor aponeurosis)

ICD-9 Code
842.00 Sprains and strains of hand and wrist

Ch34_183-186-X4007.indd 183Ch34_183-186-X4007.indd   183 3/17/08 6:07:53 PM3/17/08   6:07:53 PM



184 M U S C U L O S K E L E T A L  D I S O R D E R S :  H A N D  A N D  W R I S T

along the base of the proximal phalanx. Some authors 
recommend that conventional radiographs be obtained 
before stressing of the UCL to determine whether a large 
undisplaced fracture is present because stress testing 
could cause displacement.7 More than 3 mm of volar 
subluxation of the proximal phalanx indicates gross 
instability. The patient may be unable to pinch.

Pain may limit the complete examination and lead to 
underestimation of injury extent. Infi ltration of local 
anesthetic around the injury site can reduce discomfort 
and improve the accuracy of the examination.8

FUNCTIONAL LIMITATIONS
Individuals describe diffi culty with pinching activities 
(e.g., turning a key in a lock). Injuries affecting the 
dominant hand can have an impact on many fi ne motor 
manipulations, such as buttoning or retrieving objects 
from one’s pocket. Injuries affecting the nondominant 
hand can impair bilateral hand activities requiring stabi-
lization of small objects. Sports performance can be re-
duced with dominant hand injuries, and skiing, ball 
handling, or equipment use may be contraindicated in 
the acute stage of injury or on the basis of the extent of 
injury. In the setting of high-level or professional sports 
competition, the clinical decision to allow an athlete to 
compete with appropriate splinting or casting is based 
on severity of symptoms, with the caveat that the poten-
tial for worsening of the injury exists.

DIAGNOSTIC STUDIES
Whereas clinical examination is the mainstay of diag-
nosis, imaging studies are useful in the setting of un-
certain diagnosis.9 A plain radiograph is essential to 
rule out an avulsion fracture of the base of the ulnar 
side of the proximal phalanx. A stress fi lm with the 
thumb in abduction is occasionally useful and should 
be compared with the uninjured side. UCL rupture 
presents with an angle greater than 35 degrees. Mag-
netic resonance imaging has greater than 90% sensi-
tivity and specifi city for UCL tears but is expensive 
and not always required.10

Ultrasonography has been used as a less expensive 
means of diagnosing UCL tears, but controversy exists 
as to whether it is useful or fraught with pitfalls.9,11-13

FIGURE 34-1. Skier’s thumb. The ulnar collateral ligament to the metacar-
pophalangeal joint is disrupted by an abduction force. (Reprinted with 
permission from Mellion MB. Offi ce Sports Medicine, 2nd ed. Philadelphia, 
Hanley & Belfus, 1996:228.)

Differential Diagnosis

Radial collateral ligament sprain or rupture

First MCP joint dislocation with or without volar plate 
injury

Thumb fracture-dislocation (Bennett fracture)

TREATMENT
Initial
Pain and edema are managed with ice, nonsteroidal 
anti-infl ammatory drugs, and rest. Initial treatment of 
a fi rst-degree (grade 1) UCL sprain is taping for activ-
ity. Initial treatment of an incomplete (grade 2) UCL 
sprain involves immobilization in a thumb spica cast 
for 3 to 6 weeks with the thumb slightly abducted. 
Injuries involving nondisplaced or small avulsion 
fractures associated with an incomplete UCL tear can 
also be managed nonsurgically and may require a lon-
ger course of immobilization. The cast may be ex-
tended to include the wrist for greater stability.14 An 
alpine splint allows interphalangeal fl exion while pro-
hibiting abduction and extension of the fi rst MCP 
joint.15 A study of 63 cases of nonoperative and post-
surgical patients compared short arm plaster cast 
immobilization with functional splinting that pre-
vented ulnar and radial deviation of the thumb; there 
was no difference between the two groups in regard to 
stability, thumb range of motion or strength, and 
length of sick leave after an average follow-up of 
15 months.16 Even slightly displaced avulsion frac-
tures without complete UCL rupture tended to do well 
with immobilization in a study of 30 patients; those 
with larger bone fragments and larger initial rotation 
of the fragment were more likely to have residual 
symptoms.17

Grade 3 injuries require surgical repair unless surgery 
is contraindicated for other reasons. Prompt referral 
for surgical consultation is recommended to maxi-
mize ligament positioning for reattachment. Failure 
to refer promptly or misdiagnosis of a complete tear 
can result in a less favorable outcome, including a 
Stener lesion.5

Rehabilitation
Physical or occupational therapy is important in the 
rehabilitation management of UCL sprains. Therapists 
who have completed special training and are certifi ed 
hand therapists (often called CHTs) can be great 
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resources. Range of motion of the unaffected joints of 
the arm, especially the interphalangeal joint of the 
thumb, must be maintained. In the setting of a grade 
1 sprain, after a short course of relative rest and tap-
ing, therapy may be required to restore strength to the 
preinjury level. In grade 2 sprains, a volar splint re-
places the cast after 3 to 6 weeks. Splints may be cus-
tom molded by the therapist. They can be removed for 
daily active range of motion exercises. Passive range of 
motion and isometric strength training are initiated 
once pain at rest has resolved, and the patient is pro-
gressed to concentric exercise after about 8 weeks for 
nonsurgical lesions and 10 to 12 weeks for postsurgi-
cal lesions. Prophylactic taping is appropriate for tran-
sitioning back to sports-specifi c activity (Fig. 34-2). 
Postsurgical rehabilitation is less aggressive with 
avoidance of strengthening, especially a power pinch, 
for 8 weeks postoperatively.18 Protected early postop-
erative range of motion is indicated.19 Full activity af-
ter grade 2 tears with or without nondisplaced avul-
sion fractures begins at 10 to 12 weeks compared with 
12 to 16 weeks for surgically repaired injuries.20

Procedures
There are no specifi c nonsurgical procedures performed 
for this injury.

Surgery
Early direct repair is required in the setting of a ruptured 
UCL (grade 3) injury. Grade 2 and grade 3 injuries re-
sulting in severe instability, displaced fractures, or intra-
articular fragments are also surgical candidates. Surgery 
is indicated in the setting of gross instability.21 Tension 
wiring is used to fi xate avulsions; open reduction may 
be required for large displaced avulsion defects. Surgical 
approaches that improve stability are the focus of new 
techniques.22,23 However, postoperative immobilization 
is being reconsidered. A cadaver study concluded that a 
controlled active motion therapy protocol after suture 
anchor repair of a ruptured UCL is safe from a biome-
chanical point of view.24 Reconstruction may be neces-
sary for a chronic tear, including bone-retinaculum-
bone reconstruction.25

POTENTIAL DISEASE COMPLICATIONS
Disease complications include chronic laxity with associ-
ated functional limitations, pain, and inability to pinch26;
premature arthritis and persistent pain in the fi rst MCP 
joint; and decreased range of motion of the thumb.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, renal, and hepatic systems. Prolonged splint-
ing can lead to loss of range of motion of the joint and 
weakness and atrophy of the surrounding joints, de-
pending on the extent of the injury and the length of 
time spent in a splint. Surgical risks include nonunion 
of avulsed fragments and the typical infrequent surgical 
complications, such as infection and bleeding. Surgery 
can result in persistent numbness on the ulnar aspect of 
the thumb.

FIGURE 34-2. Taping technique to protect the ulnar collateral ligament.
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DEFINITION
Entrapment neuropathy of the ulnar nerve can be encoun-
tered at the wrist in a canal formed by the pisiform and the 
hamate and its hook (the pisohamate hiatus). These are 
connected by an aponeurosis that forms the ceiling of 
Guyon canal (Fig. 35-1). This canal generally contains the 
ulnar nerve and the ulnar artery and vein. The following 
three types of lesions can be encountered1:

Type I affects the trunk of the ulnar nerve proximally in 
Guyon canal and involves both the motor and sensory 
fi bers. This is the most commonly seen lesion.

Type II affects only the deep (motor) branch distally in 
Guyon canal and may spare the abductor digiti quinti, 
depending on the location of its branching. A further 
classifi cation is type IIa (still pure motor), in which all 
the hypothenar muscles are spared because of a lesion 
distal to their neurologic branching.

Type III affects only the superfi cial branch of the ulnar 
nerve, which provides sensation to the volar aspect of 
the fourth and fi fth fi ngers and the hypothenar emi-
nence. There is sparing of all motor function, although 
the palmaris brevis is affected in some cases. This is the 
least common lesion encountered.

This injury is commonly seen in bicycle riders and people 
who use a cane improperly, as they place excessive weight 
on the proximal hypothenar area at the canal of Guyon 
and therefore are predisposed to distal ulnar nerve trau-
matic injury, especially affecting the deep ulnar motor 
branch (type II).2,3 Entrapment at Guyon canal has also 
been associated with prolonged, repetitive occupational 
use of tools, such as pliers and screwdrivers.2

Other rare causes have been reported in the literature. 
These include fracture of the hook of the hamate, gan-

glion cyst formation, tortuous or thrombosed ulnar artery 
aneurysm (hypothenar hammer syndrome), osteoarthri-
tis or osteochondromatosis of the pisotriquetral joint, 
anomalous variation of abductor digiti minimi, schwanno-
mas, aberrant fi brous band, and idiopathic.4-7

SYMPTOMS
Signs and symptoms can vary greatly and depend on 
which part of the ulnar nerve and its terminal branches 
are affected and where along the Guyon canal itself 
(Table 35-1). It is of great importance to be able to dif-
ferentiate entrapment of the ulnar nerve at the wrist 
from entrapment at the elbow, which occurs far more 
commonly. The two clinical fi ndings that confi rm the 
diagnosis of Guyon canal entrapment instead of ulnar 
entrapment at the elbow are (1) sparing of the dorsal 
ulnar cutaneous sensory distribution in the hand and 
(2) sparing of function of the fl exor carpi ulnaris and 
the two medial heads of the fl exor digitorum profundus 
(Figs. 35-2 and 35-3). Otherwise, the symptoms in both 
conditions are generally similar and may include hand 
intrinsic muscle weakness and atrophy, numbness in 
the fourth and fi fth fi ngers, hand pain, and sometimes 
severely decreased function.

PHYSICAL EXAMINATION
Careful examination of the hand and a thorough knowl-
edge of the anatomy of motor and sensory distribution of 
ulnar nerve innervation are required to determine the 
location of the lesion. Except for the fi ve muscles inner-
vated by the median nerve (abductor pollicis brevis, op-
ponens pollicis, fl exor pollicis brevis superfi cial head, 
and fi rst two lumbricals), the ulnar nerve supplies every 
other intrinsic muscle in the hand. Classically, there is 
notable atrophy of the fi rst web space due to denervation 
of the fi rst dorsal interosseous muscle (Fig. 35-4). In le-
sions involving the motor branches, there will be weak-
ness and eventually atrophy of the interossei, the adduc-
tor pollicis, the fourth and fi fth lumbricals, and the fl exor 
pollicis brevis deep head. The palmaris brevis, abductor 
digiti quinti, opponens digiti quinti, and fl exor digiti 
quinti may be involved or spared, depending on the 

Synonym
Guyon canal entrapment

ICD-9 Code
354.2 Lesion of ulnar nerve

35Ulnar Neuropathy (Wrist) 
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lesion. Sensory examination in all but type II reveals de-
creased sensation of the volar aspect of the hypothenar 
eminence and the fourth and fi fth fi ngers (with splitting 
of the fourth in most). There is always sparing of the 
sensation of the dorsum of the hand medially as it is in-
nervated by the dorsal ulnar cutaneous branch of the ul-
nar nerve, which branches off the forearm proximal to 
Guyon canal.1 The ulnar claw (hyperextension of the 
fourth and fi fth metacarpophalangeal joints with fl exion 
of the interphalangeal joints) seen in more proximal le-
sions may be more pronounced, probably because of 
preserved function of the two medial heads of the fl exor 
digitorum profundus, which create a fl exion moment 

that is unopposed by the weakened interossei and lum-
bricals.1,8 The fl exor carpi ulnaris has normal strength. All 
the signs of intrinsic hand muscle weakness that are seen 
in more proximal ulnar nerve lesions, such as the Froment 
paper sign, are also found in Guyon canal entrapment, 
affecting the motor nerve fi bers (Fig. 35-5).9 Grip strength 
is invariably reduced in these patients when the motor 
branches of the ulnar nerve are affected.10

FUNCTIONAL LIMITATIONS
Functional loss can vary from isolated decreased sensa-
tion in the affected region to severe weakness and pain 
with impaired hand movement and dexterity. As can be 
anticipated, lesions affecting motor nerve fi bers are 
functionally more severe than those affecting only sen-
sory nerve fi bers. The patient may have trouble holding 
objects and performing many activities of daily living, 
such as occupation, daily household chores, grooming, 
and dressing. Vocationally, individuals may not be able 
to perform the basic requirements of their jobs (e.g., 
operating a computer or cash register, carpentry work). 
This can be functionally devastating.

DIAGNOSTIC STUDIES
The cause of the clinical lesion suspected after careful his-
tory and physical examination can be investigated with 
the use of imaging techniques. Plain radiographs could 
reveal a fracture of the hamate or other carpal bones as 
well as of the metacarpals and the distal radius, especially 
if there has been a traumatic injury. Magnetic resonance 
imaging and computed tomography (multislice spiral 
computed tomographic angiography, multidetector com-
puted tomography) can be helpful if a fracture, a tortuous 
ulnar artery, or a ganglion cyst is suspected.11,12 As tech-
nology and accuracy of ultrasound equipment have ad-
vanced, there are now reports of the use of conventional 
and color duplex sonography to diagnose conditions 
such as thrombosed aneurysm of the ulnar artery.11,13

Zone 3
Zone 2

Zone 1

Pisiform

Hook of hamate

FIGURE 35-1. Distal ulnar tunnel (Guyon canal) showing the three zones of 
entrapment. Lesions in zone 1 give motor and sensory symptoms, lesions in 
zone 2 cause motor defi cits, and lesions in zone 3 create sensory defi cits.

TABLE 35-1 Volar Forearm and Hand: Ulnar Nerve

Muscle Action

Flexor carpi ulnaris Flexes wrist, ulnarly deviates

Flexor digitorum profundus Flexes distal interphalangeal joint (fourth and fi fth)

Abductor digiti quinti* Analogous to dorsal interosseous

Flexor digiti quinti*† Analogous to dorsal interosseous

Opponens digiti quinti*† Flexes and supinates fi fth metacarpal

Volar interossei* Adducts fi ngers, weak fl exion metacarpophalangeal

Dorsal interossei*† Abduct fi ngers, weak fl exion metacarpophalangeal

Lumbricals (ring and fi fth)*† Coordinate movement of fi ngers; extend interphalangeal joints; fl ex metacarpophalangeal joints

Adductor pollicis* Adducts thumb toward index fi nger

Lumbricals (ring, small)* Coordinate movement of fi ngers; extend interphalangeal joints; fl ex metacarpophalangeal joints

*Hand intrinsic muscles.
†Hypothenar mass.
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Nerve conduction study and electromyography are help-
ful in confi rming the diagnosis and the classifi cation as 
well as in determining the severity of the lesion and the 
prognosis for functional recovery. As a rule, the dorsal ul-
nar cutaneous sensory nerve action potential is normal 
compared with the unaffected side.14 Abnormalities in 

both sensory and motor conduction studies are seen in 
type I. The ulnar sensory nerve action potential recorded 
from the fi fth fi nger is normal in type II, and an isolated 
abnormality is encountered in type III. The compound 
muscle action potential of the abductor digiti quinti is 
normal in types IIa and III. For this reason, it is important 

A

B

FIGURE 35-2. A, The fl exor carpi ulnaris functions as a wrist fl exor and 
an ulnar deviator. B, It can be tested by the patient’s forcefully fl exing 
(arrow) and ulnarly deviating the wrist. The clinician palpates the ten-
don while the patient performs this maneuver. (Reprinted with permis-
sion from Concannon MD: Common Hand Problems in Primary Care. 
Philadelphia, Hanley & Belfus, 1999.)

A

B

FIGURE 35-3. A, Flexor digitorum profundi (arrows). B, These tendons 
can be tested by the patient’s fl exing the distal phalanx while the clinician 
blocks the middle phalanx from fl exing. (Reprinted with permission from 
Concannon MD: Common Hand Problems in Primary Care. Philadelphia, 
Hanley & Belfus, 1999.)
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to perform motor studies recording from more distal 
muscles, such as the fi rst dorsal interosseous.15 Motor 
conduction studies should include stimulation across the 
elbow to rule out a lesion there, as it is far more common. 
Furthermore, ulnar nerve stimulation at the palm, after 
the traditional stimulation at the wrist and across the 
elbow, can be useful in sorting out the location of the 
compression and which fascicles are affected.16 Care must 
be taken not to overstimulate because median nerve–
innervated muscles are very close (i.e., lumbricals 1 and 
2), and their volume-conducted compound muscle ac-
tion potentials could confuse the diagnosis. A “neuro-
graphic” palmaris brevis sign has been described in type 
II ulnar neuropathy at the wrist.17 This consists of a posi-
tive wave preceding the delayed abductor digiti minimi 
motor response, presumably caused by volume-conducted 
depolarization of a spared palmaris brevis muscle. Needle 
electromyography helps in documenting axonal loss, de-
termining severity of the lesion to allow prognosis for 
recovery, and more precisely localizing a lesion for an ac-
curate classifi cation. The fl exor carpi ulnaris and the ulnar 

heads of the fl exor digitorum profundus should be 
completely spared in a lesion at Guyon canal.14

TREATMENT
Initial
Initial treatment involves rest and avoidance of trauma 
(especially if occupational or repetitive causes are sus-
pected). Ergonomic and postural adjustments can be 
effective in these cases. The use of nonsteroidal anti-
infl ammatory drugs in cases in which an infl ammatory 
component is suspected can also be benefi cial. Analge-
sics may help control pain. Low-dose tricyclic antide-
pressants may be used both for pain and to help with 
sleep. More recently, the use of antiepileptic medica-
tions for neuropathic pain syndromes has been increas-
ing because of good effi cacy. Prefabricated wrist splints 
may be benefi cial and are often prescribed for night 
use. For individuals who continue their sport or work 
activities, padded, shock-absorbent gloves may be use-
ful (e.g., for cyclists, jackhammer users).

Rehabilitation
A program of physical or occupational therapy per-
formed by a skilled hand therapist can help obtain 
functional range of motion and strength of the interos-
sei and lumbrical muscles. Instruction of the patient in 
a daily routine of home exercises should be done early 
in the diagnosis. Static splinting (often done as a cus-
tom orthosis) with an ulnar gutter will ensure rest of the 
affected area. In more severe cases, the use of static or 
dynamic orthotic devices may be considered to improve 
the patient’s functional level. Weakness in the ulnar 
claw deformity can be corrected to improve grasp with 
the use of a dorsal metacarpophalangeal block (lumbri-
cal bar) to the fourth and fi fth fi ngers with a soft strap 
over the palmar aspect.19

A work site evaluation may be benefi cial as well. Ergo-
nomic adaptations can prove helpful to individuals 
with ulnar nerve entrapment at the wrist (e.g., switching 
to a foot computer mouse or voice-activated computer 
software).

FIGURE 35-4. It is not unusual for patients with ulnar neuropathy to 
present with signs of muscle atrophy. It is most noticeable at the fi rst web 
space, where atrophy of the fi rst dorsal interosseous muscle leaves a hol-
low between the thumb and the index rays (arrow). (Reprinted with 
permission from Concannon MD. Common Hand Problems in Primary 
Care. Philadelphia, Hanley & Belfus, 1999.)

FIGURE 35-5. Ulnar nerve lesion. A patient with an ulnar nerve lesion is 
asked to pull a piece of paper apart with both hands. Note that the af-
fected side (right hand) uses the fl exor pollicis longus muscle to prevent 
the paper from slipping out of the hand, thus substituting for the adduc-
tor pollicis muscle and generating the Froment sign. (Reprinted with 
permission from Haymaker W, Woodhall B. Peripheral Nerve Injuries. 
Philadelphia, WB Saunders, 1953.)

Differential Diagnosis18

Ulnar neuropathy at the elbow (or elsewhere)

Thoracic outlet syndrome (generally lower trunk or 
medial cord)

Cervical radiculopathy at C8-T1

Motor neuron disease

Superior sulcus tumor (affecting the medial cord of 
the plexus)

Camptodactyly (an unusual developmental condition 
with a claw deformity)
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Procedures
Injections into Guyon canal may be tried if a compres-
sive entrapment neuropathy is suspected and generally 
provide symptomatic relief (Fig. 35-6).2

Under sterile conditions, with use of a 25-gauge, 
11⁄2-inch disposable needle, a mixture of corticoster-
oid and 1% or 2% lidocaine totaling no more than 
1 mL is injected into the distal wrist crease to the ra-
dial side of the pisiform bone; the needle is angled 
sharply distally so that its tip lies just ulnar to the 
palpable hook of the hamate.2,20 Postinjection care 
includes ensuring hemostasis immediately after the 
procedure, local icing for 5 to 10 minutes, and in-
structions to the patient to rest the affected limb dur-
ing the next 48 hours.

Surgery
Surgery is recommended when there is a fracture of 
the hook of the hamate or of the pisiform or a tortu-
ous ulnar artery that causes neurologic compromise. 
Ganglion cyst and pisohamate arthritis are also indi-
cations for surgical treatment. Surgery in general in-
volves exploration, excision of the hook of hamate or 
pisiform (if fractured), repair of the ulnar artery as 
necessary, decompression, and neurolysis of the ulnar 
nerve.2,4 Experience and a sound knowledge of the 
possible anatomic variations (i.e., muscles, fi brous 
bands) and the arborization patterns of the ulnar ar-
tery in Guyon canal are of great importance in pro-
moting a positive outcome when surgery is medically 
necessary.6,21

POTENTIAL DISEASE COMPLICATIONS
The severity and type of lesion of the ulnar nerve at the 
wrist will ultimately determine the complications. Se-
vere motor axon loss will cause profound weakness 
and atrophy of ulnar-innervated muscles in the hand 
and render the patient unable to perform even simple 
tasks because of lack of vital grip strength. Some pa-
tients also develop chronic pain in the affected hand, 
which can be severely debilitating, perhaps inciting a 
complex regional pain syndrome, and it can predis-
pose them to further problems such as depression and 
drug dependency.

POTENTIAL TREATMENT 
COMPLICATIONS
The use of nonsteroidal anti-infl ammatory drugs should 
be carefully monitored because there are potential side 
effects, including gastrointestinal distress and cardiac, 
renal, and hepatic disease. Low-dose tricyclic antide-
pressants are generally well tolerated but may cause fa-
tigue, so they are usually prescribed for use in the eve-
ning. Injection complications include injury to a blood 
vessel or nerve, infection, and allergic reaction to the 
medication used. Complications after surgery include 
infection, wound dehiscence, recurrence, and, rarely, 
complex regional pain syndrome.

FIGURE 35-6. Approaches for two ulnar nerve blocks. The needle with 
syringe attached demonstrates the puncture for block at Guyon canal. 
The circle is over the pisiform bone, and the solid mark is over the hook of 
the hamate. The second needle demonstrates the puncture site for an ul-
nar nerve block at the wrist, ulnar approach. (Reprinted with permission 
from Lennard TA. Pain Procedures in Clinical Practice, 2nd ed. Philadelphia, 
Hanley & Belfus, 2000:104.)
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DEFINITION
Osteoarthritis of the wrist refers to the painful degenera-
tion of the articular surfaces that make up the wrist due 
to noninfl ammatory arthritides. It commonly affects the 
joints between the distal radius and the proximal row of 
carpal bones. Symptoms include pain, swelling, stiff-
ness, and crepitation. Radiographs will reveal different 
degrees of joint space narrowing, cyst formation, sub-
chondral sclerosis, and osteophyte formation.

The most common etiology of wrist osteoarthritis is 
post-traumatic, as can be seen after distal radius frac-
tures, carpal fractures, and carpal instability.1 Rare con-
ditions that may cause it include idiopathic osteonecro-
sis of the lunate (Kienböck disease) and the scaphoid 
(Preiser disease). As opposed to idiopathic osteoarthri-
tis of the thumb carpometacarpal joint, which is seen in 
more than 90% of women older than 80 years,2 idio-
pathic osteoarthritis of the wrist is rare.

Distal radius fractures that have healed inappropriately 
(malunited) can also be the cause (Fig. 36-1). In consid-
ering malunited fractures of the distal radius, abnormal 
parameters that have been shown to be associated with 
wrist arthritis include the following: on an anteroposte-
rior radiograph, an intra-articular step-off of more than 

2 mm and radial shortening of more than 5 mm; and 
on the lateral radiograph, a dorsal angulation of more 
than 10 degrees.3-5

Carpal fractures that fail to heal, particularly of the 
scaphoid, can also be the cause of arthritis.6 This bone 
is predisposed to nonunions biologically because of its 
fragile vascular supply and biomechanically on account 
of the shear forces it encounters.7,8 Other factors associ-
ated with nonunions include fracture displacement, 
fracture location, and delay in initiation of treatment.9,10

Features of a scaphoid nonunion that appear to be as-
sociated with arthritis are the displacement of the carti-
laginous surfaces and the loss of carpal stability.11,12

Both of these lead to abnormal loading of the cartilage 
and consequently to ensuing arthritis. This pattern of 
arthritis is known as scaphoid nonunion advanced col-
lapse (SNAC) (Fig. 36-2).

Carpal instability can also result in uneven loading 
of the articular surfaces and subsequent arthritis13

(Figs. 36-3 and 36-4). The most common form of carpal 
instability is scapholunate dissociation.14 It consists of 
a disruption of the interosseous ligament between the 
scaphoid and lunate. The resultant abnormal biome-
chanics lead to abnormal loading and subsequent 
arthritis, a pattern known as scapholunate advanced 
collapse1 (SLAC).

SYMPTOMS
Wrist pain is the presenting symptom in the overwhelm-
ing majority of patients. For the most part, this pain is 
of insidious onset, although many patients will recall a 
particular event that brought it to their attention. It 
is diffusely located across the dorsum of the wrist. It 
may be activity related and may bear little correlation 
to radiographic fi ndings. Patients may also report in-
ability to do their daily activities because of weakness, 
but on further questioning, this weakness is often 
secondary to pain.

Another presenting symptom is stiffness, particularly in 
fl exion and extension of the wrist. Pronation and supi-
nation are usually not affected, unless the arthritic pro-
cess is extensive and also involves the distal radioulnar 
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Synonyms
Degenerative arthritis of the wrist
Osteoarthritis of the wrist
Post-traumatic arthritis of the wrist
SLAC wrist
SNAC wrist

ICD-9 Codes
715.1 Osteoarthrosis, localized, primary, wrist
715.2 Osteoarthrosis, localized, secondary, wrist
716.1 Traumatic arthropathy, wrist
718.83 Other joint derangement, not elsewhere classifi ed, wrist
719.03 Joint effusion, wrist
719.13 Pain in joint, wrist
842.01 Wrist sprain
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FIGURE 36-1. Wrist osteoarthritis secondary to a malunited wrist frac-
ture. Note the dorsal angulation of the distal articular surface and the 
reduced joint space. This patient also had signifi cant osteopenia second-
ary to pain-induced lack of use.

FIGURE 36-2. Osteoarthritic change of a wrist with a scaphoid nonunion 
(SNAC), stage 2. Notable features include the “beaked” appearance of the 
radial styloid, cystic change along with a nonunion in the scaphoid, and 
“kissing” osteophytes on adjoining surfaces of the radius and scaphoid.

FIGURE 36-3. A and B, Wrist osteoarthritis secondary to scapholunate 
advanced collapse (SLAC), stage 2. Note the increased scapholunate 
space and the sclerosis of the radioscaphoid joint. Early osteophytes are 
clearly seen on the radial border of the scaphoid. The lateral view shows 
dorsal osteophytes as well as the dorsally angled lunate.

A

B

joint. Motion may also be associated with a clicking 
sensation or with audible crepitation.

Complaints about cosmetic deformity are also common, 
particularly after distal radius fractures that have healed 
with an inappropriate alignment. Swelling is also com-
monly noted. This swelling is essentially a representa-
tion of the malunited fracture, but in patients with ad-
vanced arthritis irrespective of the etiology, it may 
represent synovial hypertrophy or osteophyte formation. 
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In this situation, the swelling tends to be located in the 
dorsoradial region of the wrist (Fig. 36-5).

PHYSICAL EXAMINATION
Examination of the wrist includes a thorough examina-
tion of the entire upper limb. Comparison with the op-
posite side is useful to determine the degree of motion 
loss, if any. In wrist osteoarthritis, the most obvious fi nd-
ing may be loss of motion. Normal range of motion in-
cludes approximately 80 degrees of fl exion, 60 degrees of 
extension, 20 degrees of radial deviation, and 40 degrees 
of ulnar deviation.15

The wrist is palpated for evidence of cysts or tenderness. 
Tenderness just distal to Lister tubercle may be a sign of 
pathologic change at the scapholunate joint, including 
scapholunate dissociation, Kienböck disease, or synovi-
tis of the radiocarpal joint. Tenderness at the anatomic 
snuffbox may indicate a scaphoid fracture or nonunion, 
and in early SNAC, wrists may be the site of radioscaph-
oid degeneration. In the presence of pancarpal arthritis, 
the tenderness is usually diffuse.

Provocative maneuvers should also be performed to 
check for signs of carpal instability. The scaphoid shift 
test of Watson tests for scapholunate instability.16 In this 
test, the examiner places a thumb volarly on the pa-
tient’s scaphoid tubercle, and the rest of the fi ngers wrap 
around the wrist to lie dorsally over the proximal pole 
of the scaphoid. As the wrist is taken from ulnar devia-
tion to radial deviation, the thumb will apply pressure 
on the scaphoid tubercle and force the scaphoid to sub-
lux out of its fossa dorsally in ligamentously lax patients 
as well as in those with frank scapholunate instability. 
Once pressure from the thumb is released, the scaphoid 
will then shift back into its fossa. This fi nding is best 
demonstrated in those who are ligamentously lax or 
those with recent injuries. Patients who have chronic 
injuries often develop suffi cient fi brosis to prevent sub-
luxation of the scaphoid out of its fossa. However, they 
often still have pain that is reproduced with the maneu-
ver. Comparison with the unaffected side is essential, 
especially if the patient has evidence of generalized liga-
mentous laxity.

The strength of the abductor pollicis brevis is tested by 
asking the patient to palmar abduct the thumb against 

FIGURE 36-4. A and B, Advanced wrist osteoarthritis secondary to SLAC (stage 3). Note the increased scapholunate space, the sclerosis in the ra-
dioscaphoid and lunocapitate joints, and the proximal migration of the capitate. Most notable in both views is the complete loss of normal wrist 
alignment.

A B

FIGURE 36-5. Clinical appearance of an osteoarthritic wrist that in this 
particular instance was secondary to a scaphoid nonunion. The diffuse 
radiodorsal swelling indicates some degree of synovitis.
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resistance, and it should be compared with the opposite 
side. Similarly, the strength of the fi rst dorsal interos-
seus should be checked by asking the patient to radially 
deviate the index fi nger against resistance. These tests 
evaluate for motor defi cits of the median nerve and 
ulnar nerve, respectively. Sensation should also be 
compared with the opposite side. Whereas static two-
point discrimination is an excellent way to test sensa-
tion in the offi ce, a more precise evaluation of early 
sensory defi cits can be performed by graduated Semmes-
Weinstein monofi laments. Frequently, this test requires 
a referral to occupational therapists who perform it.

FUNCTIONAL LIMITATIONS
The majority of the limitations in wrist arthritis arise from 
a lack of motion. A range of motion from 10 degrees 
of fl exion to 15 degrees of extension is required for activi-
ties involving personal care.17 The loss of motion mainly 
affects activities of daily living such as washing one’s back, 
fastening a brassiere, and writing. Eating, drinking, and 
using a telephone require 35 degrees of extension. How-
ever, learned compensatory maneuvers can allow most 
activities of daily living to be accomplished with as little 
as 5 degrees of fl exion and 6 degrees of extension.18

DIAGNOSTIC STUDIES
The initial evaluation of the arthritic wrist includes 
standard posteroanterior, lateral, and pronated oblique 
radiographs. In the posteroanterior view, any evidence 
of arthritis between the radius and proximal row of 
carpal bones or between the proximal and distal rows 
should be noted. Radiographic features that indicate an 
arthritic process include reduction or loss of joint 
space, osteophyte formation, cyst formation in periar-
ticular regions, and loss of normal bone alignment (see 
Figs. 36-2 to 36-4).

Injury to the scapholunate ligament is evidenced by a 
space between the scaphoid and the lunate greater than 
2 mm and a cortical ring sign of the scaphoid.14 Sclerosis 
or collapse of the lunate is consistent with Kienböck 
disease.19 The lateral view can reveal signs of carpal in-
stability, such as a dorsally or palmarly oriented lunate. 
An angle between the scaphoid and the lunate in excess 
of 60 degrees is also consistent with scapholunate dis-
sociation. The oblique view will often demonstrate the 
site of a scaphoid nonunion. Although it may be pos-
sible to make a diagnosis of scapholunate dissociation 
on plain radiographs, some patients can often have bi-
lateral scapholunate distances and angles in excess of 
normal limits. It is therefore critical to obtain contralat-
eral radiographs before a diagnosis of scapholunate in-
jury is made.

Patterns of arthritic progression in SLAC and SNAC wrists 
have been classifi ed into three stages. In a SLAC wrist, 
stage 1 involves arthritis between the radial styloid and 
the distal pole of the scaphoid; stage 2 results in reduction 
or loss of joint space between the radius and the proximal 
pole of the scaphoid (see Fig. 36-3), and stage 3 indicates 

capitolunate degeneration with proximal migration of the 
capitate between the scaphoid and lunate (see Fig. 36-4). 
In a SNAC wrist, stage 1 and stage 3 are similar to those 
in a SLAC wrist. However, in stage 2, there is degenerative 
change between the distal pole of the scaphoid and capi-
tate (see Fig. 36-2).

Other imaging modalities are not necessary for the 
diagnosis of osteoarthritis. Computed tomography is 
sometimes used to evaluate the alignment of the 
scaphoid fragments in cases of nonunion and the 
amount of collapse of the lunate in Kienböck disease. 
Magnetic resonance imaging is occasionally used to 
evaluate the vascularity of the scaphoid proximal pole 
and lunate in scaphoid nonunions and Kienböck 
disease, respectively.19,20 Wrist arthroscopy offers the 
optimal ability to assess the condition of the articular 
cartilage; however, this assessment can be made from 
plain radiographs or at the time of surgical reconstruc-
tion of the wrist.

TREATMENT
Initial
Osteoarthritis of the wrist is a condition that has usually 
been present for a signifi cant amount of time. However, 
it is not uncommon for symptoms to be of a short dura-
tion, and they can often be manifested after seemingly 
trivial trauma. It is important for the physician to estab-
lish good rapport with the patient during several visits 
so that the pathophysiologic changes of the process can 
be emphasized to the patient. This becomes even more 
important in situations involving workers’ compensa-
tion or litigation or both. It is also important for the 
patient to understand that the condition cannot be re-
versed and that the symptoms are likely to be cyclic. 
Patients must understand that over time, the condition 
may worsen radiographically; however, it is impossible 
to predict the rate of progression or severity of symp-
toms that might ensue.

Many patients present with symptoms of wrist osteoar-
thritis that are not severe enough to be limiting but 
enough to be noticed. These patients are often looking 
for reassurance about their condition. If they are able to 

Differential Diagnosis

Acute fracture

Septic arthritis

Crystalline arthritis

Carpal tunnel syndrome

Rheumatoid arthritis

de Quervain tenosynovitis
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do all the activities that they want to do, intervention is 
not needed. They should not refrain from doing their 
activities in fear that they may accelerate the condition; 
there is no scientifi c evidence to substantiate this con-
cern. This approach offers the least amount of risk to 
the patient.

Other patients may prefer to have some symptom reduc-
tion, particularly during episodes of acute worsening, 
despite some inconvenience or small risks. An over-the-
counter wrist splint with a volar metal stabilizing bar 
(cock-up splint) can be a small inconvenience; however, 
by virtue of immobilizing the wrist, it can provide great 
symptom relief during daily activities. This metal bar can 
be contoured to place the wrist in the neutral position 
rather than in extension, as most splints of this nature 
tend to do. The neutral position appears to be better 
tolerated by patients and affords better compliance with 
splint wear. Nonsteroidal anti-infl ammatory drugs can 
also provide signifi cant pain relief, particularly during 
periods of acute exacerbation of symptoms. A long-term 
use of nonsteroidal anti-infl ammatory drugs is not indi-
cated. Periodic application of ice, especially during peri-
ods of acute symptom exacerbation, can be of help. On 
occasion, in patients with radioscaphoid arthritis 
(SNAC), inclusion of the thumb in a custom-made or-
thoplast splint may provide better pain relief.

Rehabilitation
Once the acute infl ammation phase has passed, most 
patients are able to resume most activities. Some may 
complain of persistent lack of motion or strength. These 
patients may benefi t from a home exercise program for 
range of motion and strengthening directed by an oc-
cupational therapist. Modalities such as fl uidized ther-
apy may help with range of motion. Static progressive 
splinting is usually not recommended to improve range 
of motion because there is often a bone block to mo-
tion. It is always important to understand that therapy 
itself may worsen symptoms, especially passive stretch-
ing exercises. Active range of motion and active-assisted 
range of motion exercises are better tolerated by pa-
tients, and some patients may be better off without any 
formal rehabilitation.

Procedures
Nonsurgical procedures, including corticosteroid injec-
tions, may be indicated for wrist osteoarthritis, although 
they appear to have a greater use in crystalline and in-
fl ammatory arthritides. Hyaluronan injections for os-
teoarthritis have been studied in other joints, including 
the thumb carpometacarpal joint, with benefi cial re-
sults; however, their use in the wrist is still considered 
experimental.21 Typically, all injections around the wrist 
should be done by aseptic technique with a 25-gauge, 
11⁄2-inch needle and a mixture of a nonprecipitating, 
water-soluble steroid preparation that is injected along 
with 2 mL of 1% lidocaine.

The radiocarpal joint can be injected from the dorsal 
aspect approximately 1 cm distal to Lister tubercle, with 

the needle angled proximally about 10 degrees to ac-
count for the slight volar tilt of the distal radius articular 
surface. This is done with the wrist in the neutral posi-
tion. Gentle longitudinal traction by an assistant can 
help widen the joint space, which may be reduced on 
account of the disease. An alternative radiocarpal injec-
tion site is the ulnar wrist, just palmar to the extensor 
carpi ulnaris tendon at the level of the ulnar styloid 
process. With strict aseptic technique, a 25-gauge, 
11⁄2-inch needle is inserted into the ulnocarpal space, 
just distal to the ulnar styloid, just dorsal or volar to the 
easily palpable tendon of the extensor carpi ulnaris. The 
needle must be angled proximally by 20 to 30 degrees 
to enter the space between the ulnar carpus and the 
head of the ulna. It is important to ascertain that the 
injectate fl ows freely. Any resistance indicates a need to 
reposition the needle appropriately. Alternatively, the 
injection may be performed by fl uoroscopic guidance 
with the help of a mini image intensifi er, if one is avail-
able in the offi ce.

If a midcarpal injection is required, this is done through 
the dorsal aspect, under fl uoroscopic guidance, with 
injection into the space at the center of the lunate-
triquetrum-hamate-capitate region.

Surgery
The goal of surgery in an osteoarthritic wrist is pain 
relief. Surgical procedures for osteoarthritis can be 
divided into motion-sparing procedures and fusions 
(arthrodesis). However, even motion-sparing proce-
dures often result in signifi cant loss of motion. This is 
very important in patients who have almost no motion 
preoperatively. These patients will not benefi t from 
motion-sparing procedures and are better served with 
total wrist fusions. The decision to proceed with sur-
gery should not be made until nonsurgical means have 
been tried for an adequate time, which usually amounts 
to a period of 3 to 6 months. In some patients who are 
going to have a total wrist fusion, before a decision is 
made about surgery, it is useful to apply a well-molded 
fi berglass short arm cast for 2 weeks to accustom the 
patient to the lack of wrist motion.

Motion-sparing procedures include proximal row car-
pectomy and limited intercarpal fusions with scaphoid 
excision. The excision of the scaphoid is essential be-
cause 95% of wrist arthritis involves the scaphoid.1
Proximal row carpectomy involves removal of the scaph-
oid, lunate, and triquetrum. The capitate then articulates 
with the radius through the lunate fossa (Fig. 36-6). 
Wrist stability is maintained by preserving the volar wrist 
ligaments. As a prerequisite for this procedure, the lu-
nate fossa of the radius and the articular surface over 
the head of the capitate must be healthy and free of de-
generative change (Fig. 36-7). The main advantage of 
this procedure is that it does not involve any fusions. 
After a short period of postoperative casting, patients are 
allowed to start moving the wrist as early as 3 weeks 
after surgery. Most people are able to attain a fl exion-
extension arc of 60 to 80 degrees and 60% to 80% of the 
grip strength of the uninvolved side22,23 (Fig. 36-8). This 
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procedure is appropriate for the early stages of SLAC and 
SNAC arthritis.

The most common limited intercarpal fusion is known 
as the four-corner or four-bone fusion. It involves creat-
ing a fusion mass between the lunate, triquetrum, capi-
tate, and hamate. The scaphoid is excised. The prerequi-
site for this procedure is an intact joint between the 
radius and the lunate. A theoretical advantage of this 
procedure over a proximal row carpectomy is that it 
maintains carpal height, leading to a better grip strength 

(Fig. 36-9). However, this has not been shown to be the 
case in larger studies comparing these two procedures. 
The fl exion-extension arc of wrist motion is also not 
signifi cantly different between these two procedures.23

Theoretical disadvantages of a four-corner fusion in-
clude protracted immobilization until fusion is con-
fi rmed (usually 8 weeks) and the possibility of needing 
a secondary operative procedure to remove hardware 
(Fig. 36-10). This procedure is also appropriate for the 
early stages of SLAC and SNAC arthrosis.

Patients with severe arthrosis that involves not only the 
radiocarpal joint but also the joint between the proxi-
mal and distal carpal rows (midcarpal joint) are better 
served with total wrist fusion. This procedure is also 
benefi cial in patients who present preoperatively with 
minimal or no wrist motion. It involves a fusion be-
tween the radius, proximal row, and distal row of carpal 
bones. The wrist is protected with a splint for 4 to 
6 weeks. Most patients are able to attain a grip strength 
that is 60% to 80% of the opposite side.24 A successful 
fusion abolishes the fl exion-extension arc of wrist mo-
tion and, more important, can be effective in obtaining 
pain relief. However, the lost motion makes it diffi cult 
for patients to position the hand in tight spaces and can 
affect perineal care.25 In these patients, the loss of mo-
tion does not appear to have an adverse functional 
impact because most of these patients have signifi cant 
reduction of motion at the time of presentation. The 
pain relief provided by this procedure, however, can 
have a positive impact on functional outcome to a sig-
nifi cant degree. Pronation and supination are unaf-
fected. This procedure is appropriate for the advanced 
stages of SLAC and SNAC arthritis (Fig. 36-11).

FIGURE 36-6. A and B, Plain radiographs of the patient seen in Figure 36-3 after she underwent a proximal row carpectomy. A terminal radial sty-
loidectomy has also been performed to reduce impingement of the trapezium on the tip of the radius. Note how well the capitate articulates with 
the lunate fossa of the distal radius.

A B

Pisiform

Hamate

Capitate Radio-lunate
ligament

Radio-scapho capitate
ligament

FIGURE 36-7. An intraoperative photograph of the patient seen in 
Figures 36-3 and 36-6, during a proximal row carpectomy, to show 
healthy articular cartilage over the head of the capitate.
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FIGURE 36-8. A and B, Postoperative function 6 months after a proximal row carpectomy. The patient has recovered nearly a 100-degree arc of motion 
and has no pain.

A B

FIGURE 36-9. A and B, Postoperative radiographs after scaphoid excision and four-bone fusion have been performed.

A B

FIGURE 36-10. A and B, A mature four-bone fusion after a secondary procedure to remove the pins seen in Figure 36-9. To avoid the second operative 
procedure, some may elect to leave the pins percutaneous and to remove them during an offi ce visit.

A B
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POTENTIAL DISEASE COMPLICATIONS
Wrist osteoarthritis that progresses to advanced stages 
results in severely painful limitation of motion. Patients 
are unable to do their activities of daily living because 
any load across the arthritic wrist joint results in pain. 
The pain and stiffness can also inhibit the ability of the 
patient to position the hand in space. Rarely, osteo-
phytes occurring over the dorsal aspect of the distal 
radius and the distal radioulnar joint can cause attri-
tional ruptures of extensor tendons.

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory medicines carry risks to 
the cardiovascular, gastric, renal, and hepatic systems. For 
these reasons, these medications are typically used for 
short periods. Surgery exposes the patient to signifi cant 
risks from anesthesia, infection, nerve injury, and tendon 
injury. Fusions carry the risk of nonunion and malunion 
as well as that of hardware complications, such as prom-
inence of the hardware, tendon irritation, and metal 
sensitivity. Motion-sparing procedures can eventually 
lead to further degenerative disease (Fig. 36-12) and in 
the presence of symptoms may require further surgery, 
which most commonly consists of a total wrist fusion.

FIGURE 36-11. A and B, A total wrist arthrodesis with a contoured 
plate and screws. In the anteroposterior radiograph, it is evident that 
the wrist is in mild ulnar deviation; in the lateral radiograph, the wrist 
appears to be in mild dorsifl exion. This is the optimal position for hand 
function in such patients. The patient also underwent excision of the 
distal ulna.

A

B

FIGURE 36-12. Advanced degenerative disease in a patient who under-
went a proximal row carpectomy a few years before. Despite the radio-
graphic appearance, the patient reported only mild pain.

Ch36_193-202-X4007.indd 200Ch36_193-202-X4007.indd   200 3/17/08 9:11:42 PM3/17/08   9:11:42 PM



Wrist  Osteoar thr i t is 201

References
 1. Watson HK, Ballet FL. The SLAC wrist: scapholunate advanced 

collapse pattern of degenerative arthritis. J Hand Surg Am 1984;9:
358-365.

 2. Sodha S, Ring D, Zurakowski D, Jupiter JB. Prevalence of osteo-
arthrosis of the trapeziometacarpal joint. J Bone Joint Surg Am 
2005;87:2614-2618.

 3. Knirk JL, Jupiter JB. Intra-articular fractures of the distal end of the 
radius in young adults. J Bone Joint Surg Am 1986;68:647-659.

 4. Aro HT, Koivunen T. Minor axial shortening of the radius affects 
outcome of Colles’ fracture treatment. J Hand Surg Am 1991;16:
392-398.

 5. Gliatis JD, Plessas SJ, Davis TR. Outcome of distal radial fractures 
in young adults. J Hand Surg Br 2000;25:535-543.

 6. Ruby LK, Stinson J, Belsky MR. The natural history of scaphoid 
non-union. A review of fi fty-fi ve cases. J Bone Joint Surg Am 
1985;67:428-432.

 7. Gelberman RH, Menon J. The vascularity of the scaphoid bone. 
J Hand Surg Am 1980;5:508-513.

 8. Slade JF 3rd, Dodds SD. Minimally invasive management of 
scaphoid nonunions. Clin Orthop Relat Res 2006;445:108-119.

 9. Cooney WP, Linscheid RL, Dobyns JH. Scaphoid fractures. Prob-
lems associated with nonunion and avascular necrosis. Orthop 
Clin North Am 1984;15:381-391.

10. Osterman AL, Mikulics M. Scaphoid nonunion. Hand Clin 
1988;4:437-455.

 11. Lindstrom G, Nystrom A. Incidence of post-traumatic arthrosis 
after primary healing of scaphoid fractures: a clinical and radio-
logical study. J Hand Surg Br 1990;15:11-13.

12. Mack GR, Bosse MJ, Gelberman RH, Yu E. The natural history of 
scaphoid non-union. J Bone Joint Surg Am 1984;66:504-509.

13. O’Meeghan CJ, Stuart W, Mamo V, et al. The natural history of 
an untreated isolated scapholunate interosseous ligament injury. 
J Hand Surg Br 2003;28:307-310.

14. Walsh JJ, Berger RA, Cooney WP. Current status of scapholunate 
interosseous ligament injuries. J Am Acad Orthop Surg 2002;10:
32-42.

15. Ryu J, Cooney WP III, Askew LJ, et al. Functional ranges of motion 
of the wrist joint. J Hand Surg Am 1991;16:409-419.

16. Watson HK, Weinzweig J. Physical examination of the wrist. Hand 
Clin 1997;13:17-34.

17. Brumfi eld RH, Champoux JA. A biomechanical study of normal 
functional wrist motion. Clin Orthop Relat Res 1984;187:23-25.

18. Nissen KL. Symposium on cerebral palsy (orthopaedic section). 
Proc R Soc Med 1951;44:87-90.

19. Allan CH, Joshi A, Lichtman DM. Kienböck’s disease: diagnosis 
and treatment. J Am Acad Orthop Surg 2001;9:128-136.

20. Simonian PT, Trumble TE. Scaphoid nonunion. J Am Acad Orthop 
Surg 1994;2:185-191.

 21. Fuchs S, Monikes R, Wohlmeiner A, Heyse T. Intra-articular hyal-
uronic acid compared with corticoid injections for the treatment 
of rhizarthrosis. Osteoarthritis Cartilage 2006;14:82-88.

22. Imbriglia JE, Broudy AS, Hagberg WC, McKernan D. Proximal 
row carpectomy: clinical evaluation. J Hand Surg Am 1990;15:
426-430.

23. Cohen MS, Kozin SH. Degenerative arthritis of the wrist: proxi-
mal row carpectomy versus scaphoid excision and four-corner 
arthrodesis. J Hand Surg Am 2001;26:94-104.

24. Bolano LE, Green DP. Wrist arthrodesis in post-traumatic arthritis: 
a comparison of two methods. J Hand Surg Am 1993;18:786-791.

25. Weiss AC, Wiedeman G Jr, Quenzer D, et al. Upper extremity func-
tion after wrist arthrodesis. J Hand Surg Am 1995;20:813-817.

Ch36_193-202-X4007.indd 201Ch36_193-202-X4007.indd   201 3/17/08 9:11:43 PM3/17/08   9:11:43 PM



M U S C U L O S K E L E T A L  D I S O R D E R S :  H A N D  A N D  W R I S T

Wrist Rheumatoid Arthritis 37
Brian T. Fitzgerald, MD, and Chaitanya S. Mudgal, 

MD, MS (Orth), MCh (Orth)

203

DEFINITION
Rheumatoid arthritis is a systemic autoimmune disor-
der involving the synovial joint lining and is character-
ized by chronic symmetric erosive synovitis. It has been 
estimated that 1% to 2% of the world’s population is 
affected by this disorder. Women are affected more fre-
quently, and the ratio of gender involvement is 2.5:1. 
The wrist is among the most commonly involved pe-
ripheral joints; more than 65% of patients have some 
symptoms within 2 years of diagnosis, and more than 
90% have symptoms by 10 years.1-3 The wrist articula-
tion can be divided into three compartments, all of 
which are synovium lined and therefore involved in 
rheumatoid arthritis: the radiocarpal, midcarpal, and 
distal radioulnar joints. If medical control of the disease 
is inadequate, signifi cant damage to joint cartilage and 
tendons can occur and also may be accompanied by 
nerve compression syndromes.

Three specifi c processes are involved in the pathophysi-
ologic development of rheumatoid disease: cartilage 
degradation, synovial proliferation or expansion, and 
ligamentous laxity.4 The cascade of events that lead to 
articular cartilage damage is thought to begin when 
platelets, leukocytes, and fi brin clots injure the lumina 
of synovial endothelial cells. The specifi c trigger for this 
endothelial damage is theorized to be the expression of 
vascular and intercellular adhesion molecules, which 

promotes the migration of infl ammatory cells into the 
synovium.5 The result is thickening and proliferation of 
the synovium, chemotactic attraction of polymorpho-
nuclear cells, and release by the polymorphonuclear 
cells of lysosomal enzymes and free oxygen radicals. 
These enzymes destroy joint cartilage and the synovial 
proliferation causes changes in tendons of both an is-
chemic and infl ammatory nature, which make them 
susceptible to weakening and eventual rupture.

Expansion of the synovium leading to symmetric erosive 
joint changes is the sine qua non of rheumatoid disease.4
Areas of the wrist that display vascular penetration into 
bone or contain signifi cant synovial folds, such as the 
radial attachment of the radioscaphocapitate ligament 
(the most radial of the volar radiocarpal ligaments), the 
waist of the scaphoid, and the base of the ulnar styloid 
(prestyloid recess), are the most common sites of pro-
gressive synovitis. The results of chronic erosive changes 
in these areas are bone spicules that can abrade and 
weaken tendons passing in their immediate vicinity, ulti-
mately causing rupture and functional deterioration. The 
extensor tendons to the small fi nger and ring fi nger and 
the fl exor tendon of the thumb are the most commonly 
involved. At the wrist, the extensor tendons are enclosed 
in a sheath of synovium, which makes them susceptible 
to the damaging changes of synovial hypertrophy that is 
commonly seen in rheumatoid arthritis.

Both cartilage loss from degradation and synovial pro-
liferation contribute to ligamentous laxity by causing 
stretching of the normally stout volar radioscapho-
capitate ligament, which is an important stabilizer of 
the carpus in relation to the distal radius. Laxity 
around the wrist leads to the classic rheumatoid defor-
mities of carpal supination and ulnar translocation. In 
addition to ulnar translocation of the carpus, laxity of 
the volar radioscaphocapitate ligament leads to loss 
of the ligamentous support to the waist of the scaph-
oid. The scaphoid responds by adopting a fl exed pos-
ture, and this is accompanied by radial deviation of 
the hand at the radiocarpal articulation in addition to 
the ulnar translocation. When the bony carpus supi-
nates, the distal radius subluxates palmarly and the 
ulna is left relatively prominent on the dorsal aspect 
of the wrist, a condition sometimes referred to as the 

Synonyms
Rheumatoid wrist
Synovitis of the wrist
Tenosynovitis of the wrist
Rheumatoid synovial hypertrophy

ICD-9 Codes
714.0  Rheumatoid arthritis
718.93 Joint derangement, wrist
719.43 Joint pain, wrist
727.00 Synovitis, wrist
727.05 Tenosynovitis
736.00 Joint deformity
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caput ulnae syndrome.6,7 This bone prominence and 
expanding synovitis in the distal radioulnar joint can 
cause injury to the extensor tendons in the area. The 
secondary effect of carpal supination is subluxation of 
the extensor carpi ulnaris tendon in a volar direction, 
to the point that it no longer functions effectively as a 
wrist extensor. The bony architecture of the wrist is af-
fected secondarily, in that the infl ammatory cascade 
also stimulates bone-resorbing osteoclasts, which 
cause subchondral and periarticular osteopenia.

SYMPTOMS
Three distinct areas of the wrist can be the source of symp-
toms from rheumatoid disease: the extensor tendons, the 
distal radioulnar joint, and the radiocarpal joint. How-
ever, symptoms can originate as far proximal as the cervi-
cal spine or involve the shoulder and the elbow.

Joint-related symptoms in early disease include swelling 
and pain, with morning stiffness as a classic characteris-
tic. Symmetric involvement of the wrists is commonly 
present. Loss of motion in the early stages usually results 
from synovial hypertrophy and pain. Progressive loss of 
motion is seen with disease progression and represents 
articular destruction. The prominence of the ulnar head 
at the distal radioulnar joint can be painful because of 
infl ammation within the joint, and it can be a source of 
decreased forearm rotation (Figs. 37-1 and 37-2).

Symptoms of median nerve compression and dysfunc-
tion creating altered or absent sensation primarily in 
the radially sided digits and night pain and paresthesias 
in the hand can be associated with rheumatoid arthritis 
as well. This is primarily due to hypertrophy of the 
tenosynovium around the fl exor tendons within the 
confi ned space of the carpal canal, with resulting com-
pression of the median nerve.

Tenosynovitis of the tendons traversing the dorsal wrist 
can often present as a painless swelling. Patients with 
advanced rheumatoid disease in the wrist or those un-
responsive to medical management may present with 
loss of extension of the digits at the metacarpophalan-
geal joints or with inability to fl ex the thumb at the in-
terphalangeal articulation. These fi ndings result from 
extensor digitorum communis tendon ruptures over the 
dorsal aspect of the wrist or a rupture of the fl exor pol-
licis longus. Deformity of the wrist and hand is often 
the most concerning factor for patients and is attribut-
able to the progressive carpal rotation and translocation 
discussed earlier, coupled with the extensor tendon im-
balance accentuated at the metacarpophalangeal joints 
of the hand, which causes ulnar drift of the digits.

Radial deviation at the radiocarpal joint combined with 
ulnar translocation of the carpus leads to radially di-
rected digits. This, in turn, accentuates the pull of the 
long extensors that approach the metacarpophalangeal 
joints from an ulnar direction. Thus, a compensatory 
ulnar deviation occurs at the metacarpophalangeal 
joints, and it can often be the presenting symptom in 
undiagnosed or untreated patients.

Later stages of the disease usually are manifested with 
complaints of severe pain, decreased motion, signifi cant 
cosmetic concerns, and diffi culties in performing activi-
ties of daily living.

PHYSICAL EXAMINATION
Keeping in mind the three primary locations of rheu-
matoid involvement in the wrist, careful physical ex-
amination can help identify the sources of pain and 

A

B

C

FIGURE 37-1. A, Appearance of the wrist in early rheumatoid arthritis. 
Note the swelling around the ulnar head. B, The synovial hypertrophy 
around the head of the ulna and distal radioulnar joint is appreciated in 
profi le. There is also an early radial deviation of the hand at the wrist. 
C, The prominence of the ulnar head is compounded by the subluxation 
and supination of the carpus, creating an appearance of an abrupt 
change in contour from the wrist to the hand.
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dysfunction and plan a course of treatment. Swelling 
around the ulnar styloid and loss of wrist extension 
secondary to extensor carpi ulnaris subluxation indi-
cate early wrist involvement. Dorsal wrist swelling 
is commonly present and can be due to radiocarpal 
synovitis, tenosynovitis, or a combination of the two 

processes. An infl amed synovial membrane surround-
ing the radiocarpal joint is usually tender to palpation, 
but there can be surprisingly little swelling on exami-
nation if it is confi ned only to the dorsal capsule. 
Swelling that is related to the joint usually does not 
display movement with passive motion of the digits. 
Tenosynovitis, however, is typically painless and non-
tender and moves with tendon excursion as the digits 
are moved.

Distal radioulnar joint involvement is confi rmed with 
tenderness to palpation, pain, crepitation, limitation 
of forearm rotation, and prominence of the ulnar 
head, indicating subluxation or dislocation. If the ul-
nar border of the hand and carpus are in straight 
alignment with the ulna, it is indicative of radial de-
viation and carpal supination. As mentioned previ-
ously, this is often accompanied by an ulnar drift of 
the digits at the metacarpophalangeal joints.

It is important to examine the function and integrity 
of the tendons to the digits, primarily the extensor 
tendons and fl exor pollicis longus tendon, to identify 
any attritional ruptures that may be present. Rupture 
of the extensor tendons to the ring and small fi ngers 
has been termed the Vaughn-Jackson syndrome,8 and 
fl exor pollicis longus rupture has been termed the 
Mannerfelt syndrome.9

Examination for provocative signs of carpal tunnel syn-
drome includes eliciting of Tinel sign over the carpal 
canal, reproduction or worsening of numbness in the 
digits with compression over the proximal edge of 
the canal at the distal wrist crease (Durkan test), or per-
formance of the Phalen test. A careful neurologic 
examination may detect decreased light touch sensibil-
ity in the thumb, index, middle, and radial aspects of 
the ring fi nger if there is advanced median nerve 
dysfunction.

If there is signifi cant synovitis of the radiocapitellar 
joint proximally, there can be posterior interosseous 
nerve dysfunction as well. This is manifested during 
the wrist and hand examination as the inability to 
extend the thumb and digits and, to some extent, the 
wrist. This fi nding, however, needs to be differentiated 
from tendon rupture or subluxation at the level of 
the metacarpophalangeal joints. Strength testing may 
be diminished because of pain from synovitis or the 
inability to contract a muscle secondary to tendon 
rupture.

Examination of the shoulder and elbow should be in-
cluded to identify functional diffi culties from these 
joints that may require treatment before the wrist is 
addressed.

FUNCTIONAL LIMITATIONS
The most common functional limitations expressed 
by patients with advanced rheumatoid disease of the 
wrist are decreased muscle strength, decreased range 
of motion of both the wrist and forearm, deformity, 
and pain. Normal joints proximal and distal to an 

A

B

C

FIGURE 37-2. A, Synovitis around the distal end of the ulna may be 
manifested with swelling just volar to the ulnar styloid, as in this patient. 
B and C, Loss of motion in early rheumatoid disease of the wrist, as in this 
patient, is often a manifestation of the synovitis and pain associated with 
it rather than a true joint destruction.
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abnormal joint can usually allow a great deal of com-
pensatory function.

Rheumatoid patients, however, often have shoulder, el-
bow, and hand involvement and an abnormal wrist, 
which leads to signifi cant limitations in activities of 
daily living. The inability to extend one or more digits 
secondary to extensor tendon rupture, tendon sublux-
ation, or nerve palsy is diffi cult to compensate for, and 
splinting can be cumbersome. Because the distal radio-
ulnar joint is important in allowing functional forearm 
rotation and in helping to position the hand in space, 
advanced synovitis of this joint causing pain and fi xed 
deformity can have a severe impact on a patient’s daily 
functional activity. Functional diffi culties that are com-
monly experienced by these patients include activities 
of lifting, carrying, and sustained or repetitive grasp. 
Whereas a loss of pronation may be compensated for by 
shoulder abduction and internal rotation, supination 
loss is very diffi cult to compensate. This can lead to dif-
fi culty in opening doors and turning keys. Simple acts 
such as receiving change during shopping can be com-
promised by reduced supination. Furthermore, in pa-
tients with shoulder involvement, the freedom of com-
pensatory motion at the shoulder can be severely limited, 
compounding the functional limitations imposed on 
the patient’s function by limitation of forearm rotation.

DIAGNOSTIC STUDIES
Plain radiographs of the wrist that include posterior-
anterior, lateral, and oblique views allow thorough ex-
amination of the radiocarpal, midcarpal, and distal ra-
dioulnar joints. Specifi cally, a supinated oblique view10

should be closely inspected for early changes consistent 
with rheumatoid synovitis. The earliest of these changes 
are symmetric soft tissue swelling and juxta-articular 
osteoporosis. Radiographic staging can be performed as 
well11 (Table 37-1).

Although a majority of patients may have had a diag-
nosis of rheumatoid arthritis already made, radio-
graphic examination occasionally detects the earliest 
signs of the disease by changes in areas of the wrist 

where there is a concentration of synovitis. These 
changes include erosions at the base of the ulnar sty-
loid, the sigmoid notch of the distal radius, and the 
midwaist of the scaphoid and isolated joint space nar-
rowing of the capitolunate joint seen on the posteroan-
terior view (Figs. 37-3 and 37-4). Ulnar translocation 
of the lunate can also be seen on this view. The lateral 
radiograph can show small bone spikes protruding 
palmarly, usually from the scaphoid. Late radiographic 
changes include pancompartmental loss of joint spaces 
and large subchondral erosions12 (Fig. 37-5). Although 
radiographic fi ndings may not always correlate well 
with clinical fi ndings, the information gained from 
plain radiographs can be important in infl uencing 
which procedures will be of most benefi t in patients 

A

B

FIGURE 37-3. A and B, Radiographs (of the patient in Figure 37-2) in 
early rheumatoid disease of the wrist show bone erosions in areas of sy-
novitis, such as around the ulnar styloid and distal radioulnar joint. There 
are also early erosive changes in the scapholunate articulation. The soft 
tissue swelling and deformity around the distal ulna are easily appreci-
ated. These radiographs represent Larsen stage 2 disease.

TABLE 37-1  Larsen Radiographic Staging 
of Rheumatoid Arthritis

Larsen Score Radiographic Status

0 No changes, normal joint

1 Periarticular swelling, osteoporosis, slight 
narrowing

2 Erosion and mild joint space narrowing

3 Moderate destructive joint space narrowing

4 End-stage destruction, preservation of 
articular surface

5 Mutilating disease, destruction of normal 
articular surfaces
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FIGURE 37-4. A, As the disease advances, cystic changes in the ra-
dioscaphoid articulation, reduction in joint space, and osteophyte forma-
tion are clearly seen in this radiograph of stage 3 disease. B, Radiographic 
appearance in stage 3 of persistent synovitis around the ulnar head and 
distal radioulnar joint, which leads to destruction of the ulnar head and 
osteophyte formation, both of which can contribute to extensor tendon 
attrition and rupture. There is ulnar translocation of the carpus best ap-
preciated by the ulnar displacement of the lunate.

A

B

FIGURE 37-5. A and B, In advanced disease (stage 4), there is complete 
loss of joint space affecting the entire wrist, profuse osteophyte forma-
tion best appreciated in the lateral view, and deformation and dorsal 
dislocation of the ulnar head.
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with poor medical disease control. Signifi cant joint 
subluxation, bone loss, relative ulnar length, and ulnar 
translocation can help determine which procedure best 
serves a patient.

Advanced imaging techniques such as magnetic reso-
nance imaging and computed tomography are not 
usually helpful in evaluation or planning for surgery. 
Electrodiagnostic studies are recommended if neuro-
logic symptoms are present.

In patients in whom rheumatoid arthritis is suspected 
clinically, appropriate diagnostic serologic tests may in-
clude rheumatoid factor, antinuclear antibody, HLA-B27, 
sedimentation rate, and anticitrulline antibody assay. 
These tests are performed in conjunction with a consulta-
tion by a rheumatologist or an internist experienced in 
the care of rheumatoid disease.

TREATMENT
Initial
The monitored use of disease-modifying agents has dra-
matically improved control of the disease, especially 
with early, aggressive treatment. Management of local 
disease depends on several factors, such as severity of 
disease, functional limitations, pain, and cosmetic de-
formity. The patient’s education, nutrition, and psycho-
logical health should be maximized.

Acutely painful, infl amed wrists are best managed with 
rest and immobilization and oral anti-infl ammatory 
agents. Splints available over-the-counter are occasion-
ally ill-suited to this population of patients because the 
material cannot mold to the altered anatomic contours. 
In such cases, a custom-made, forearm-based, volar rest-
ing splint that holds the wrist in the neutral position 
will provide support and comfort and is likely to be 
worn with greater compliance. Topical agents such as 
capsaicin cream may be effi cacious in some instances. 
Steroid injections into the wrist can be useful to control 
local synovitis and pain.

Patients with associated carpal tunnel syndrome should 
be issued a wrist splint primarily for nighttime use. 
Steroid injection into the carpal canal is an option, but 
the risks of possible attritional tendon rupture need to 

be discussed with the patient. Thorough knowledge of 
local anatomy is essential before an injection into the 
carpal tunnel is attempted. More important, alteration 
of local anatomy (and therefore altered location of the 
median nerve) must be considered very carefully before 
a carpal tunnel injection.

Rehabilitation
Occupational therapy can offer patients potential pain 
control measures, activity modifi cation education, cus-
tom splinting, and range of motion exercises. A home 
exercise program can be developed to improve function 
and strength if the disease is also under adequate medi-
cal control.

Splinting, primarily of the resting, static form, is used to 
alleviate pain by selective immobilization and support, 
primarily in the acute phase of disease. Splints also serve 
to stabilize joints that are subjected to subluxation forces 
and to improve grip when it is impaired by pain.

In patients affected with local tenosynovitis of the ex-
tensor aspect and unwilling to have an injection, a trial 
of iontophoresis may prove benefi cial. In patients with 
large amounts of subcutaneous adipose tissue, ionto-
phoresis may be of limited effi cacy in joints or periar-
ticular structures. Studies on the effects of hot and cold 
in patients with rheumatoid arthritis show benefi ts in 
pain, joint stiffness, and strength but do not prove the 
superiority of one modality over the other.13 Paraffi n 
baths and moist heat packs are used to improve joint 
motion and pain, allowing improved activity tolerance. 
The results with paraffi n baths are superior when they 
are combined with exercise programs.13 Contrast baths 
may help in reducing diffuse edema but are less com-
monly used in rheumatoid arthritis. Hydrotherapy can 
be an adjunct to many treatment programs, primarily 
for the purpose of decreasing muscle tension and re-
ducing pain.

Physical therapy may be of benefi t if multiple joints are 
affected and symptomatic. Improvement of shoulder 
and elbow function is important because it is diffi cult to 
position a hand in space with a painful, stiff joint 
proximal to it.

Potentially the most critical role of therapy is in the 
postoperative period. It is then that patients particularly 
require monitored splinting, improvement in range of 
motion and strength, edema control, and monitoring of 
progress.

Procedures
Intra-articular cortisone injections are effective in allevi-
ating wrist pain due to synovitis. Typically, all injections 
around the wrist should be done by aseptic technique 
with a 25-gauge, 11⁄2-inch needle and a mixture of a 
nonprecipitating, water-soluble steroid preparation, 
which is injected along with 2 mL of 1% lidocaine.

The radiocarpal joint can be injected from the dorsal 
aspect approximately 1 cm distal to Lister tubercle, with 

Differential Diagnosis

Post-traumatic arthritis

Chronic scapholunate advanced collapse

Septic arthritis

Wrist instability

Carpal tunnel syndrome

Gout
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the needle angled proximally about 10 degrees to ac-
count for the slight volar tilt of the distal radius articular 
surface. This is done with the wrist in the neutral posi-
tion. Gentle longitudinal traction by an assistant can 
help widen the joint space, which may be reduced on 
account of the disease.

An alternative radiocarpal injection site is the ulnar 
wrist, just dorsal or volar to the easily palpable extensor 
carpi ulnaris tendon at the level of the ulnar styloid 
process. The needle must be angled proximally by 20 to 
30 degrees to enter the space between the ulnar carpus 
and the head of the ulna. It is important to ascertain 
that the injectate fl ows freely. Any resistance indicates a 
need to reposition the needle appropriately. Alterna-
tively, the injection may be performed by fl uoroscopic 
guidance with the help of a mini image intensifi er, if 
one is available in the offi ce.

If a midcarpal injection is required, this is done through 
the dorsal aspect, under fl uoroscopic guidance, with 
injection into the space at the center of the lunate-
triquetrum-hamate-capitate region.

Injections into the carpal tunnel are usually performed 
at the level of the distal wrist crease with the needle in-
troduced just ulnar to the palmaris longus, which in 
most patients is just palmar to the median nerve and 
therefore protects it at this level. In patients who do not 
display clinical evidence of a palmaris longus, we do 
not recommend carpal tunnel injections.

Patients must be counseled about the postinjection 
period. It is not uncommon for patients to experience 
some increase in local discomfort for 24 to 36 hours 
after the injection. Use of the splint is recommended 
during this time, and icing of the area may also be 
of benefi t. In our experience, most steroid injections 
take a few days to have a therapeutic effect. As is 
the case with any joint, repeated injections should 
be minimized if there is no radiographic sign of 
advanced cartilage wear because of the deleterious 
effect that corticosteroids can have on articular 
cartilage by transient inhibition of chondrocyte 
synthesis. However, in advanced disease, when joint 
surgery in inevitable, there is no contraindication to 
repeat injections that have proved benefi cial to a 
patient.

Surgery
The indications for operative treatment of the rheuma-
toid wrist include one or more of the following: dis-
abling pain and chronic synovitis not relieved by a 
minimum of 4 to 6 months of adequate medical and 
nonoperative measures; deformity and instability that 
limit hand function; tendon rupture; and nerve com-
pression. Deformity alone is rarely an indication for 
surgery. It is not uncommon to see patients with sig-
nifi cant deformities demonstrate excellent function 
with the use of compensatory maneuvers in the ab-
sence of pain. Corrective surgery in these patients is 
ill-advised.

Surgical procedures can be divided into those involving 
bone and those involving soft tissue. On occasion, a 
bone procedure will be combined with a soft tissue 
procedure in the same setting.

Synovectomy involves the removal of the infl amed, 
thickened joint lining from the radiocarpal and 
distal radioulnar joints and is best performed for the 
painful joint that demonstrates little or no radio-
graphic evidence of joint destruction. Tenosynovec-
tomy involves débridement of the tissue around in-
volved tendons in the hope of avoiding future 
attritional tendon ruptures. Patients best suited for 
these procedures have relatively good medical disease 
control, no fi xed joint deformity, and minimal radio-
graphic changes.

If tendon rupture has already occurred, most commonly 
over the distal ulna, the procedure of choice is some 
form of tendon transfer, usually combined with resec-
tion of the ulnar head (Darrach procedure). Repair is 
not indicated or possible in most cases because of the 
poor tissue quality and extensive loss of tendon tissue 
in the zone of rupture. Depending on the number of 
tendons ruptured, it is possible to transfer the ruptured 
distal tendon into a neighboring healthier tendon or to 
transfer a more distant tendon, such as the extensor in-
dicis proprius or superfi cial fl exor tendon, into the af-
fected tendon. The distal end of a ruptured extensor 
tendon may also be sutured to its unaffected neighbor-
ing extensor, in some cases.

Bone procedures can include resection arthroplasty, re-
surfacing arthroplasty, and limited or complete wrist 
fusions. Resection arthroplasty, such as the Darrach pro-
cedure, in which the distal ulna is resected, is based on 
the concept that removal of a prominent region of bone 
that causes tendon rupture and limits motion will im-
prove both pain and motion of the wrist. There are 
some modifi cations to this technique involving removal 
of a portion of the distal ulna versus the entire head, as 
well as the option to interpose tissue into the distal ra-
dioulnar joint to serve as a spacer.14 Outcomes with this 
type of surgery have shown 75% to 84% grip strength 
improvement and 75% to 85% satisfaction of patients 
and pain relief.15,16

Resurfacing total wrist arthroplasty requires the resec-
tion of a portion of the distal radius and carpus and 
insertion of metallic implants with a polyethylene 
spacer. It is generally restricted to patients with 
low functional demands who have bilateral rheumatoid 
wrist disease and require some motion in one wrist if 
the other is fused. It is most effective in patients who 
have good bone stock, relatively good alignment, and 
intact extensor tendons. The complication rate with 
contemporary designs is 20% to 25% and usually in-
volves implant failure or loosening.17,18 However, some 
studies have shown that with a 5- to 10-year follow-up 
after surgery, pain relief is maintained in 80% to 85% of 
patients, and these patients also retain 50 to 60 degrees 
of combined wrist fl exion and extension.17-19 Improve-
ments in arthroplasty technique and implant design 
may offer improved outcomes in the future.
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Fusion, or arthrodesis, procedures to eliminate pain due 
to signifi cantly degenerative joints are well described.20-25

However, depending on the nature of the fusion, these 
lead to a partial or complete loss of wrist motion. Lim-
ited fusions are described for the distal radioulnar joint 
(Sauvé-Kapandji) and radiolunate joint (Chamay). The 
potential benefi t of limited fusions is some sparing of 
wrist motion, which can occur through the articulations 
that remain unfused, and this sparing of some motion 
can be critical to overall function in this group of pa-
tients. The Sauvé-Kapandji procedure involves fusion of 
the distal radioulnar joint and allows some forearm rota-
tion through an osteotomy of the ulna just proximal to 
the fusion. This osteotomy is essentially a resection of a 
small segment of bone proximal to the fused distal radio-
ulnar joint to construct a “false joint” or pseudarthrosis, 
through which the patient may be able to rotate the fore-
arm. Excellent pain relief has been demonstrated in rheu-
matoid patients with this procedure.26,27 A fusion of the 
radiolunate joint still allows some wrist motion to occur 
through the midcarpal and distal radioulnar joints.

Total wrist fusion is a reliable, safe, and well-established 
procedure for relieving pain and providing a stable wrist 
that improves hand function.20,21,23 Success rates of 65% 
to 85% have been shown in terms of eliminating or 
signifi cantly improving wrist pain.23 For advanced wrist 
rheumatoid disease, it has become the most common 
bone procedure. Fusion can be accomplished either 
with a contoured dorsal plate fi xed to the wrist by 
screws or with one or more large intraosseous pins 
placed across the wrist (Fig. 37-6). The intraosseous 
pins are usually placed through the second or third 
metacarpal or through both, across the wrist into the 
medullary canal of the radius. Ideally, the wrist is fused 
in slight extension to allow improved grip strength. 
High rates of fusion and a 15% rate of symptomatic 
hardware removal have been described.22

If signifi cant median nerve compression exists, an ex-
tended open carpal tunnel release with fl exor teno-
synovectomy is typically performed through a palmar 
incision.

POTENTIAL DISEASE COMPLICATIONS
Rheumatoid arthritis is a chronic, progressive disease that 
can cause signifi cant upper extremity disability at many 
locations by stiffness or instability from the shoulder to 
the hand. If wrist involvement becomes advanced, this 
contributes to problems with motion, pain, stiffness, and 
nerve compression. Extensor and fl exor tendon rupture is 
a common scenario in rheumatoid disease and can com-
plicate management. During the course of their disease, 
the majority of patients with rheumatoid disease will 
lose some functional capacity, and about half will de-
velop disabling disease that requires signifi cant physical 
dependence on adaptive measures for performance of the 
activities of daily living. Occupational therapists and so-
cial workers play roles in obtaining and using aids and 
appliances, such as special grips and alterations of house-
hold appliances, to maximize the patient’s function.

A

B

FIGURE 37-6. A and B, Radiographs depicting a total wrist arthrodesis 
with use of a contoured plate and screws. Note that the distal end of the 
ulna has also been excised (Darrach procedure). The polyarthritic nature 
of the disease process is emphasized by the metacarpophalangeal joint 
arthroplasties in the fi ngers and a metacarpophalangeal arthrodesis of 
the thumb.
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POTENTIAL TREATMENT 
COMPLICATIONS
Systemic complications from the medical treatment of 
rheumatoid arthritis with current disease-modifying 
agents are beyond the scope of this chapter. Analgesics 
and nonsteroidal anti-infl ammatory medications have 
well-known side effects that can affect the cardiac, gas-
tric, renal, and hepatic systems. Intra-articular cortico-
steroid injections involve a very small risk of infection 
as well as cumulative cartilage injury from repeated ex-
posure to steroid.

Surgical complications can result from wound healing 
problems, infection, neurovascular injury, recurrent 
synovitis, recurrent tendon rupture, persistent joint 
instability, and implant loosening or failure. To some 
extent, the frequency of complications may be reduced 
by meticulous surgical technique and judicious man-
agement of medications affecting wound healing and 
immunity, such as methotrexate and systemic steroids.
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Thoracic Compression Fracture 38
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DEFINITION
A compression fracture is caused by forces transmitted 
along the vertebral body. The ligaments are intact, and 
compression fractures are usually stable.3 Compression 
fractures in the thoracic vertebrae are commonly seen in 
osteoporosis with decreased bone mineral density. Such 
fractures may occur with trivial trauma and are usually 
stable.4,5 Pathologic vertebral fractures may occur with 
metastatic cancer (commonly from lung, breast, or 
prostate) as well as with other processes affecting verte-
brae. Trauma, such as a fall from a height or a motor 
vehicle accident, can also result in thoracic compression 
fracture. Considerable force is required to fracture 
healthy vertebrae, which are resistant to compression. 
In such cases, the force required to produce a fracture 
may cause extension of fracture components into the 
spinal canal with neurologic fi ndings. There may be 
evidence of additional trauma, such as calcaneal frac-
tures from a fall. Multiple thoracic compression frac-
tures, as seen with osteoporosis, can produce a kyphotic 
deformity.6-8

SYMPTOMS
Pain in the thoracic spine over the affected vertebrae is 
the usual hallmark of the presentation. It may be se-
vere, sharp, exacerbated with movement, and decreased 
with rest. Severe pain may last 2 to 3 weeks and then 
decrease during 6 to 9 weeks; however, pain may per-
sist for months. Typically, in osteoporotic fractures, 
the mid and lower dorsal vertebrae are affected. Acute 
fractures in osteoporosis, however, may result in little 

discomfort or poor localization.9 Multiple fractures 
result in kyphosis (dowager’s hump). A good history 
and physical examination are essential as there may be 
indicators of a more ominous underlying pathologic 
process.10,11

PHYSICAL EXAMINATION
Tenderness with palpation or percussion over the af-
fected region of the thoracic vertebrae is the primary 
fi nding on examination. Spinal movements also pro-
duce pain. Kyphotic deformity may be present in the 
patient who has had multiple prior compression frac-
tures. Neurologic examination below the level of the 
fracture is recommended to assess for the presence of 
refl ex changes, Babinski sign, and sensory alteration. 
Sacral segments can be assessed through evaluation of 
rectal tone, volitional sphincter control, anal wink, and 
pinprick if there is concern about bowel and bladder 
function.12 The patient’s height, weight, and chest ex-
pansion are useful. It is also important to assess the 
patient’s gait for stability. Comorbid neurologic and 
orthopedic conditions may contribute to gait dysfunc-
tion and fall risk.13,14

FUNCTIONAL LIMITATIONS
Functional limitations in a patient with an acute painful 
thoracic compression fracture can be signifi cant. The 
patient may experience loss of mobility and indepen-
dence in activities of daily living, household activities, 
and social functioning. In patients with severe symp-
toms, hospitalization may be necessary.15

DIAGNOSTIC TESTING
Anteroposterior and lateral radiographs of the thoracic 
spine can confi rm the clinical impression of a thoracic 
compression fracture. On radiographic examination in a 
thoracic compression fracture, the height of the affected 
vertebrae is reduced, generally in a wedge-shaped fash-
ion, with anterior height less than posterior vertebral 
height (Fig. 38-1). A bone scan may help localize (but 
not necessarily determine the etiology of) processes such 

Synonyms
Thoracic compression fracture
Dorsal compression fracture
Wedge compression
Vertebral crush fracture1,2

ICD-9 Code
733.13 Fx vertebra compression thoracic closed
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as metastatic cancer, occult fracture, and infection. Per-
cutaneous needle biopsy of the affected vertebral body 
can be helpful diagnostically in selected cases. Spinal 
imaging, such as computed tomography or magnetic 
resonance imaging, may also elucidate further detail.16

Laboratory tests, including serum calcium concentra-
tion, alkaline phosphatase activity, and 24-hour urine 
collection as well as bone mineral density testing,17 may 
be helpful for metabolic processes. A complete blood 
count and sedimentation rate or C-reactive protein level 
(which are nonspecifi c but sensitive indicators of an oc-
cult infection or infl ammatory disease) may also be 
helpful. Diagnostic testing is directed, as appropriate, on 
the basis of the entire clinical presentation.

TREATMENT
Initial
Initial treatment consists of activity modifi cation, includ-
ing limited bed rest. Cushioning with use of a mattress 
overlay (such as an egg crate) can also be helpful. Phar-
macologic agents, including oral analgesics, muscle relax-
ants, and anti-infl ammatory medications, as appropriate 
to the patient, are helpful. These include such agents as 
tramadol, 50 mg (one or two every 4 to 6 hours, not ex-
ceeding eight per day); propoxyphene napsylate, 100 mg; 
acetaminophen, 650 mg (one every 4 to 6 hours); and 
acetaminophen, 300 mg, and codeine 30 mg (one or 
two every 4 to 6 hours, not exceeding 4 grams per day). 
If pain is more severe or persistent, controlled-release 

oxycodone (10 mg or 20 mg every 12 hours) may be 
considered. Muscle relaxants such as cyclobenzaprine, 
10 mg three times daily, may be helpful initially with 
muscle spasm. A variety of nonsteroidal anti-infl amma-
tories, including celecoxib (Celebrex, a cyclooxygenase 
2 inhibitor), can be considered, depending on the pa-
tient. Calcitonin (one spray daily in alternating nostrils, 
providing 200 IU/0.09 mL per spray) has also been used 
for painful osteoporotic fractures.20 Stool softeners and 
laxatives may be necessary to reduce strain with bowel 
movements and constipation, particularly with narcotic 
analgesics. Avoidance of spinal motion, especially fl ex-
ion, through appropriate body mechanics (such as log 
rolling in bed) and spinal bracing is helpful.

A variety of spinal orthoses reduce spinal fl exion 
(Fig. 38-2). They must be properly fi tted.21,22 A lumbo-
sacral orthosis may be suffi cient for a low thoracic 
fracture. A thoracolumbosacral orthosis is used fre-
quently (Fig. 38-2C and D). If a greater degree of 
fracture immobilization is required, an off-the-shelf 
orthosis (Fig. 38-2E) or a custom-molded body jacket 
may be fi tted by an orthotist.

Proper diagnosis and treatment of underlying contribu-
tors to the thoracic compression fracture are necessary. 
Most thoracic compression fractures will heal.23,24

Rehabilitation
Physical therapy assists with gentle mobilization of the 
patient by employing proper body mechanics, optimiz-
ing transfer techniques, and training with gait aids (such 
as a wheeled walker) to reduce biomechanical stresses on 
the spine and to ensure gait safety.25 Pain-relieving mo-
dalities, such as therapeutic heat or cold, and transcuta-
neous electrical stimulation may also be employed. Exer-
cise should not increase spinal symptoms and should be 
implemented at the appropriate juncture. In addition 
to proper body mechanics and postural training empha-
sizing spinal extension and avoidance of fl exion, spinal 

Differential Diagnosis

Thoracic sprain

Thoracic radiculopathy

Thoracic disc herniation

Metastatic malignant disease

Primary spine malignant neoplasm (uncommon, most 
frequently multiple myeloma)18

Benign spinal tumors

Infection, osteomyelitis (rare)19

Infl ammatory arthritis

Musculoskeletal pain, other

Referred pain (pancreatic cancer, abdominal aortic 
aneurysm)

FIGURE 38-1. Thoracic compression fracture with reduction in anterior 
vertebral height and wedging of the vertebrae.
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A B C

D E

FIGURE 38-2. A, Cruciform anterior spinal hyperextension brace (to limit fl exion). B, Three-point sagittal hyperextension brace (to limit fl exion). 
C, Thoracolumbosacral orthosis, anterior view. D, Thoracolumbosacral orthosis, posterior view. E, Off-the-shelf molded spinal orthosis with Velcro 
closures.
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extensor muscle strengthening, limb strengthening, 
stretching to muscle groups (such as the pectoral muscles, 
hips, and lower extremities), and deep breathing exer-
cises may also be indicated. Weight-bearing exercises for 
bone health, balance, and fall prevention are also impor-
tant.26 Proper footwear, with cushioning inserts, can also 
be helpful. Occupational therapy can help the patient 
with activities of daily living, reinforce proper spinal 
ergonomics, address equipment needs, and prevent falls. 
Successful rehabilitation is targeted at increasing the 
patient’s comfort, decreasing deformity, and decreasing 
resultant disability, and it is individualized to address 
specifi c needs of the patient.27-29

Procedures
Invasive procedures are generally not indicated. Percuta-
neous vertebroplasty or kyphoplasty with use of poly-
methyl methacrylate may help reduce fracture pain, re-
inforce thoracic vertebral strength, and improve function; 

with kyphoplasty, some potential restoration of verte-
bral height has been reported.25,30 Patients with imaging 
evidence of an acute or a subacute thoracic fracture who 
have correlating pain, who fail to improve with conser-
vative management, and who are without contraindica-
tions may be candidates for such interventional proce-
dures. Complications can include infection, bleeding, 
fracture, and systemic issues such as embolism. Cement 
leaks into surrounding tissues with spinal cord, spinal 
nerve, or vascular compression can occur. Figure 38-3 
demonstrates a T11 vertebral fracture case study. The 
radiographs, T1 and T2 magnetic resonance images of 
the fracture, and post-vertebroplasty images are demon-
strated.

Surgery
Surgery is rarely necessary. Surgical stabilization can be 
considered in patients with continued severe pain after 
compression fracture as a result of nonunion of the 

A

B

C

FIGURE 38-3. A, Anteroposterior and lateral x-rays of a 
patient with lower thoracic spine pain after a fall. Note 
T11 compression (arrow). B, MRI of the thoracic spine 
demonstrating T1- (left) and T2- (right) weighted images 
of a T11 compression fracture. C, Anteroposterior and 
lateral x-ray appearance of the T11 vertebrae after 
vertebroplasty. (Courtesy of Kent R. Theilen, MD, Assistant 
Professor of Radiology, Mayo Clinic, Rochester, Minn.)
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fracture, with spinal instability, or if neurologic compli-
cations occur. Referral to a spine surgeon is recom-
mended in these cases for further assessment.31

POTENTIAL DISEASE COMPLICATIONS
Neurologic complications, including nerve or spinal 
cord compromise, as well as orthopedic complications 
with continued pain, nonunion, and instability can oc-
cur. Underlying primary disease, for example, metastatic 
thoracic compression, needs to be addressed. Patients 
with severe kyphosis may experience cardiopulmonary 
dysfunction. Severe kyphosis may also result in rib im-
pingement on the iliac bones, producing more symp-
toms. Severe pain accompanying a fracture may further 
limit deep breathing and increase the risk of pulmonary 
complications, such as pneumonia. Progressive spinal 
deformity may produce secondary pain generators. The 
patient may have progressive levels of dependency as a 
result.

POTENTIAL TREATMENT 
COMPLICATIONS
Side effects with medications, particularly nonsteroidal 
anti-infl ammatory medications as well as narcotic med-
ications, can occur. It is important to select medications 
appropriately for individual patients. There may be dif-
fi culty with the use of spinal orthotics, such as intoler-
ance in patients with gastroesophageal refl ux disease. 
Kyphotic patients frequently do not tolerate orthoses, 
and fi tting is problematic. Surgery can result in many 
complications, not only from general anesthesia risks 
but also from infection, bleeding, or thromboembo-
lism. Poor mechanical strength of bone, as in osteopo-
rosis with paucity of dense lamellar and cortical bone, 
may result in suboptimal surgical outcome.
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DEFINITION
Thoracic radiculopathy is generally a painful syndrome 
caused by mechanical compression, chemical irritation, 
or metabolic abnormalities of the thoracic spinal nerve 
root. Thoracic disc herniation accounts for less than 
5% of all disc protrusions.1,2 The majority of herniated 
thoracic disc herniations (35%) occur between T8 and 
T12, with a peak (20%) at T11-12. Most patients (90%) 
present clinically between the fourth and seventh de-
cades; 33% present between the ages of 40 and 49 years. 
Approximately 33% of thoracic disc protrusions are 
lateral, preferentially encroaching on the spinal nerve 
root; the remainder are central or central lateral, result-
ing primarily in various degrees of spinal cord compres-
sion. Synovial cysts, although rare (0.06% of patients 
requiring decompressive surgery) in the thoracic spine, 
may also be responsible for foraminal encroachment. 
These tend to be more common at the lower thoracic 
levels.3 Natural degenerative forces and trauma are gen-
erally believed to be the most important factors in the 
etiology of mechanical thoracic radiculopathy. Forami-
nal stenosis from bone encroachment may also cause 
compression of the exiting nerve root and radicular 
symptoms. Perhaps one of the most common metabolic 
causes of thoracic radiculopathy is diabetes, often re-
sulting in multilevel disease.4 This may occur at any age 
but often appears with other neuropathic symptoms 
due to injury to the blood supply to the nerve root.

SYMPTOMS
The majority of patients (67%) present with complaints 
of “band-like” chest pain (Fig. 39-1). The second most 
common symptom (16%) is lower extremity pain.5

Injury to nerve roots T2-3 may present as axillary or 
midscapular pain. Injury to nerve roots T7-12 may 
manifest as abdominal pain.6 Unlike thoracic radicu-
lopathy, spinal cord compression produces upper mo-
tor neuron signs and symptoms consistent with my-
elopathy, whereas T11-12 lesions may damage the conus 
medullaris or cauda equina, causing bowel and bladder 
dysfunction and lower extremity symptoms.7 Thus, in a 
true thoracic radiculopathy, pain is the primary com-
plaint. It is important to include in the history any 
trauma or risk factors for non-neurologic causes of chest 
wall or abdominal pain. Because thoracic radiculopathy 
is not common, it is important in nontraumatic cases to 
be suspicious of more serious pathologic processes, 
such as malignant disease. Therefore, a history of weight 
loss, decreased appetite, and previous malignant disease 
should be elicited. Thoracic compression fractures that 
may mimic the symptoms of thoracic radiculopathy 
may be seen in young people with acute trauma, par-
ticularly falls—regardless of whether they land on their 
feet. In older people (particularly women with a history 
of osteopenia or osteoporosis) or in individuals who 
have prolonged history of steroid use, a compression 
fracture should be ruled out.

PHYSICAL EXAMINATION
The physical examination may show only limitations of 
range of motion—particularly trunk rotation, fl exion, 
and extension—generally due to pain. In traumatic 
cases, location of ecchymosis or abrasions should be 
noted. Range of motion testing should not be done if a spinal 
fracture is suspected. Careful palpation for tenderness 
over the thoracic spinous and transverse processes as 
well as over the ribs and intercostal spaces is critical in 
localizing the involved level. Pain with percussion over 
the vertebral bodies should alert the clinician to the 
possibility of vertebral fracture.

Sensation may be abnormal in a dermatomal pattern. 
This will direct the examiner to more closely evaluate the 
involved level. Any abnormalities of the spine should be 
noted, including scoliosis, which is best detected when 
the patient fl exes forward. Weakness or spasticity is 
seldom seen unless the spinal cord is compromised. 

Synonyms
Thoracic radiculitis
Thoracic disc herniation

ICD-9 Code
724.4 Thoracic or lumbosacral neuritis or radiculitis, unspecifi ed
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Deep tendon refl exes should be normal. A thorough ex-
amination of the cardiopulmonary system, abdominal 
organs, and skin should be performed, particularly in 
individuals who have sustained trauma.

FUNCTIONAL LIMITATIONS
The pain produced by thoracic radiculopathy often lim-
its an individual’s movement and activity. Patients may 
complain of pain with dressing and bathing, particu-
larly during activities that include trunk movements, 
such as putting on shoes. Work activities may be re-
stricted, such as lifting, climbing, and stooping. Even 
sedentary workers may be so uncomfortable that they 
are not able to perform their jobs. Anorexia may result 
from pain in the abdominal region.

DIAGNOSTIC STUDIES
Because of the low incidence of thoracic radiculopathy 
and the possibility of serious disease (e.g., tumor), the 
clinician should have a low threshold for ordering im-
aging studies in patients with persistent (more than 2 to 

4 weeks) thoracic pain of unknown origin. Magnetic 
resonance imaging remains the imaging study of choice 
to evaluate the soft tissue structures of the thoracic 
spine. Computed tomography and computed tomo-
graphic myelography are alternatives if magnetic reso-
nance imaging cannot be obtained.

The electromyographic evaluation of thoracic radicu-
lopathy can be challenging because of the limited tech-
niques available and lack of easily accessible muscles 
representing a myotomal nerve root distribution. The 
muscles most commonly tested are the paraspinals, in-
tercostals, and abdominals. The clinician must investi-
gate multiple levels of the thoracic spine to best localize 
the lesion. Techniques for intercostal somatosensory 
evoked potentials have also been shown to isolate indi-
vidual nerve root levels.8

In patients who have sustained trauma, plain radiographs 
are advised to rule out fractures and spinal instability.

TREATMENT
Initial
Pain control is important early in the disease course. 
Patients should be advised to avoid activities that 
cause increased pain and to avoid heavy lifting. Non-
steroidal anti-infl ammatory drugs are often the fi rst line 

FIGURE 39-1. Typical pain pattern in a thoracic radiculopathy.

Differential Diagnosis

Intercostal neuralgia

Cholecystitis

Compression fracture

Angina

Peptic ulcer disease

Rib fracture

Aortic aneurysm

Pyelonephritis

Pott disease

Esophageal disorders

Mastalgia

Malignant neoplasm (primary or metastatic)

Pleuritis

Postherpetic neuralgia

Adiposis dolorosa

Pulmonary embolism

Myofascial trigger point

Enthesopathy (ligament or tendon)

Costovertebral joint dysfunction

Costotransverse ligament sprain
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of treatment and help control pain and infl ammation. 
Oral steroids can be powerful anti-infl ammatory medi-
cations and are typically used in the acute stages. This is 
generally done by starting at a moderate to high dose 
and tapering during several days. For example, a methyl-
prednisolone (Medrol) dose pack is a prepackaged pre-
scription that contains 21 pills. Each pill is 4 mg of Solu-
Medrol. The pills are taken during the course of 6 days. 
On the fi rst day, six tablets are taken, and then the dose 
is decreased by one pill each day. Care should be taken 
with use of steroids in diabetic patients because they 
may elevate blood glucose levels. In patients with un-
controlled diabetes who present with thoracic radicu-
lopathy, glucose control should be attempted, although 
extremely elevated serum glucose levels have not been 
proved to cause the diabetic form of thoracic radiculop-
athy. Because of the risk of gastric ulceration, steroids are 
not typically used simultaneously with nonsteroidal 
anti-infl ammatory drugs. Both non-narcotic and nar-
cotic analgesics may be used to control pain. In subacute 
or chronic cases, other medications may be tried, such as 
tricyclic antidepressants and anticonvulsants (e.g., gaba-
pentin and carbamazepine), which have been effective 
in treating symptoms of neuropathic origin.

Moist heat or ice can be used, as tolerated, for pain. 
Transcutaneous electrical nerve stimulation units may 
also help with pain.

Rehabilitation
Physical therapy can be used initially to assist with pain 
control. Modalities such as ultrasound and electrical 
stimulation may reduce pain and improve mobility. 
Physical therapy can then progress with spine stabiliza-
tion exercises, back and abdominal strengthening, and 
a trial of mechanical spine traction. Some patients may 
benefi t from a thoracolumbar brace to reduce segmen-
tal spine movement. Patients with signifi cant spinal 
instability documented by imaging studies should be 
referred to a spine surgeon.

In addition, physical therapy should address postural 
retraining, particularly for individuals with habitually 
poor posture. Work sites can be evaluated, if indicated. 
All sedentary workers should be counseled on proper 
seating, including use of a well-fi tting adjustable chair 
with a lumbar support. More active workers should be 
advised on appropriate lifting techniques and avoid-
ance of unnecessary trunk rotation.

Finally, physical therapy can focus on improving biome-
chanical factors that may play a role in abnormal loads 
on the thoracic spine. These include fl exibility exercises 
for tight hamstring muscles and orthotics for pes planus 
(fl at feet).

Procedures
Paravertebral spinal nerve root blocks have been shown 
to signifi cantly reduce radiating pain.9 This is done under 
fl uoroscopic guidance to minimize risk of injury to the 
lung and to ensure the accuracy of the level of injection.

Surgery
Thoracoscopic microsurgical excision of herniated tho-
racic discs has been shown to have excellent outcomes 
with less surgical time, less blood loss, fewer postoperative 
complications, and shorter hospitalizations than more 
traditional and invasive surgical approaches.10 Tradition-
ally, mechanical causes of thoracic radiculopathy have 
been treated with posterior laminectomy, lateral costo-
transversectomy, or anterior discectomy by a transthoracic 
approach. In three series of 91 surgically treated cases, 
pain resolved or improved in 67% to 94% of patients, and 
myelopathy improved in 71% to 97% of patients.11

POTENTIAL DISEASE COMPLICATIONS
If it is left untreated, thoracic radiculopathy can result in 
chronic pain and its associated comorbidities. Progres-
sive thoracic spinal cord compression, if unrecognized, 
can lead to paraparesis, neurogenic bowel and bladder, 
and spasticity.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Rarely, short-
term oral steroid use may produce avascular necrosis of 
the hip and, more commonly, glucose intolerance. Tri-
cyclic antidepressants may cause dry mouth and urinary 
retention. Along with anticonvulsants, they may also 
cause sedation. On occasion, physical therapy may exac-
erbate symptoms. The risks of invasive pain procedures 
and surgery, including bleeding, infection, and further 
neurologic compromise, are well documented.
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DEFINITION
Thoracic strain or sprain refers to the acute or subacute 
onset of pain in the region of the thoracic spine due to 
bone or soft tissue injury, including muscles, ligaments, 
tendons, and fascia, of an otherwise normal back. Be-
cause the thoracic cage is unifi ed by the overlying fascia, 
injury or dysfunction of any one of these elements can 
translate into injury to the whole.

Epidemiology
Although literature on musculoskeletal pain in the cer-
vical and thoracic spine is abundant, similar informa-
tion about musculoskeletal pain in the thoracic region 
is sparse.1-3 Patients with mechanical disorders of the 
thoracic spine amount to only 1.96% of all patients 
who experience common mechanical back pain.4 There-
fore, observation and characterization of such lesions 
are minimal, subsequently limiting the potential to im-
prove treatment methods for thoracic sprain and strain 
disorders. Moreover, pain felt in the thoracic spine is 
often referred from the cervical spine, mistakenly giving 
the impression that the incidence is higher than it actu-
ally is.5

Thoracic strain or sprain may be the indirect result of 
disc lesions, the incidence of which has been reported 
to be evenly distributed between the sexes. These are 
most common in patients from the fourth to sixth de-
cades. Protrusions have been found at every level of the 

thoracic spine.6 Intervertebral disc prolapse necessitat-
ing surgery is not common according to DePalma and 
Rothman,7 who reported in 1970 that of 1000 interver-
tebral disc operations, only one was for thoracic disc 
disease. Others have reported isolated cases of thoracic 
disc protrusion.8,9

As with most nonspecifi c mechanical disorders of the 
cervical and lumbar regions, the natural history of the 
majority of patients with nonspecifi c thoracic strain or 
sprain is resolution within several months.

Mechanisms
Thoracic sprain and strain injuries can occur in all age 
groups, but there is an increased prevalence among pa-
tients of working age.10 Intrinsic mechanisms include 
bone disease as well as alteration of normal spine or 
upper extremity biomechanics. This includes cervical or 
thoracic deformity from neuromuscular or spinal dis-
ease as well as shoulder or scapular dysfunction. How-
ever, the most common intrinsic cause of thoracic strain 
is poor posture or excessive sitting. Poor posture may be 
related to development of Scheuermann disease in the 
young and osteoporosis in the elderly.

Poor posture is often manifested as excessive protrac-
tion or drooping of the neck and shoulders as well as 
decreased lumbar lordosis or “fl at back.” The thoracic 
spine is considered to be the least mobile area of the 
vertebral column secondary to the length of the trans-
verse processes, the presence of costovertebral joints, the 
decrease in disc height compared with the lumbar 
spine, and the presence of the rib cage. Movements that 
occur in the thoracic spine include rotation with fl exion 
or extension. With the classic “slouched position” en-
countered in children and adolescents and often carried 
on through adulthood, there is excessive fl exion with a 
decrease in rotation and extension.

Postural alterations promote increased thoracic kypho-
sis, resulting in the “fl exed posture.” Excessive fl exion 
results in excessive strain on the “core,” including the 
small intrinsic muscles of the spine, the long paraspinal 
muscles, and the abdominal and rib cage muscles. Ex-
cessive fl exion can increase the risk of rib stress fractures 

Synonyms
Thoracic sprain
Pulled upper back
Benign thoracic pain

ICD-9 Codes
721.2 Thoracic spondylosis, aggravated
724.1 Thoracalgia (thoracic-mid back pain)
847.1  Sprains and strains of other unspecifi ed parts of back 

(thoracic)
847.2 Thoracic strain
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as well as costovertebral joint irritation. This can cause 
referral of pain to the chest wall with subsequent devel-
opment of trigger points in the erector spinae, levator 
scapulae, rhomboids, and trapezius. Poor motion in 
extension and rotation can place an increased load on 
nearby structures, such as the lumbar or cervical spine 
and shoulders.

Extrinsic or environmental mechanisms include repeti-
tive strain, trauma, and obesity. Risk factors include re-
petitive motions such as lifting, twisting, and bending. 
Occupations requiring manual labor are predisposed to 
a higher incidence of such disorders. Traumatic causes 
include falls, violence, and accidents leading to verte-
bral fractures, chest wall contusions, or fl ail chest.

SYMPTOMS
Patients typically report pain in the mid back, which 
may be related to upper extremity or neck movements. 
Symptoms may be exacerbated by deep breathing, 
coughing, rotation of the thoracic spine, or prolonged 
standing. The pain can be generalized in the mid back 
area or focal. If it is focal, it is usually described as a 
“knot,” which is deep and ache-like. It may radiate to 
the anterior chest wall, abdomen, shoulder-arm, cervi-
cal spine, or lumbosacral spine and may be accentuated 
with movement of the upper extremity or neck. As de-
scribed by McKenzie,5 the location of pain in mechani-
cal disorders of the thoracic spine is either central (sym-
metric) or unilateral (asymmetric).

Like other regional musculoskeletal disorders, thoracic 
pain may derive from soft tissue, visceral, disc, or articu-
lar structures and is diffi cult to differentiate. Other 
symptoms include muscle spasm, tightness, and stiff-
ness as well as pain or decreased range of motion in the 
mid back, low back, neck, or shoulder.

PHYSICAL EXAMINATION
As the thoracic cage and spine are the anchors for the 
limbs, the thoracic spine infl uences and is infl uenced by 
active and resisted movement of the extremities, cra-
nium, and lumbar and cervical spine.11 Therefore, a 
careful spinal and shoulder examination is essential to 
rule out restrictive movements, obvious deformity, soft 
tissue asymmetry, and skin changes (infection, tumor). 
Detailed examination of other systems is important be-
cause thoracic pain can be referred.

Examination includes static and dynamic assessment of 
posture. The examination of sitting and standing pos-
ture and the quality of mount must be established be-
fore dynamic evaluation. The patient should be ob-
served in relaxed stance with the shirt removed. Viewing 
is from the posterior, lateral, and anterior perspectives, 
and deviations from an ideal posture, as described by 
Kendall and associates,12 are noted. McKenzie5 tests 
static positions to determine a direction of preference 
with the following positions: erect sitting fl exion, erect 
sitting extension, erect sitting rotation, and extension 

lying prone and supine. With dynamic assessment, it is 
important to affect the patient’s symptoms by moving 
and stressing the structures from which pain is thought 
to originate.

Active range of motion of the cervical, thoracic, and trunk 
regions is assessed to determine pain-provoking move-
ments.13 Cervical and trunk active range of motion can 
be described on the basis of comparisons of pain-free 
motion in the opposite direction, if present, or an esti-
mated range of normal.14 It has been acknowledged that 
visual estimation of active range of motion for the cervi-
cal and trunk regions has no known reliability.15 Shoul-
der range of motion can be estimated by visually compar-
ing side to side, which has been shown to yield fair to 
good estimates of reliability for the shoulder joint.16

In addition, the presence of deformities and the site of 
pain and tenderness are noted. Pain is often felt be-
tween the scapulae, around the lower border of the 
scapula, and centrally in the area between T1 and T7. 
However, much of the pain felt in the thoracic area has 
been shown to originate in the cervical spine.17 Pain in 
the region above an imaginary line drawn between the 
inferior borders of the scapulae is most likely secondary 
to the cervical region.Pain provocation with palpatory 
assessment or mobility testing has been found to yield 
reliable scores with assessment of the lumbar spine, and 
several authors have suggested that it may thereby be 
used as a basis of clinical decision-making in the assess-
ment of the thoracic spine.13,18,19

Neurologic testing is important and should include mo-
tor, sensory, and refl ex examination. Manual muscle 
testing as described by Hislop and Montgomery20 can be 
used to test upper extremity strength and can be modi-
fi ed in the sitting position to avoid multiple position 
changes. Gross sensory examination by use of light 
touch over the upper extremity and thoracic dermatomes 
can be performed to determine whether nerve root or 
peripheral lesions are present; however, the reliability of 
data obtained during sensory testing by this method has 
not been determined.21 In terms of refl exes, careful ex-
amination of the abdomen can be important. Because 
the abdominal muscles are innervated segmentally, the 
upper muscles from T7 to T10 and the lower muscles 
from T10 to L1, the presence or absence of this refl ex 
may pinpoint the quadrant involved in a lower or upper 
motor neuron lesion at the respective spinal level.

Given the fact that the thoracic cage is unifi ed by the 
overlying fascia and that injury or dysfunction of any 
one of these elements can translate into injury to the 
whole, assessment of accessory motion or joint play can 
be valuable. This can be performed in the prone position 
with pressure directed from posterior to anterior to as-
sess joint play from C7 to T12.21 In addition, accessory 
motion of the costovertebral, costotransverse, and cos-
tosternal joints can be evaluated. Costovertebral and 
costotransverse motion can be assessed with a posterior-
directed force at each rib level.22,23 Even though the cos-
tovertebral and costotransverse joints are two distinct 
articulations, they are often grouped together because 
it has been shown that movement at one joint cannot 
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occur without movement at the other joint. Costosternal 
motion can be assessed with the patient in a supine posi-
tion with pressure directed anterior to posterior at each 
rib level.23 For each assessment, the presence of pain and 
relative mobility compared with the other side should 
be noted.13 In addition, scapular mobility and motion 
should be examined with repeated bouts of shoulder 
fl exion and abduction within the patient’s available ac-
tive range of motion to note the presence of pain and 
relative mobility.20

The essential fi nding in the physical examination of 
thoracic sprain or strain is thoracic muscle spasm with 
a normal neurologic examination. Pain may be exacer-
bated when the patient lifts the arms overhead, extends 
backward, or rotates. Rib motion may be restricted and 
may be assessed by examining excursion of the chest 
wall. This is accomplished by laying hands on the upper 
and lower chest wall and looking for symmetry and 
rhythm of movement. The upper ribs usually move in a 
bucket-handle motion, whereas the lower ribs move in 
a pump-handle motion. Restriction of specifi c ribs can 
be assessed by examining individual rib movements 
with respiration.

The position of comfort is usually fl exion, but this is the 
position that should be avoided. Sensation and refl ex 
examination fi ndings should be normal. A fi nding of 
lower extremity weakness or neurologic defi cit on phys-
ical examination suggests an alternative diagnosis and 
may warrant further investigation.24

FUNCTIONAL LIMITATIONS
Functional limitations include diffi culty with bending, 
lifting, and overhead activities, such as throwing and 
reaching. These limitations affect both active and seden-
tary workers. Activities of daily living, such as upper 
extremity bathing and dressing, might be affected. Gen-
eral mobility may be impaired. As most sports-related 
or leisure activities involve use of the upper extremity, 
extension, or rotation of the thorax, athletic participa-
tion and functional capacity may be limited as well.

DIAGNOSTIC STUDIES
Thoracic sprain and strain injuries are typically diag-
nosed on the basis of the history and physical examina-
tion. No tests are usually necessary during the fi rst 
4 weeks of symptoms if the injury is nontraumatic. If 
there is suspicion of tumor (night pain, constitutional 
symptoms), infection (fever, chills, malaise), or fracture 
(focal tenderness with history of trauma or fall), earlier 
and more complete investigation is warranted.

Plain fi lms are indicated if the injury is associated 
with recent trauma or to rule out osteoporosis or ma-
lignant disease. Magnetic resonance imaging is the 
study of choice in considering thoracic malignant 
neoplasia or when the patient has unilateral localized 
thoracic pain with sensory-motor defi cits to rule out a 
thoracic disc herniation.25 A computed tomographic 

scan or triple-phase bone scan can identify bone ab-
normalities if magnetic resonance imaging is contra-
indicated. However, magnetic resonance imaging can 
detect abnormalities unrelated to the patient’s symp-
toms because many people who do not have pain 
have abnormal imaging fi ndings.26

TREATMENT
Initial
The initial treatment of a thoracic sprain or strain injury 
generally involves the use of cold packs to decrease pain 
and edema during the fi rst 48 hours after the injury. 
Thereafter, the application of moist heat to reduce pain 

Differential Diagnosis

Thoracic back symptoms may also be due to pain re-
ferred from other organ systems or processes. Cancer, 
cardiac, pulmonary, gallbladder, hepatobiliary, renal, and 
gastroesophageal conditions are potential causes of 
referred thoracic or scapular pain.27-30 Bone disease can 
also cause thoracic pain; this includes Paget disease, 
osteopenia or osteoporosis, and osteomalacia. Features 
requiring further consideration include nontraumatic 
pain or night pain (tumor); pulsatile abdominal mass 
(dissecting aortic aneurysm); constitutional symptoms 
of unexplained weight loss, night pain, fever, or chills 
(cancer); fever (possible soft tissue or bone infection); 
enlarging soft tissue mass (thoracolumbar hernia); 
previous use of systemic corticosteroids (osteoporotic 
collapse); immunosuppression (lymphoma, infection); 
and history of cancer (metastatic disease).31,32

Other spinal entities in the differential include the 
following:

Thoracic radiculopathy

Facet joint arthropathy

Structural rib dysfunction

Spinal stenosis

Scheuermann disease

Ankylosing spondylosis

Discitis

Vertebral fracture (trauma, insuffi ciency, pathologic)

Scoliosis or kyphosis

Other extraspinal causes in the differential include the 
following:

Peptic ulcer disease

Pancreatitis

Cholecystitis

Nephrolithiasis

Shingles33,34
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and muscle spasm is indicated. Bed rest for up to 
48 hours may be benefi cial, but prolonged bed rest is 
discouraged. Relative rest by avoidance of activities that 
exacerbate pain is preferable to complete bed rest. Tem-
porary use of a rib binder or elastic wrap may reduce pain 
as well as increase activity tolerance and mobility. A short 
course of nonsteroidal anti-infl ammatory drugs, acet-
aminophen, muscle relaxants, or topical anesthetics such 
as Lidoderm patches may be benefi cial. Capsaicin cream 
can be used topically for shingles or focal tenderness but 
may not be tolerated secondary to burning sensation of 
the skin. Narcotics are generally not necessary.

Rehabilitation
Most acute thoracic sprain or strain injuries will heal 
spontaneously with rest and physical modalities used at 
home, such as ice, heating pad, and massage. Body me-
chanics and postural training are important aspects of 
the rehabilitation program for thoracic sprain or 
strain.35,36 A focus on correct posture at work and while 
driving is specifi cally important. In the car, patients can 
use a lumbar roll to promote proper posture; at work, 
patients are advised to sit upright at the computer in an 
adjustable, comfortable chair. Other workplace modifi -
cations include forearm rests (data arms) to support the 
arms and the use of a telephone earpiece or headset to 
prevent neck and upper thoracic strain.

For patients with abnormally fl exed or slouched pos-
ture, household modifi cations can be made that might 
help encourage extension and subsequently decrease 
pain. These include pillows or lumbar rolls on chairs 
and replacement of sagging mattresses with fi rm bed-
ding. Also, use of paper plates and lightweight cookware 
in the kitchen and reassignment of objects in overhead 
cabinets to areas that are more accessible can help if lift-
ing or reaching is painful.

If pain persists beyond a couple of weeks, physical ther-
apy may be indicated. In general, physical therapy will 
apply movements that centralize, reduce, or diminish 
the patient’s symptoms while discouraging movements 
that peripheralize or increase the patient’s symptoms.5
In most cases, an active approach that encourages stretch-
ing, strengthening, and exercise is preferred to a more 
passive approach. To correct sitting posture, patients are 
advised to continue to use the lumbar roll in all sitting 
environments. To correct standing posture, patients are 
shown how to take the lumbar lordosis off end range 
and to move the lower part of the spine backward while 
at the same time moving the upper spine forward, rais-
ing the chest and retracting the head and neck. To correct 
lying posture, patients should use a fi rm mattress as pre-
viously indicated. In the case of patients who experience 
more pain in the thoracic spine when lying in bed, this 
advice often leads to worsening of the symptoms rather 
than a resolution. In these patients, advice should be 
given to deliberately sag the mattress by placing pillows 
under each end of the mattress so that it becomes 
dished. In this manner, the thoracic kyphosis is not 
forced into the extended range in lying supine, and the 
removal of this stress allows a comfortable night’s sleep. 

However, long-term goals still include improvement in 
extension range of motion.5

In persons with osteoporosis, research has shown that 
extension exercises performed regularly signifi cantly re-
duce the number of compression fractures in the group 
exercising in this manner.37 For this exercise, patients are 
instructed to lie down with a pillow under the abdomen 
and the hands clasped behind the back. The patient is in-
structed to lift the head, shoulders, and both legs simulta-
neously as high as possible; the position is held for a sec-
ond, and then the patient relaxes. This is repeated as many 
times as possible in a progressive fashion, and patients are 
instructed to exercise in this manner for the rest of their 
lives.5 Passive modalities, such as ultrasound, electrical 
stimulation, and light massage for pain control, should be 
used sparingly. Modalities that include superfi cial and 
deep heat or cold may help increase range of motion and 
decrease pain but should be used in moderation.

After a formal physical therapy program is completed, a 
home exercise or gym regimen is essential and should be 
prescribed and individualized for all patients to maintain 
gains made during physical therapy. Exercises at home 
are aimed at improvement in fl exibility of the thoracic 
spine and may include extension in lying, standing, and 
sitting performed six to eight times throughout the day. 
In addition, alternating arm and leg lifts and active trunk 
extension in the prone position should be performed. 
Finally, regular stretching to improve extension and rota-
tion with trigger pointing can decrease muscle tension 
over the affected muscles. A thoracic wedge, which is de-
signed to increase extension range of motion, can be 
used. The wedge is a hard piece of molded plastic or rub-
ber with a wedge cut out to accommodate the spine. The 
patient lies on the ground with the wedge placed in be-
tween the shoulder blades. The patient is instructed to 
arch over it. Alternatively, two tennis balls can be taped 
together for the same effect. These exercises can be done 
before regular stretching to increase excursion. Regular 
massage therapy can maintain fl exibility and prevent 
tightening from more regular exercise.

At the gym, progressive isotonic movements such as 
rowing, lat pull-downs, and pull-ups and an abdominal 
crunch strengthening program should be emphasized. 
Instruction in proper positioning and technique should 
be provided to prevent further injury. Use of a “physio-
ball” at home or at the gym can facilitate trunk exten-
sion as well as abdominal stretching and strengthening 
to increase overall conditioning of the thoracic cage and 
core musculature. This can be done in conjunction with 
use of Thera-Bands with progressive resistance to facili-
tate stretching of the arms and shoulders with mild 
strengthening of the shoulder, arm, and core muscles. 
Finally, a pool program can be prescribed. Swimming 
strokes such as the crawl, backstroke, and butterfl y em-
phasize extension and can be very useful to prevent or 
to correct a fl exion bias. With the crawl, patients are 
instructed to breathe on both sides to prevent unilateral 
strain in the neck and upper thoracic spine.

Manual medicine, which includes osteopathic manip-
ulative medicine, chiropractic, and physical therapy 
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mobilization, may also be used for acute and subacute 
thoracic pain. Specifi cally, techniques that actively en-
gage restrictive movements, such as extension and ro-
tation, can be used. These include muscle energy and 
high-velocity, low-amplitude techniques that engage 
the barrier or restriction to extend the patient’s physi-
ologic barrier. They can be performed at the micro 
segmental level of the spine or at the macro level of the 
thoracic cage, shoulder, and upper extremity. These 
techniques can temporarily reduce restriction of move-
ment to improve overall range with subsequent resto-
ration of proper posture and alignment. There can be 
a subsequent reduction in muscle spasm, increase in 
range of motion, and decrease of pain. In combination 
with an active physical therapy and exercise program, 
small gains with manual medicine can lead to sus-
tained benefi ts in posture and overall conditioning.

Procedures
Trigger point injections may help reduce focal pain 
caused by taut bands of muscle, allowing the patient to 
exercise to restore range of motion, to correct postural 
imbalance, and to increase strength and balance of the 
dysfunctional segment.38,39 Acupuncture can be used for 
local as well as for systemic treatment. Finally, botulinum 
toxin A (Botox) has been used for specifi c muscles, in-
cluding rhomboids, trapezius, levator scapulae, and ser-
ratus, that often contribute to thoracic strain and sprain.

It is generally accepted that administration of botuli-
num toxin A may lead to diminished pain in patients 
with painful muscle spasm or cervical dystonia by de-
creasing muscle tone. Botulinum toxin A is a potent 
neurotoxin that blocks the release of acetylcholine at 
the neuromuscular junction and thereby inhibits mus-
cle contraction.40 It is also thought that botulinum 
toxin may itself possess analgesic properties, but these 
mechanisms are unknown. It is thought that botulinum 
toxin A–induced analgesia arises from reduction of 
muscle spasm by cholinergic chemodenervation at mo-
tor end plates through inhibition of gamma motor end-
ings in muscle spindles.41 In addition, it has been pos-
ited that subcutaneous injection of botulinum toxins 
may contribute to antinociception by inhibition of local 
neurotransmitter release from primary sensory neurons 
in the area of injection.42 Although there are no studies 
specifi cally looking at use of botulinum toxin A for 
treatment of thoracic strain, there are studies that looked 
at treatment of regional myofascial pain disorders. One 
study showed effective pain relief for generalized myo-
fascial pain syndrome.43 In another study, there was no 
statistically signifi cant improvement in pain with direct 
trigger point injections of patients with cervicothoracic 
myofascial pain syndrome.44

In general, doses of Botox should not exceed 400 units 
total, with 25 to 50 units for small muscles and 100 units 
for larger muscles. Typically, the muscle-paralyzing 
effectiveness of botulinum toxin A lasts 3 to 4 months.45

Patients need to be warned of the possibility of excessive 
weakening, infection, bleeding, and development of 
antibodies.

Surgery
Surgery is not usually indicated unless focal disc hernia-
tion is involved or there is instability of particular spinal 
segments from fracture or dislocation.

POTENTIAL DISEASE COMPLICATIONS
Thoracic sprain and strain injuries can occasionally de-
velop into myofascial pain syndromes.

POTENTIAL TREATMENT 
COMPLICATIONS
Possible complications include gastrointestinal side ef-
fects from nonsteroidal anti-infl ammatory drugs. Other 
possible complications include somnolence or confu-
sion from muscle relaxants; addiction from narcotics; 
bleeding, infection, postinjection soreness, and pneu-
mothorax from trigger point injections; excessive weak-
ness and development of antibodies from botulinum 
toxin; and temporary post-treatment exacerbation of 
pain from manual medicine.
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Lumbar Degenerative Disease 41
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DEFINITION
Degeneration of the structures of the spine is a process 
associated with aging. It may be accelerated in patients 
with previous trauma or injury to the lumbar spine. 
L4-5 and L5-S1 are the most commonly involved lum-
bar levels, given that they undergo the greatest torsion 
and compressive loads. Degenerative processes may 
affect several anatomic structures, resulting in different 
clinical syndromes.

The facet (zygapophyseal) joints and sacroiliac joints, 
like other synovial joints in the body, may develop os-
teoarthritis.1 The intervertebral disc experiences progres-
sive disc dehydration as part of the normal aging pro-
cess of the spinal structures. In certain patients, fi ssures 
in the annulus fi brosus may develop, causing an infl am-
matory response. Nociceptive pain fi bers may grow into 
these fi ssures.2 Further degeneration may result in pro-
gression of the disease or complete annular tears, which 
may be the source of discogenic low back pain, also re-
ferred to as internal disc disruption syndrome. Up to 
39% of patients with chronic low back pain may suffer 
from internal disc disruption.3 The loss of segmental 
integrity may lead to further degeneration of the disc, 
which results in narrowing of the intervertebral disc 
space. Because of increased loads on the posterior ele-
ments, facet degeneration may develop. Facet arthropa-
thy may be an independent or concurrent source of low 

back pain. Further disc degeneration and subsequent 
loss of disc height may cause subluxation of the facet 
joints, resulting in degenerative spondylolisthesis, most 
commonly at the L4-5 level.4

Other conditions seen with lumbar degeneration in-
clude spondylosis deformans and diffuse idiopathic 
skeletal hyperostosis. Spondylosis deformans is a de-
generative condition marked by formation of anterolat-
eral osteophytes and is mainly a radiologic diagnosis. In 
spondylosis deformans, the intervertebral spaces are 
usually well preserved, unlike in degenerative disc dis-
ease. The initiating factor in the development of this 
condition may be degeneration of the annulus fi brosus, 
primarily in the anterolateral disc space.5 Spondylosis 
may become clinically symptomatic if excessive osteo-
phyte formation leads to neural compression, such as in 
spinal stenosis. Diffuse idiopathic skeletal hyperostosis 
involves ossifi cation of the ligamentous attachments to 
the vertebral bones (entheses). Radiologic features con-
sist of fl owing, excessive anterior osteophyte formation. 
Diffuse idiopathic skeletal hyperostosis affects 5% to 
10% of patients older than 65 years.6 This diagnosis is 
typically an incidental fi nding on radiologic studies.7

Other factors associated with lumbar degeneration in-
clude environmental, occupational, and psychosocial 
infl uences. Environmental infl uences include cigarette 
smoking and occupational activities that involve repeti-
tive bending and prolonged exposures to stooping, sit-
ting, or vibrational stresses. These repetitive actions may 
result in degeneration of the lumbosacral motion seg-
ments.6 Psychosocial factors are well known to contrib-
ute to signifi cant disability in low back pain, often in 
patients with only minimal structural impairment.8

SYMPTOMS
Lumbar degenerative symptoms range from minor to 
debilitating. Common complaints include chronic back 
pain and stiffness. Patients may also report limited 
range of motion, especially with extension in the case of 
facet arthropathy or spinal stenosis. Symptoms of pain 
with lumbar fl exion, coughing, sneezing, or Valsalva 
maneuver are often associated with disc disease. Should 

Synonyms
Osteoarthritis of the spine
Spondylosis
Lumbar arthritis
Degenerative joint disease of the spine
Degenerative disc disease

ICD-9 Codes
721.3  Lumbosacral spondylosis without myelopathy
721.90 Spondylosis of unspecifi ed site (spinal arthritis)
722.52  Degeneration of lumbar or lumbosacral 

intervertebral disc
724.2  Low back pain
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the degenerative changes result in compression of neu-
ral structures, patients may develop radicular symptoms 
into the leg. This can be seen in conditions such as lum-
bar disc herniations and spinal stenosis.

Lumbar degenerative disease is probably entirely 
asymptomatic in the majority of cases. Approximately 
one third of subjects have substantial abnormalities on 
magnetic resonance imaging despite being clinically 
asymptomatic.9 Because of factors not well understood, 
such as leakage of infl ammatory factors from the disc, a 
chronic pain syndrome may develop in some patients, 
possibly from repetitive sensitization of nociceptive fi -
bers in the annulus fi brosus.10

Clinicians should inquire about atypical symptoms of 
back pain, including night pain, fever, and recent weight 
loss. These may lead to the diagnosis of malignant neo-
plasm or infection.

Symptoms of chronic pain, including sleep disturbances 
and depression, should be sought.

PHYSICAL EXAMINATION
The purpose of the physical examination is to direct fur-
ther evaluation and therapy toward one of the fi ve most 
common sources of low back pain: discogenic, facet ar-
thropathy or instability, radiculopathy or neural com-
pression, myofascial or soft tissue, and psychogenic. 
Combinations of these sources of back pain often exist. 
This distinction will allow the use of advanced diagnostic 
tests and therapeutic options in the most cost-effective 
approach.

A standardized low back examination should include as-
sessment of fl exibility (lumbosacral fl exion, extension, 
trunk rotation, fi nger-fl oor distance, hamstring and ilio-
psoas range of motion, and hip range of motion). An 
inclinometer may assist in standardizing lumbar range of 
motion measurements.11 A complete examination in-
cludes inspection of lower extremities for atrophy and 
vascular insuffi ciency, muscle strength testing, and assess-
ment for sensory abnormalities and their distribution. It 
is important to note asymmetries in deep tendon refl exes 
(patellar tendon [L4], hamstring tendon [L5], and Achil-
les tendon [S1]), which may be the most objective fi nd-
ing. Upper motor neuron signs, such as Babinski and 
Hoffmann, should also be tested. Functional strength 
testing should include heel to toe walking, calf and 
toe raises, single-leg knee bends, and complete gait 
evaluation. Specifi c testing for lower back syndromes in-
cludes straight-leg raising, femoral stretch sign, dural ten-
sion signs, and sacroiliac joint provocative maneuvers 
(e.g., FABER, Gillet, Yeoman, and Gaenslen tests) as well 
as specifi c evaluation techniques, such as the McKenzie 
technique. Assessment of the patient for nonorganic 
signs of back pain (Waddell signs; Table 41-1) will help 
the clinician to recognize patients in whom psychologi-
cal factors may contribute to the pain syndrome.12

FUNCTIONAL LIMITATIONS
Functional limitations in degenerative diseases of the 
lumbar spine depend on the anatomic structures in-
volved. All aspects of daily living, including self-care, 
work, sports activities, and recreation, may be affected.

TABLE 41-1 Waddell Signs

Five nonorganic physical signs are described by Waddell.
Tenderness Nonorganic tenderness may be either superfi cial or nonanatomic. Superfi cial tenderness can be elicited by lightly pinch-

ing over a wide area of lumbar skin. Nonanatomic pain is described as deep tenderness felt over a wide area rather 
than localized to one structure.

Simulation
test

This is usually based on movement that produces pain. Two examples are axial loading, in which low back pain is reported 
on vertical loading over the standing patient’s skull by the clinician’s hands, and rotation, in which back pain is reported 
when the shoulder and pelvis are passively rotated in the same plane as the patient stands relaxed with feet together.

Distraction 
test

If a positive physical fi nding is demonstrated in a routine manner, this fi nding is checked while the patient’s attention is 
distracted. Straight-leg raising is the most useful distraction test. There are several variations to this test; most com-
monly, however, straight-leg raise is done in the supine position and then, while the patient is distracted, in the sitting 
position. This is commonly referred to as the fl ip test. However, one should keep in mind that biomechanically, the two 
positions are very different.

Regional dis-
turbances

Regional disturbances involve a widespread area, such as an entire quarter or half of the body. The essential feature of 
this nonorganic physical sign is divergence of the pain beyond the accepted neuroanatomy. Examples include give-
away weakness in many muscle groups manually tested and sensory disturbances, such as diminished sensation to 
light touch, pinprick, or vibration, that do not follow a dermatomal pattern. Again, care must be taken not to mistake 
multiple root involvement for regional disturbance.

Overreaction Waddell reported that overreaction during the examination may take the form of disproportionate verbalization, facial
expression, muscle tension, tremor, collapsing, and even profuse sweating. Analysis of multiple nonorganic signs 
showed that overreaction was the single most important nonorganic physical sign. However, this sign is also the most 
infl uenced by the subjectivity of the observer.

Modifi ed from Geraci MC Jr, Alleva JT. Physical examination of the spine and its functional kinetic chain. In Cole AJ, Herring SA, eds. The Low Back Pain Handbook. 
Philadelphia, Hanley & Belfus, 1997:58-59.
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Symptoms are typically exacerbated during bending, twist-
ing, stooping, and forward fl exion in patients with primary 
discogenic pain. Patients with facet arthropathy or instabil-
ity report increased pain with extension-based activity, in-
cluding standing and walking. Pain is often relieved with 
sitting and other similar forward-fl exed positions. Patients 
with myofascial or soft tissue syndromes report pain that 
is worsened with static and prolonged physical activity. 
Symptomatic improvement may be associated with rest 
and modalities including heat, cold, and pressure. Patients 
with contributing psychological factors, such as depression 
and somatization disorders, typically report pain out of 
proportion to the underlying pathologic process, poor 
sleep, and signifi cant disability in their daily activities.

DIAGNOSTIC STUDIES
Diagnostic testing is directed by the history and physical 
examination and should be ordered only if the therapeu-
tic plan will be signifi cantly infl uenced by the results. 
Anteroposterior and lateral lumbar spine radiographs are 
helpful for identifying loss of disc height as a result of 
disc degeneration, spondylosis or osteophyte formation, 
and facet arthropathy (Fig. 41-1). Oblique views are help-
ful to identify spondylolysis. Flexion-extension fi lms are 
necessary to identify dynamic instability and can assist in 
the selection of appropriate surgical candidates for fusion 
procedures. Signifi cant degenerative instability usually 
does not occur before the age of 50 years, but it should 

be included as a differential diagnosis in patients with 
clinical symptoms suggestive of advanced facet arthropa-
thy and disc degeneration.6 Magnetic resonance imaging 
of the lumbar spine is used because of its sensitivity for 
identifi cation of abnormalities of the soft tissues and 
neural structures. It is particularly helpful in identifying 
various stages of degenerative disc disease as well as an-
nular tears and disc herniation. Other signifi cant sources 
of back pain, such as neoplasms, osteomyelitis, and frac-
tures, can also be identifi ed with magnetic resonance 
imaging. Computed tomography is a valuable diagnostic 
tool in assessing fractures and other osseous abnormali-
ties of the lumbar spine. Computed tomographic imag-
ing in combination with myelography (computed tomo-
graphic myelography) aids in presurgical planning by 
allowing identifi cation of osseous structures causing neu-
ral compression, especially in spinal stenosis.

Discography is currently the only technique to correlate 
structural abnormalities of the intravertebral disc seen on 
advanced imaging studies with a patient’s pain response. 
Reproduction of painful symptoms with intradiscal injec-
tion of radiopaque contrast material aids in the localiza-
tion of specifi c disc levels as pain generators and can be 
useful in separating painful disc degeneration from pain-
less degeneration. Electrodiagnostic studies may become 
necessary in cases of peripheral neurologic defi cits not 
clarifi ed by physical examination or imaging. They allow 
identifi cation of compression neuropathy, radiculopathy, 
or systemic motor and sensory diseases.

A B

FIGURE 41-1. Chronic degenerative changes—plain fi lm. A, On a coned down lateral fi lm, the L4-5 motion segment shows a vacuum phenomenon 
in the disc (large black arrow), end-plate remodeling with large anterior spurs (curved arrows), and grade I retrolisthesis (open arrow). B, A standing 
lateral fi lm shows multilevel degenerative disc disease with large posterior spurs, small anterior osteophytes, end-plate remodeling, and moderately 
severe disc space narrowing at L2-3, L3-4, and L4-5. (Reprinted with permission from Cole AJ, Herzog RJ. The lumbar spine: imaging options. In 
Cole AJ, Herring SA, eds. The Low Back Pain Handbook. Philadelphia, Hanley & Belfus, 1997:176.)
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Differential Diagnosis (see also Table 41-2)

Radiculopathy

Spondylolysis, spondylolisthesis

Spinal stenosis

Tumors

Fractures (e.g., osteoporotic compression fractures)

Osteomyelitis of the spine, discitis

TREATMENT
Initial
Probably the most important treatment of any low back 
pain condition is education and reassurance of the pa-
tient. Most of the acute low back symptoms are self-lim-
ited and typically resolve within 4 to 6 weeks. The 
mostly benign nature of degenerative conditions of the 
spine should be emphasized as well as the fact that 
acute exacerbations tend to improve over time regard-
less of therapy. Therapy is directed toward management 
of the symptoms rather than “cure” of the disease. 

TABLE 41-2 Pseudospine Pain: Diagnostic Keys

Condition Diagnostic Keys

Vascular Abdominal aortic aneurysm Older than 50 years
Abdominal and back pain
Pulsatile abdominal mass

Gynecologic Endometriosis Woman of reproductive age 
Cyclic pelvic and back pain 

Pelvic infl ammatory disease Young, sexually active woman
Systemically ill (fever chills) 
Discharge, dysuria

Ectopic pregnancy Missed period
Abdominal or pelvic pain
Positive pregnancy test result

Genitourinary Prostatitis Men older than 30 years
Dysuria
Low back and perineal pain

Nephrolithiasis Flank and groin pain
Hematuria

Gastrointestinal Pancreatitis Abdominal pain radiating to back
Systemic signs (fever, nausea, vomiting)
Elevated serum amylase

Penetrating or perforated 
duodenal ulcer

Abdominal pain radiating to back

Rheumatologic Fibromyalgia Young to middle-aged woman
Widespread pain
Multiple tender points
Disrupted sleep, fatigue
Normal radiographs and laboratory values

Polymyalgia rheumatica Older than 50-60 years
Hip or shoulder girdle pain and stiffness
Elevated erythrocyte sedimentation rate
Dramatic response to low-dose prednisone

Seronegative spondyloarthropa-
thies (ankylosing spondylitis, 
Reiter syndrome, psoriatic, 
enteropathic)

Younger man (ankylosing spondylitis, Reiter syndrome)
Lower lumbosacral pain
Morning stiffness (“gel”)
Improvement with activity
Radiographic sacroiliitis

Diffuse idiopathic skeletal hyper-
ostosis (DISH, Forestier disease)

Older than 50-60 years
Thoracolumbar stiffness or pain
Flowing anterior vertebral calcifi cation

Piriformis syndrome Buttock and leg pain
Pain on resisted hip external rotation and abduction
Transgluteal or transrectal tenderness
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Initial therapy for lumbar degenerative disease should 
consist of anti-infl ammatory medications, muscle relax-
ants (Table 41-3), occasionally opioid medications for 
severe symptom exacerbation, and a functionally ori-
ented physical therapy program. Most patients do well 
with these measures and do not require any invasive 
procedures. Other useful initial treatments may include 
trigger point injections as well as heat and cold modali-
ties. Low-dose tricyclic antidepressants can help with 
improvement of sleep.

Rehabilitation
Rehabilitation of lumbar degenerative disc disease in-
cludes a detailed assessment of functional limitations 
and functional goals for every patient. A full assessment 
of occupational and leisure activity demands and goals 
should also be implemented. For example, patients 
with advanced degenerative disc disease may benefi t 
from early vocational rehabilitation and counseling 
with the goal of avoiding future occupational disability 
and surgical procedures.

On occasion, lumbar orthotics are prescribed, but these 
are generally not thought to be benefi cial in the treat-
ment of degenerative low back pain unless there is a 
signifi cant spondylolisthesis or some other specifi c in-
dication.

Therapy goals focus on normalization of impairments in 
fl exibility, strength, and endurance and should emphasize 
healthy lifestyle modifi cations. A basic lumbar stabiliza-
tion program with a focus on posture, footwear modifi ca-
tions (if necessary), workplace modifi cations (if appropri-
ate), and general conditioning works for most patients. 
Modalities such as ultrasound and electrical stimulation 
can be used for acute low back pain; however, the focus of 
supervised therapy should be on an active program rather 
than the passive treatment that modalities provide.

In patients whose condition does not improve with the 
outlined initial therapeutic measures, a more intensive, 

TABLE 41-3  Commonly Used Drugs for Muscle 
Relaxation

Generic Name Brand Name Common Doses

Cyclobenzaprine Flexeril 5-20 mg po tid

Carisoprodol Soma 350 mg po tid

Baclofen Lioresal 10-20 mg po q6h

Methocarbamol Robaxin 500-750 mg po tid

Chlorzoxazone Parafon Forte 250-500 mg po tid

Orphenadrine Norfl ex 100 mg po bid

Modifi ed from Schofferman J. Medications for low back pain. In Cole AJ, 
Herring SA, eds. The Low Back Pain Handbook. Philadelphia, Hanley & 
Belfus, 1997:117.

TABLE 41-2 Pseudospine Pain: Diagnostic Keys—cont’d

Condition Diagnostic Keys

Scheuermann kyphosis Age 12-15 years
Thoracic or thoracolumbar pain
Increased fi xed thoracic kyphosis
3 or more wedged vertebrae with end-plate irregularities

Trochanteric bursitis, gluteal fasciitis Pain or tenderness over greater trochanter

Adult scoliosis Back pain
Uneven shoulders, scapular prominence
Paravertebral hump with forward fl exion

Metabolic Osteoporosis Woman older than 60 years
Severe acute thoracic pain (fracture)
Severe weight-bearing pelvic pain (fracture)
Aching, dull thoracic pain; relieved in supine position (mechanical)
Loss of height, increased thoracic kyphosis

Osteomalacia Diffuse skeletal pain or tenderness
Increased alkaline phosphatase

Paget disease Bone pain: low back, pelvic, tibia
Increased alkaline phosphatase
Characteristic radiographic appearance

Diabetic polyradiculopathy Older than 50 years
Diffuse leg pain, worse at night
Proximal muscle weakness

Malignant neoplasia Older than 50 years
Back pain unrelieved by positional change—night pain
Previous history of malignant disease
Elevated erythrocyte sedimentation rate

Modifi ed from Mazanec D. Pseudospine pain: conditions that mimic spine pain. In Cole AJ, Herring SA, eds. The Low Back Pain Handbook. Philadelphia, Hanley & 
Belfus, 1997:98.
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functional restoration approach may be helpful. This 
commonly includes comprehensive physical rehabilita-
tion with psychological support. These programs can be 
called many things (e.g., comprehensive spine program, 
chronic pain program, work conditioning program). 
Although most of these programs are traditionally 
considered later in the course of degenerative diseases, 
early referral may be helpful in decreasing related dis-
ability.13 Another common functional rehabilitation 
technique is the dynamic lumbar stabilization ap-
proach.14 This muscle stabilization program uses static 
and dynamic postural exercises to improve the patient’s 
overall function. It includes education about proper 
body mechanics during activities of daily living, im-
proved extremity strength and endurance, and muscle 
stabilization through gym training and healthy lifestyle 
activities. The hallmark of this program is that postural 
control is attained through pelvic tilting to control the 
degree of lumbar lordosis in a pain-free range. The pro-
gram is designed to advance the patient toward increas-
ingly demanding exercises and to incorporate these exer-
cises into activities of daily living. The program progresses 
through the building of static strength into dynamic 
stabilization for patients with more physically demand-
ing athletic activities and occupational demands. This 
program is supported by a home exercise program.

Core strengthening expands on the concept of lumbar 
stabilization and has become a key component of reha-
bilitation programs, not only for athletes. Core stability 
is the ability of the lumbopelvic-hip complex to prevent 
buckling and to return to equilibrium after perturba-
tion. Although bone and soft tissues contribute, core 
stability is predominantly maintained by the dynamic 
function of the trunk musculature. Decreased core sta-
bility may predispose to injury, and appropriate train-
ing may reduce injury.15,16

Procedures
Spinal injection procedures have become an increasingly 
important part of the overall treatment program for lum-
bar degenerative disease. These procedures have diagnos-
tic, therapeutic, and even prognostic benefi ts. It is now 
commonly agreed that injections should ideally be per-
formed with x-ray guidance and contrast enhancement.17

The most commonly used procedures are epidural 
steroid injections, which have shown benefi t primarily 
for temporary relief of radicular symptoms.18 Modern 
injection techniques, such as the transforaminal approach, 
ensure that the medication, usually a corti costeroid, is 
delivered into the anterior epidural space.19 Facet joint 
injections are commonly performed intra-articularly or 
through medial branches. Intra-articular facet injections 
may allow temporary pain relief in cases of synovitis and 
facet joint cysts. Medial branch injections are used to es-
tablish the diagnosis of facet-mediated pain by tempo-
rary blockade of the supplying nerve branches of the 
affected joint.20 Medial branch neurotomies (“facet rhi-
zotomies”) may provide longer symptomatic relief for 
patients with clearly identifi ed facet pain.21 On occasion, 
intradiscal steroid injections are applied, but their use is 

debated because intradiscal steroid may cause discitis, 
progression of disc degeneration, and calcifi cation of the 
intervertebral disc.22,23

Minimally invasive intradiscal therapies (e.g., chemo-
nucleolysis, laser, percutaneous disc decompression) 
have been used since the 1970s with various clinical 
successes. Newer treatment techniques have evolved 
in the last several years; intradiscal electrothermal 
therapy involves controlled thermal application to the 
posterior annulus through an intradiscal catheter. The 
currently available research data show confl icting re-
sults about the therapeutic effi cacy of these treatment 
modalities.24

Surgery
The surgical indications for degenerative disc disease of 
the lumbar spine are highly debated and evolving. Sur-
gery is considered when intensive nonsurgical therapy, 
including injection procedures and semi-invasive pro-
cedures, has failed and the patient continues to have 
functionally limiting pain. Confounding psychological 
factors and mental disorders should be excluded before 
any surgical procedure.25 Current data are incomplete 
to judge the scientifi c validity of spinal fusion for low 
back pain syndromes.26 However, if the intervertebral 
disc is clearly identifi ed as the source of low back pain, 
interbody fusion with excision of the diseased disc ap-
pears to have favorable results. In general, surgical op-
tions include posterior fusion procedures with or with-
out pedicle screw instrumentation, anterior interbody 
fusion with or without pedicle screws, and a combina-
tion of these procedures. In case of neural compres-
sion, additional decompression procedures may be 
required.

Disc arthroplasty (“artifi cial disc”) has recently become 
available in the United States after more than a decade 
of positive experience in Europe.27 The indication of 
this surgery is for patients with chronic low back pain 
due to symptomatic degenerative disc disease without 
signifi cant radiographic instability, neural compression, 
and facet joint arthropathy. Current outcome studies do 
not show a clear benefi t in pain and functional im-
provement over fusion surgeries, and questions about 
the longevity of the implants remain.

POTENTIAL DISEASE COMPLICATIONS
In general, degenerative lumbar disease is a benign con-
dition. However, increasing functional limitations can 
occur, especially if advanced segmental degeneration 
leads to neural compression and symptoms of spinal 
stenosis, neural claudication, and segmental instability 
develop. Persistent neurologic defi cits from these condi-
tions are rare and can be avoided if the conditions are 
diagnosed early and appropriate treatment is begun. A 
small number of patients may develop chronic pain 
syndromes. Low back pain is the most common cause 
of the chronic pain syndrome. Not surprisingly, the in-
cidence of mental disorders, such as depression and 
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somatoform disorders, is high, and these disorders 
commonly respond better to a behavioral psychology 
approach than to disease-oriented medical treatment 
approaches. Early detection of patients with mental dis-
orders will help avoid unnecessary medical treatment 
and allow appropriate psychological and psychiatric 
interventions.

POTENTIAL TREATMENT 
COMPLICATIONS
As with any medications, clinicians must be fully aware 
of their risks and unwanted side effects. Analgesics and 
nonsteroidal anti-infl ammatory drugs have well-known 
side effects that most commonly affect the gastric, he-
patic, and renal systems. Muscle relaxants can cause se-
dation. Low-dose tricyclic antidepressants can cause se-
dation and urinary retention in men with benign 
prostatic hypertrophy. Some patients require chronic 
opioid therapy, and issues of constipation and depen-
dence arise. Risks associated with spinal injection in-
clude cortisone fl are, hyperglycemia, dural puncture, 
and, rarely, hematoma, infection, and neurologic dam-
age. All potential complications should be thoroughly 
discussed with the patient before treatment. Potential 
surgical complications will vary with the procedure but 
can be as high as 17% for lumbar fusion procedures for 
degenerative disc disease.28
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DEFINITION
Lumbar facet joints are formed by the articulation of the 
inferior and superior articular facets of adjacent verte-
brae. These joints, located posteriorly in the spinal axis, 
are lined with synovium and have highly innervated 
joint capsules. Lumbar facet arthropathy refers to any 
acquired, degenerative, or traumatic process that changes 
the normal anatomy or function of a lumbar facet joint. 
These changes often disrupt the normal biomechanics 
of the joint, resulting in hyaline cartilage damage and 
periarticular hypertrophy. When they are painful, these 
joints may limit daily living activities, recreational 
sports, and work. Lumbar facet joints may be a primary 
source of pain, but they are often painful concomitantly 
with a degenerative or injured lumbar disc, fracture, or 
ligamentous injury.1

SYMPTOMS
Patients often complain of generalized or lateralized spi-
nal pain, sometimes well localized. Pain may be pro-
voked with spinal extension and rotation, from either a 
standing or a prone position. Relief with partial lumbar 
fl exion is common. In the lumbar spine, these joints may 
refer pain into the buttock or posterior thigh but rarely 
below the knee.2-4 Neurologic symptoms, such as lower 
extremity numbness, paresthesias, and weakness, would 
be unexpected from a primary facet joint disorder.

PHYSICAL EXAMINATION
A detailed examination of the lumbar spine and a lower 
extremity neurologic examination are considered stan-
dard procedure for those thought to have facet arthrop-
athy. Although no portion of the examination has been 
shown to defi nitively correlate with the diagnosis of a 
facet joint disorder, the physical examination can be 
helpful in elevating the clinician’s level of suspicion for 
this diagnosis.5,6 The examination starts with simple 
observation of the patient’s gait, movement patterns, 
posture, and range of motion. Generalized and segmen-
tal spinal palpation is followed by a detailed neurologic 
examination for sensation, refl exes, tone, and strength. 
In the absence of coexisting pathologic processes, such 
as lumbar radiculopathy, strength, sensation, and deep 
tendon refl exes should be normal.

Provocative maneuvers and nerve tension tests, includ-
ing straight-leg raising, should accompany the evalua-
tion to rule out any superimposed nerve root injury that 
might accompany a facet disorder. The clinician notes 
the patient’s response when the lower extremity is raised 
with the hip fl exed and the knee extended. This “ten-
sion” placed on infl amed or injured lower lumbosacral 
nerve roots will provoke pain, paresthesias, or numb-
ness down the extremity. Typically, in isolated cases of 
lumbar facet disorders, this maneuver does not provoke 
radiating symptoms into the lower extremity, but it may 
cause lower back pain. Some physicians fi nd that facet 
pain can be reproduced with prone extension with rota-
tion and standing spinal extension.

Additional examination techniques may be necessary 
(e.g., vascular, peripheral joint), depending on the pa-
tient’s presentation.

FUNCTIONAL LIMITATIONS
Patients with lumbar facet joint arthropathy may experi-
ence diffi culty with prolonged walking, twisting, stair 
climbing, standing, and prone lying. Extreme fl exion 
may also be problematic. Because facet problems are 
common with underlying disc disease, patients often 
have diffi culty with lumbar fl exion activities, such as 
lifting, bending, and stooping.

Synonyms
Z-joint pain
Zygapophyseal joint pain
Facet joint arthritis
Apophyseal joint pain
Posterior element disorder
Facet syndrome

ICD-9 Codes
721.3  Lumbosacral spondylosis without myelopathy
721.90 Spondylosis of unspecifi ed site (spinal arthritis)
724.2  Low back pain
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DIAGNOSTIC STUDIES
Fluoroscopy-guided, contrast-enhanced, anesthetic intra-
articular or medial branch blocks are considered the “gold 
standard” for the diagnosis of a painful lumbar facet joint 
(Figs. 42-1 and 42-2).7,8 Clinical history, examination 
fi ndings, radiographic changes, computed tomography, 
magnetic resonance imaging, and bone scan have not 
been shown to correlate with facet joint pain.5,6,9

TREATMENT
Initial
Initial treatment emphasizes local pain control with ice, 
oral analgesics and nonsteroidal anti-infl ammatory 
drugs, topical creams, local periarticular corticosteroid 
injections, and avoidance of exacerbating activities. Spi-
nal manipulations and acupuncture may also reduce 
local pain. Temporary use of corsets and limited activity 
can be used.

Rehabilitation
Physical therapy may include modalities to control pain 
(e.g., ultrasound), traction, instruction in body mechan-
ics, fl exibility training (including hamstring stretching), 
spinal strengthening, articular mobilization techniques, 
generalized conditioning, and restoration of normal 
movement patterns. Critical assessment of the biome-
chanics of specifi c activities that may be job related 
(e.g., working on an assembly line, carpentry work) or 
sports related (e.g., running, cycling) is important. This 
assessment can result in prevention of recurrent epi-
sodes of pain because changes in a technique or activity 
may reduce the underlying forces at the joint level. 
Simple ergonomic measures that act to support the 
lumbar spine during sitting and standing may reduce 
the occurrence of low back pain from the facet joints. 
These measures include proper chair design and chair 
height, properly designed work table, and adjustable 
chair supports. While standing, the addition of a foot-
rest and the ability to change body position routinely 
may reduce low back pain.

Differential Diagnosis

Radiculopathy

Spondylolysis or spondylolisthesis

Internal disc disruption

Lumbar stenosis

Myofascial pain syndrome

Spondylosis

Nerve root compression

Sacroiliac joint dysfunction

FIGURE 42-1. Oblique radiograph of an L5-S1 Z-joint arthrogram. Supe-
rior and inferior capsular recesses are demonstrated. (Reprinted with 
permission from Lennard TA. Pain Procedures in Clinical Practice. Phila-
delphia, Hanley & Belfus, 2000.)

FIGURE 42-2. Anteroposterior radiograph of a needle placed into the 
L5-S1 facet joint with an arthrogram. (Reprinted with permission from 
Lennard TA. Pain Procedures in Clinical Practice. Philadelphia, Hanley & 
Belfus, 2000.)
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Procedures
Intra-articular, fl uoroscopy-guided, contrast-enhanced 
facet injections are considered essential in the proper 
diagnosis and treatment of a painful facet joint.7,8,10-12 In 
some centers, ultrasound guidance is being used.13,14

Patients can be evaluated before and after injection to 
determine what portion of their pain can be attributed 
to the joints injected. After confi rmation with contrast 
material, 1 to 2 mL of an anesthetic-corticosteroid mix is 
injected directly into the joint. An alternative approach 
is to perform anesthetic medial branch blocks with 
small volumes (0.1 to 0.3 mL) of anesthetic. Recent data 
suggest that medial branch blocks may be the preferred 
method for diagnosis of facet joint pain.12,15,16 If the 
facet joint is found to be the putative source of pain, a 
medial branch neurotomy may be desirable.17-19

Surgery
Surgery is rare in primary and isolated facet arthropa-
thies. Surgical spinal fusion may be performed for dis-
cogenic pain, which may affect secondary cases of facet 
arthropathies.

POTENTIAL DISEASE COMPLICATIONS
Because a common cause of facet arthropathy is degen-
erative in nature, this disorder is often progressive, re-
sulting in chronic, intractable spinal pain.20,21 It often 
coexists with spinal disc abnormalities, further leading 
to chronic pain. This subsequently results in dimin-
ished spinal motion and weakness.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment-related complications may be caused from 
medications; nonsteroidal anti-infl ammatory drugs may 
cause gastrointestinal and renal problems, and analge-
sics may result in liver dysfunction and constipation. 
Local periarticular injections and acupuncture may 
cause local transient needle pain. Local manual treat-
ments or injections will often cause transient exacerba-
tion of symptoms. Intra-articular facet injections will 
cause transient local spinal pain and swelling and pos-
sibly bruising. More serious injection-related complica-
tions include an allergic reaction to the medications, 
injury to a blood vessel or nerve, trauma to the spinal 
cord, and infection. When more serious injection com-
plications occur, they can usually be attributed to poor 
procedure technique.7
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DEFINITION
Lumbar radiculopathy refers to a pathologic process 
involving the lumbar nerve roots. Lumbar radiculitis 
refers to an infl ammation of the nerve root. These terms 
should not be confused with disc herniation, which is a 
displacement of the lumbar disc from its anatomic loca-
tion between the vertebrae (often into the spinal canal) 
(Fig. 43-1). Although lumbar radiculopathy is often 
caused by a herniated lumbar disc, this is not invariably 
the case. Many pathologic processes, such as bone en-
croachment, tumors, and metabolic disorders (e.g., dia-
betes), can also result in lumbar radiculopathy. More 
important, disc herniation is often an incidental fi nding 
on imaging of the lumbar spine of asymptomatic indi-
viduals.1,2

When disc herniation results in radiculopathy, the pre-
cise cause of the pain is not fully understood. The two 
possibilities are mechanical compression and infl am-
mation. It has been demonstrated that in a “nonirri-
tated” nerve, mechanical stimulus rarely leads to pain; 
yet in an “irritated” nerve, it usually results in pain. Fur-
thermore, infl ammatory mediators have experimentally 
been shown to cause radicular pain in the absence of 
compression.3 It is likely that both factors may be at 
work individually or together in any given patient. Be-
cause of this, it should be no surprise that disc hernia-
tions and nerve root compression can be present in 
asymptomatic patients2 and that patients can have 
radiculopathy without visible disc herniations or nerve 
root compression.4 The prevalence of lumbar radicu-

lopathy varies from about 2.2% to 8%, depending on 
the study, and the incidence ranges from 0.7% to 9.6%.5
One study found a higher incidence in men (67%) and 
an association with obesity and smoking. A correlation 
was also found with more strenuous occupations and 
radiculopathy,5 with the highest prevalence in patients 
45 to 65 years old.6

SYMPTOMS
The most common symptom in lumbar radiculopathy is 
pain. The pain may vary in severity and location. The 
pain may be severe and is often increased or precipitated 
by standing, sitting, coughing, and sneezing. The loca-
tion of the pain depends on the nerve root involved, and 
there is a great deal of overlap among the dermatomes. 
Most commonly, S1 radiculopathy produces posterior 
thigh and calf pain; L5, buttocks and anterolateral leg 
pain; L4, anterior thigh, anterior or medial knee, and 
medial leg pain; and L3, groin pain. Usually, the patient 
cannot pinpoint the precise onset of pain. It may start in 
the back, but by the time the patient is evaluated, pain 
may be present only in the buttocks or limb.

Paresthesias are also common and occur in the derma-
tomal distribution of the involved nerve root (rarely is 
complete sensory loss present). The patient may occa-
sionally present with weakness of a part of the limb. On 
rare occasion, there is bladder and bowel involvement, 
especially urinary retention.

PHYSICAL EXAMINATION
The most important elements in the evaluation of lumbar 
radiculopathy are the history and physical examination.7

A thorough musculoskeletal and peripheral neurologic 
examination should be performed. Examine the back 
for asymmetry or a shift over one side of the pelvis. 
Evaluate back motion and see whether radicular symp-
toms (pain radiating to an extremity) in the distribution 
of the patient’s complaints are produced.

Manual muscle testing is a vital part of the examination 
for radiculopathy. The major muscle weakness in relation 

Synonyms
Lumbar radiculitis
Sciatica
Pinched nerve
Herniated nucleus pulposus with nerve root irritation

ICD-9 Codes
722.52  Degeneration of lumbar or lumbosacral intervertebral 

disc
724.2  Low back pain
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to the nerve root involved is as follows: L3, hip fl exors; L4, 
knee extensors and hip adductors; L5, hip abductors, knee 
fl exors, ankle dorsifl exors, foot everters, foot inverters, and 
great toe extensor; S1, ankle plantar fl exors (Table 43-1). 
Try to detect weakness in the distribution of two periph-
eral nerves arising from the same nerve root. Proximal 
muscle weakness in the appropriate nerve root distribu-
tion is useful in distinguishing bilateral radiculopathy 
from peripheral neuropathy.

The straight-leg raising test can be performed with the 
patient sitting or supine. The leg is raised straight up by 
the examiner, and the test result is positive if the pa-
tient complains of pain in the extremity (not in the 
back), typically in a specifi c nerve root distribution. If 
the pain occurs only in the back, this is not an indicator 

of radiculopathy; it is most often seen with nonspecifi c 
low back pain. On occasion, the process of lumbar ra-
diculopathy may start with low back pain, and several 
days or weeks later, the symptom will occur in the leg. 
It is possible that the initial process of nucleus rupture 
through the annulus may result in the initial back pain, 
but the pathogenesis is not completely known at this 
time. Compare side to side to be sure not to confuse 
the pain produced with hamstring stretch. There are a 
number of variations on this test.

Rectal examination and perianal and inguinal sensory 
testing should be done if there is history of bowel or 
bladder incontinence or retention or recent onset of 
erectile dysfunction.

Waddell signs are a group of indicators that a nonor-
ganic process is interfering with the accuracy of the 
physical examination. The signs are superfi cial, nonana-
tomic tenderness; simulation by axial loading or rota-
tion of the head, causing complaints of back pain; dis-
traction by sitting straight-leg raising versus supine; 
regional disturbance, that is, weakness or sensory loss in 
a region of the body that is in a nonanatomic distribu-
tion; and overreaction, what is described commonly as 
excessive pain behavior. These signs are often present in 
patients with compensation, litigation, or psychoemo-
tional issues.8 Evaluation for the presence of Waddell 
signs should be a routine part of the examination in 
patients with these issues.

FUNCTIONAL LIMITATIONS
The functional limitations depend on the severity of 
the problem. Limitations are usually due to pain but 
may occasionally occur because of weakness. Standing 
and walking may be limited, and sitting tolerance is 
often decreased. Patients with an L4 radiculopathy are 
at risk of falling down stairs if the involved leg is their 
“trailing” (power) leg on the stairs. Patients with a se-
vere S1 radiculopathy will be unable to run because of 
calf weakness, even when the pain resolves. Patients 
with L5 radiculopathy may catch the foot on curbs or, 

FIGURE 43-1. A herniated disc.
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TABLE 43-1 Diagnosis of Lumbar Radiculopathy

Nerve Root Pain Radiation Gait Deviation Motor Weakness Sensory Loss Refl ex Loss

L3 Groin and inner thigh Sometimes antalgic Hip fl exion Anteromedial thigh Patellar (variable)

L4 Anterior thigh or 
knee, or upper 
medial leg

Sometimes antalgic; 
diffi culty rising 
onto a stool or 
chair with one leg

Knee extension, 
hip fl exion and
 adduction

Lateral or anterior thigh, 
medial leg and knee

Patellar

L5 Buttocks, anterior or 
lateral leg, dorsal 
foot

Diffi culty heel walk-
ing; if more severe, 
then foot slap or 
steppage gait

Trendelenburg gait

Ankle dorsifl exion, 
foot eversion and 
inversion, toe 
extension, hip 
abduction

Posterolateral thigh, an-
terolateral leg, and 
mid-dorsal foot

Medial hamstring 
(variable)

S1 Posterior thigh, calf, 
plantar foot

Diffi culty toe walking 
or cannot rise on 
toes 20 times

Foot plantar fl exion Posterior thigh and calf, 
lateral and plantar 
foot

Achilles
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if it is severe, on the ground. They may require a brace 
(ankle dorsifl exion assist). In patients with acute 
radiculopathy that is severe, the pain will usually pre-
clude a whole range of activities—household, recre-
ation, and work. The majority of patients, once the 
acute process is ameliorated, can return to most activi-
ties except for heavy household and work activity. After 
about 3 to 6 months, they can return to all activities 
unless there is residual weakness, in which case they 
are limited as noted before, depending on the radicu-
lopathy level.

DIAGNOSTIC STUDIES
Diagnostic testing takes two forms: one to corroborate 
the diagnosis and the second to determine the etiology. 
For simple cases, diagnostic testing is usually not needed, 
and the clinical picture can guide the treatment. A his-
tory that includes trauma, cancer, infection, human im-
munodefi ciency virus infection, diabetes, and the like is 
an indication for earlier diagnostic testing.

Electromyography
Electromyography and nerve conduction studies, when 
they are performed by an individual well versed in the 
diagnosis of neuromuscular disorders, can be valuable 
in the diagnosis of lumbar radiculopathy. They can also 
help with differential diagnoses and in patients whose 
physical examination is not reliable. Electromyography 
has the advantage over imaging techniques of high 
specifi city, and recordings will rarely be abnormal 
in asymptomatic individuals.9 These studies, however, 
do not give direct information about the cause of the 
radiculopathy.

Imaging
Imaging techniques in relation to lumbar radiculopathy 
usually refer to lumbosacral spine radiography, com-
puted tomography (CT), and magnetic resonance imag-
ing (MRI).

Plain radiography can be useful to exclude traumatic 
bone injury or metastatic disease. It allows visualiza-
tion of the disc space but not of the contents of the 
spinal canal or the nerve roots. CT and MRI allow vi-
sualization of the disc, spinal canal, and nerve roots 
(Fig. 43-2). There is a high incidence of abnormal 
fi ndings in asymptomatic people; rates of disc hernia-
tion range from 21% in the 20- to 39-year age group 
to 37.5% in the 60- to 80-year age group.2 To be 
meaningful, CT and MRI must clearly correlate with 
the clinical picture. Perform these studies if tumor is 
suspected or surgery is contemplated. They also may 
be useful in precisely locating pathologic changes for 
selective epidural steroid injection. The most accurate 
study is MRI, and gadolinium enhancement is not 
needed unless tumor is suspected or the patient has 
undergone prior surgery. Gadolinium enhancement is 
useful postsurgically to distinguish disc herniation 
from scar tissue.

TREATMENT
Initial
The treatment goal is to reduce infl ammation and 
thereby relieve the pain and resolve the radiculopathy 
regardless of the underlying anatomic abnormalities. 
Bed rest, which had been the mainstay of nonoperative 
treatment, is now recommended only for symptom 
control. Studies have not shown bed rest to have an ef-
fect on the fi nal outcome of the disorder.10 As long as 
patients avoid activities such as bending and lifting, 
which tend to increase intradiscal pressures, they can 
carry on most everyday activities.

Use nonsteroidal anti-infl ammatory drugs (NSAIDs) to 
help reduce infl ammation and to provide pain relief. 
NSAIDs have been shown to be effective in acute low 
back pain.11 However, a review that included pooling of 
three randomized controlled trials using NSAIDs 
showed no effectiveness over placebo.12 It is still reason-
able to give NSAIDs a short trial in acute lumbar radicu-
lopathy. The use of oral steroids is more controversial 
and has not passed the scrutiny of well-controlled stud-
ies, even in acute low back pain.

Use opioids as needed for pain relief. There is little 
concern for addiction in the acute case, and suffi cient 
medication should be provided. The needs range from 
none to high doses, such as the equivalent of 60 to 
100 mg of morphine (e.g., MS Contin) a day. Start 
with hydrocodone or oxycodone and titrate up as 
needed. For more severe pain, use a long-acting opi-
oid, such as oxycodone (OxyContin) or MS Contin; 

Differential Diagnosis

Trochanteric bursitis

Anserine bursitis

Hamstring strain

Lumbosacral plexopathy

Diabetic amyotrophy

Peripheral neuropathy: sciatic, tibial, peroneal, femoral

Avascular necrosis of the hip

Hip osteoarthritis

Shin splints

Lateral femoral cutaneous neuropathy (meralgia 
paresthetica)

Spinal stenosis

Cauda equina syndrome

Demyelinating disorder

Lumbar facet syndrome

Piriformis syndrome
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for breakthrough pain, use a shorter acting opioid, 
such as hydrocodone, oxycodone, or short-acting mor-
phine. There are scanty data on the use of other 
medication in acute lumbar radiculopathy. Medica-
tions such as cyclobenzaprine, metaxalone, methocar-
bamol, and chlorzoxazone, some of which may have 
effectiveness in acute low back pain,13 have not been 
shown to be effective in acute radiculopathy. Anticon-
vulsants and tricyclic antidepressants, which demon-
strate pain-relieving activity in peripheral neuropathy 
and postherpetic neuralgia, have not been well stud-
ied in lumbar or cervical radiculopathy. In an uncon-
trolled study, lamotrigine has shown effectiveness 
in radiculopathies of 12- to 36-month duration.14

Clinically, it is reasonable to try both an anticonvul-
sant, such as gabapentin or lamotrigine, and a tricy-
clic, such as doxepin or nortriptyline, in a longer 
standing radiculopathy. Start with a low dose and 
titrate up gradually to determine the minimally effec-
tive dose.

Rehabilitation
With an acute painful radiculopathy, it is generally best 
to wait for some of the acute stage to subside before 
physical therapy is ordered. In a longer standing prob-
lem, therapy may be the best fi rst approach.

Physical methods are a useful adjunct to the medica-
tion treatment. Various methods, including fl exion and 
extension exercises (often called a lumbosacral stabili-
zation program), have been tried. Whatever method is 
used, if radicular pain is produced, the exercises should 
be stopped. After the radiculopathy resolves, the pa-
tient is prescribed a proper exercise regimen to improve 
fl exibility and strength. Lumbar stabilization exercises 
and remaining active may be the most effective of the 
various methods studied carefully in lumbar radicu-
lopathy. One study showed no effectiveness of lumbar 
traction.15 Other modalities, such as transcutaneous 
electrical nerve stimulation, acupuncture, massage, and 

A B
C

D

E

FIGURE 43-2. A, Normal disc. Note the concave posterior mar-
gin of the disc (arrows). B, Bulging disc. Image from a CT myelo-
gram shows the broad-based margin of the bulging disc (ar-
rows) pushing on the anterior thecal sac. C, Left posterior disc 
herniation (arrow). D, Right posterior disc herniation. The ab-
normal soft tissue from the herniated disc is seen in the right 
lateral recess on this CT myelogram (arrow). Note the normally 
opacifi ed nerve root sheath on the contralateral side (open ar-
row). E, Herniated discs L4-5 and L5-S1; the L4-5 herniation is 
the larger of the two. There is posterior displacement of the 
low-signal posterior longitudinal ligament (arrow). (Reprinted 
with permission from Barckhausen RR, Math KR. Lumbar spine 
diseases. In Katz DS, Math KR, Groskin SA, eds. Radiology 
Secrets. Philadelphia, Hanley & Belfus, 1998:322-335.)
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manipulation, are not well studied with randomized 
controlled trials in lumbar radiculopathy.4 Because 
they are not likely to cause injury, they can be given 
a short trial. The manipulation should be done 
cautiously.

Procedures
Epidural steroid injection can be very effective in lum-
bar radiculopathy with or without disc herniation, 
especially in patients with acute radiculopathy.15,16 A 
much lower response rate has been found in patients 
with long-standing problems and in those with sec-
ondary reinforcers, such as litigation or workers’ com-
pensation claims. Although it is unclear whether long-
term outcomes are altered, epidural steroids are 
benefi cial during the fi rst 3 months and can allow 
more rapid pain relief and return to function.15 These 
procedures should be performed under fl uoroscopic 
guidance.17 It is reasonable practice to perform a 
translaminar epidural even before imaging techniques. 
If there is no effect with the fi rst injection, selective 
nerve root injection (transforaminal injection) can be 
attempted.17 The transforaminal injection will be most 
effective if it is based on MRI results, particularly if a 
far lateral disc herniation corresponding to the level 
of the radiculopathy is present. It is advisable to per-
form one injection and to reevaluate the patient to 
determine whether more injections are required. A 
maximum of three injections should be performed for 
one episode of radiculopathy, but it is reasonable to 
repeat this procedure for recurrent episodes of radicu-
lopathy after 3 to 6 months.

Nonoperative treatment allows resolution of the ra-
diculopathy in up to 90% of cases.18 More interest-
ingly, studies have demonstrated that when radicu-
lopathy is the result of disc herniation, the actual 
herniation will resolve in the majority of cases, and 
even when the herniation remains, the symptoms of-
ten will still abate.19-21

Surgery
Surgery is appropriate under two conditions. First, sur-
gery is performed on an emergency basis when a patient 
presents with a central disc herniation with bowel and 
bladder incontinence or retention and bilateral lower 
extremity weakness. In this very rare condition, a neuro-
surgeon or orthopedic spine surgeon must be consulted 
immediately and the patient operated on, preferably 
within 6 hours. Second, surgery is an option if a patient 
continues to have pain that limits function after an ad-
equate trial of nonoperative treatment.

Selection of patients is extremely important for a good 
surgical outcome to be achieved. The best outcomes 
occur in patients with single-level root involvement; 
when pain is experienced more in the limb than in the 
back; and with an anatomic abnormality on imaging 
that corresponds to the patient’s symptoms, physical 
examination fi ndings, and electromyographic fi ndings 

in patients without psychological or secondary gain 
issues.22

The type of surgery depends on the cause of the radicu-
lopathy. For cases of disc herniation, simple laminec-
tomy and discectomy suffi ce. Fusion should be avoided 
in these instances. With spinal stenosis, a more exten-
sive laminectomy with foraminotomy may be needed. 
Fusion should be reserved for the relatively infrequent 
case of well-demonstrated spinal instability together 
with radiculopathy or if the surgical procedure will re-
sult in spinal instability.

POTENTIAL DISEASE COMPLICATIONS
Complications relate to involvement of the nerve roots 
in the cauda equina. The most serious is the “paraplegic 
disc.” In this case, the herniated disc can cause paralysis, 
but this is very rare. More common, but still unusual, is 
a disc that causes weakness and involvement of bowel 
and bladder function. Residual weakness may occur ei-
ther spontaneously or after surgery. Patients may pro-
gress to a chronic low back pain syndrome; this is par-
ticularly likely to occur in patients with secondary gain 
issues.

POTENTIAL TREATMENT 
COMPLICATIONS
NSAIDs can cause gastrointestinal bleeding, mouth ul-
cers, and renal and hepatic complications. Newer cyclo-
oxygenase 2 (COX-2) inhibitors avoid the gastrointesti-
nal bleeding. Some questions have been raised about 
the contribution of COX-2 inhibitors and other NSAIDs 
to cardiovascular disease. These medications should al-
ways be used cautiously, in proper doses, and for lim-
ited periods.

Epidural steroid injections can (rarely) result in epidu-
ral abscess and epidural hematoma. Patients should not 
take aspirin for 5 days before the injection. Some cen-
ters recommend that NSAIDs not be taken for 3 to 
5 days before the procedure, although there is no litera-
ture documenting an increased incidence of bleeding 
complications from epidural or spinal injections when 
patients are taking NSAIDs. Warfarin should be discon-
tinued; if in doubt, the international normalized ratio 
should be checked. Clopidogrel bisulfate (Plavix) and 
similar antiplatelet agents should be discontinued for a 
week before injection. The injection can produce local 
pain, and if it is performed without fl uoroscopy, it can 
often result in spinal headache from piercing of the 
dura and resultant spinal fl uid leak. This occurs consid-
erably less often when fl uoroscopic guidance is used.

Surgical complications include infection, nerve root in-
jury, paralysis, local back pain, and the usual postopera-
tive complications (e.g., thrombophlebitis, bladder in-
fection). More serious surgical complications include 
nerve root or cauda equina injury, arachnoiditis, and 
post-laminectomy pain syndromes.
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Low Back Strain or Sprain 44
Omar El Abd, MD
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DEFINITION
Lumbar strain or sprain is a term used by clinicians to 
describe an episode of reported acute low back pain. The 
patients report pain in the low back at the lumbosacral 
region accompanied by contraction of the paraspinal 
muscles (hence, the expression “muscle sprain” or 
“strain”). The defi nite cause is unknown in most cases. It 
most likely is secondary to a chemical or mechanical ir-
ritation of the sensory nociceptive fi bers in the interver-
tebral discs, facet joints, sacroiliac joints, or muscles and 
ligaments at the lumbosacral junction area.

Painful spine conditions are common among the gen-
eral population. Episodes of back pain constitute the 
second leading symptom prompting patients to seek 
evaluation by a physician.1 Waddell2 reported that 60% 
to 70% of people have had an episode of back pain at a 
certain point in their life. Deyo and Tsui-Wu3 reported 
that the cumulative lifetime prevalence of low back pain 
lasting at least 2 weeks is 13.8%. The incidence of ra-
diculopathy is reported to be much lower than the inci-
dence of axial back pain at 2% to 6%.3 Several studies 
suggest that 90% of patients with an acute episode of 
back pain recover within 6 weeks.4,5 On the other hand, 
a study by Waxman and associates6 demonstrated that 
there might be a higher incidence of recurrence and 
persistence of pain after the initial acute episode. As 
studies vary, clinicians encounter a number of patients 
who convert from acute pain to chronic pain.

Consequently, the goals of the clinician evaluating pa-
tients with an episode of acute low back pain are to have 
a working differential diagnosis of the condition and its 

etiology, to rule out radiculopathy or other medical 
causes, to have a rehabilitation plan that aims to prevent 
recurrence of this episode, and to formulate a manage-
ment plan if the condition does not improve promptly.

SYMPTOMS
The pain develops spontaneously or after events such as 
sports participation, repetitive bending, lifting, motor 
vehicle accidents, and falls. Pain is predominantly lo-
cated in the lumbosacral area (axial) overlying the lum-
bar spinous processes and along the paraspinal muscles. 
There may be an association with pain in the lower 
extremities; however, the lower extremity pain is less 
intense than the low back pain. Pain is described as 
sharp and shooting in character.

Trunk rotation, sitting, and bending forward usually 
exacerbate pain. Lying down with application of mo-
dalities (heat or ice) usually mitigates it.

Red fl ags that require prompt medical response are out-
lined in Table 44-1.

ETIOLOGY
Axial Pain (Pain Overlying the Lumbosacral 
Area)
Degenerative disc disease is the most common known 
cause of axial pain. The pain from the intervertebral 
discs is located in proximity to the degenerated disc. 
Multiple infl ammatory products are found in the painful 
disc tissue that may increase the excitability of the sen-
sory neurons. These products are phospholipase A2

(present in high levels),7 prostaglandin E, histamine-like 
substances, potassium ions, lactic acid, substance P, cal-
citonin gene–related peptide, vasoactive intestinal pep-
tide, and other polypeptide amines.8,9 The pain is re-
ferred from the disc to the surrounding back muscles.

Facet (zygapophyseal) joint arthropathy is another 
source of axial pain, present in about 30% to 50% of 
patients describing axial pain in the lumbar as well as in 
the cervical spine.10-12 The facets are paired synovial 
joints adjacent to the neural arches. The facet joints are 

Synonyms
Acute low back pain (“preferred terminology”)
“Pulled muscle” in the low back

ICD-9 Codes
722.10 Degenerative disc disease, lumbar spine
724.2  Low back pain
724.6  Sacroiliac joint disorder
724.8  Facet joint arthropathy
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innervated through the medial branch of the dorsal 
rami of the spinal nerve exiting at the level of the facet 
and the medial branch of the dorsal ramus of the spinal 
nerve cephalad to the joint; innervation possibly ex-
tends two or three levels or more cephalad and caudal 
to the joint. Pain is predominantly in the paraspinal 
area and is accompanied by contractions of the muscles 
that guard around the facet joints. The pain from the 
facet joints can be unilateral or bilateral.

Sacroiliac joint arthropathy is a cause of axial back pain 
as well. The pain is located in the lumbosacral-buttock 
junction with referral to the lower extremity and to the 
groin area. Painful conditions of the sacroiliac joint are 
known to result from spondyloarthropathies, infection, 
malignant neoplasms, pregnancies, and trauma and 
even to occur spontaneously.

Radicular Pain
Involvement of nerve roots causes radicular pain. Nerve 
roots are affected secondary to mechanical pressure and 
infl ammation. Mechanical pressure is usually secondary 
to disc protrusion (herniation) or due to spinal stenosis. 
In disc herniation, the nucleus pulposus protrudes 
through the annulus fi brosus and causes mechanical 
compression of the nerve root either in the central canal 
or in the foramen. Multiple infl ammatory products 
(listed before) that play an important role in producing 
pain accompany acute disc herniations. Disc herniations 
involve all age groups, with predominance in the young 
and middle aged. Spinal stenosis, on the other hand, 
predominantly affects the elderly; it is a combination of 
disc degeneration, ligamentum hypertrophy, and facet 
arthropathy or spondylolisthesis. In radiculopathy, 
symptoms are present along a nerve root distribution. 
This causes pain in the lower extremities. Predominant 
buttocks area pain is a common presentation of lumbar 
radicular pain. Sensory symptoms include pain, numb-
ness, and tingling that follow the distribution of a par-
ticular nerve root. The symptoms may be accompanied 
by motor weakness in a myotomal distribution.

Myofascial Pain
There are different theories explaining muscular reasons 
for acute low back pain, but they remain unproved.13,14

These theories are as follows: infl ammation—failure at 

the myotendinous junction and the production of an 
infl ammatory repair response; ischemia—postural ab-
normalities causing chronic muscle activation and is-
chemia; trigger points secondary to repetitive strain of 
muscles (this theory remains the most attractive14); and 
muscle imbalance.

Referred Pain

Musculoskeletal structures in proximity to the spine 
and organs in the abdomen and pelvis are potential 
sources of pain with referral to the spine and the para-
spinal area.

Occult Lesions
These lesions may present with axial or radicular symp-
toms or with both. Spine metastasis15 and spine and 
paraspinal infections are considered a rare possibility. 
Skilled history taking and physical examination are nec-
essary in diagnosis of these dangerous conditions.

PHYSICAL EXAMINATION
The physical examination starts with a thorough history 
to ascertain the pain’s onset, character, location, and ag-
gravating and mitigating factors. Inquiry about associ-
ated symptoms, such as weakness, bowel or bladder 
symptoms, fever, and abnormal loss of weight, and past 
medical history are important. Examination includes 
inspection of the lower back and the lower extremities. 
Palpation of the paraspinal muscles, lumbar facet joints, 
inguinal lymph nodes, and lower extremity pulses 
is performed. Hip examination, root tension signs, dis-
cogenic provocative maneuvers, and sacroiliac joint 
maneuvers are performed (Table 44-2). Gait examina-
tion, with heel and toe walking, is assessed. Sensory 
examination and thorough manual muscle testing are 
performed. Deep tendon refl exes are examined.

DIAGNOSTIC STUDIES
Radiologic studies are not necessary unless certain red 
fl ags are present16: history of trauma, constitutional 
symptoms, suspicion of radiculopathy, history of can-
cer, or persistent symptoms lasting longer than 1 month 

TABLE 44-1 Red Flags

Symptom Concern

Pain in the lower extremities (including the buttocks) more 
than pain in the lower back

Radiculopathy

Weakness in one or both lower extremities Radiculopathy and the possibility of cauda equina syndrome (especially 
if there is bilateral involvement of the lower extremities)

Bowel or bladder changes; saddle anesthesia Cauda equina

Severe pain in the low back, including pain while lying down Malignant neoplasm

Fever, chills, night sweats, recent loss of weight Infection and malignant neoplasm
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TABLE 44-2 Spine Physical Examination Maneuvers

Maneuver Description Signifi cance

Pelvic rock In a supine position, fl ex the patient’s hips until the fl exed knees 
approximate to the chest; then, rotate the lower extremities 
from one side to the other.

Lumbar discogenic pain provocation

Sustained hip 
fl exion

In a supine position, raise the patient’s extended lower extremi-
ties to approximately 60 degrees. Ask the patient to hold the 
lower extremities in that position and release. The test result is 
positive on reproduction of low lumbar or buttock pain. Then 
lower the extremities successively approximately 15 degrees 
and, at each point, note the reproduction and intensity of pain.

Lumbar discogenic pain provocation

Root tension signs—
upper extremity

Contralateral neck lateral bending and abduction of the ipsilat-
eral upper extremity 

Reproduces cervical radicular pain in the 
periscapular area or in the upper extremity

Spurling maneuver Passively perform cervical extension, lateral bending toward the 
side of symptoms, and axial compression.

Reproduces cervical radicular pain in the 
periscapular area or in the upper extremity

Straight-leg raise While the patient is lying supine, the involved lower extremity is 
passively fl exed to 30 degrees with the knee in full extension.

Reproduces pain in the buttock, posterior 
thigh, and posterior calf in conditions with 
S1 radicular pain

Reverse straight-leg 
raise

While the patient is lying prone, the involved lower extremity is 
passively extended, the knee fl exed.

Reproduces pain in the buttock and anterior 
thigh in conditions with high lumbar (such 
as L3 and L4) radicular pain

Crossed straight-leg 
raise

While the patient is lying supine, the contralateral lower extrem-
ity is passively fl exed to 30 degrees with the knee in full exten-
sion.

Reproduces pain in the ipsilateral buttock, 
posterior thigh, and posterior calf in condi-
tions with S1 radicular pain

Sitting root test While the patient is sitting, the involved lower extremity is pas-
sively fl exed with the knee extended.

Reproduces pain in the buttock, posterior 
thigh, and posterior calf in conditions with 
S1 radicular pain

Lasègue sign While the patient is lying supine, the involved lower extremity is 
passively fl exed to 90 degrees.

Reproduces pain in the buttock, posterior 
thigh, and posterior calf in conditions with 
S1 radicular pain

Bragard sign While the patient is lying supine, the involved lower extremity is 
passively fl exed to 30 degrees, with dorsifl exion of the foot.

Reproduces pain in the buttock, posterior 
thigh, and posterior calf in conditions with 
S1 radicular pain

Gaenslen maneuver The patient is placed in a supine position with the affected side 
fl ush with the edge of the examination table. The hip and 
knee on the unaffected side are fl exed, and the patient clasps 
the fl exed knee to the chest. The examiner then applies pres-
sure against the clasped knee, extends the lower extremity on 
the ipsilateral side, and brings it under the surface of the ex-
amination table.

Reproduces pain in patients with sacroiliac 
joint syndrome

Sacroiliac joint 
compression

Apply compression to the joint with the patient lying on the 
side.

Reproduces pain in patients with sacroiliac 
joint syndrome

Pressure at sacral 
sulcus

Apply pressure on the posterior superior iliac spine (dimple). Reproduces pain in patients with sacroiliac 
joint syndrome

Patrick test (FABER 
test)

While the patient is supine, the knee and hip are fl exed. The hip 
is abducted and externally rotated.

Reproduces pain in patients with sacroiliac 
joint syndrome, facet joint arthropathy 
(pain is reproduced in the low back), de-
generative joint disease of the hip (pain is 
reproduced in the groin)

Yeoman test While the patient is in the prone position, the hip is extended 
and the ilium is externally rotated.

Reproduces pain in patients with sacroiliac 
joint syndrome

Iliac gapping test Distraction can be performed to the anterior sacroiliac ligaments 
by applying pressure to the anterior superior iliac spines.

Reproduces pain in patients with sacroiliac 
joint syndrome
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without improvement. Other reasons include rheuma-
tologic conditions, use of steroids, and litigations.

The “gold standard” for evaluation of painful spine con-
ditions is magnetic resonance imaging (MRI), which 
allows good visualization of discs and nerves as well as 
provides valuable information necessary for further 
management if the condition does not improve. MRI 
evaluation is required only if symptoms persist for lon-
ger than 1 month or if radicular pain or weakness is 
noted. It is also used in the workup for back pain ac-
companied by constitutional symptoms.

TREATMENT
Initial
Infl ammation is a major culprit of pain. Nonsteroidal 
anti-infl ammatory drugs (NSAIDs) are a cornerstone of 
pain management and should be provided in adequate 
doses. Muscle relaxants are commonly used for pain 
management along with NSAIDs. These medications do 
not target a particular pathologic process and should be 
used in conjunction with NSAIDs. They are particularly 
helpful in improving sleep and relieving muscles 
“spasms” in patients with low back pain.

Tramadol and opioid medications can be used in cases of 
severe pain. If there is a need for extended use of these 
medicines, imaging studies should be performed 
promptly and other management modalities should be 
considered. If medical management of pain is ineffective, 
spine manipulation,17 acupuncture, and massage can be 
helpful in providing pain management.18 Modalities 
such as heat and ice can also be used. Bed rest is not rec-
ommended in management of acute low back pain. It is 
advisable to remain active as much as possible.19

Rehabilitation
The cornerstone for a complete recovery and the pre-
vention of a recurrence of acute low back pain or the 
transformation to chronic low back pain is participa-
tion in a regular spine stabilization program. The 
program should begin immediately after the pain 

starts to improve. Initiation of an exercise program 
while the patient is experiencing severe symptoms is 
not helpful because the patient’s ability to participate 
is limited by pain. A lumbar stabilization exercise pro-
gram consists of stretching the lower extremities and 
pelvis and lumbosacral muscles as well as performing 
exercises to strengthen the lumbosacral muscles. Pos-
tural training and learning proper body mechanics are 
essential. Patients are taught to perform these exer-
cises and are advised to incorporate them into their 
daily routine.

Procedures
Spinal injections are not considered a fi rst-line man-
agement of acute low back pain. If progressive radicu-
lopathy is suspected and confi rmed by MRI, therapeu-
tic spinal nerve root blocks should be promptly 
considered. In axial acute low back pain, if conserva-
tive management fails in 4 weeks, MRI is performed. 
If the MRI fi ndings and the clinical fi ndings suggest 
intervertebral disc disease, transforaminal epidural 
steroid injections or interlaminar epidural steroid in-
jections are used. In this context, if MRI fi ndings are 
normal and clinical fi ndings suggest abnormality, ther-
apeutic facet joint injections or sacroiliac joint injec-
tions are used.

Surgery
Surgical intervention is not indicated in the manage-
ment of acute low back pain.

POTENTIAL DISEASE COMPLICATIONS
Most patients will recover within 2 weeks. However, if 
symptoms change from axial low back pain to radicular 
pain, weakness develops in one or both lower extremi-
ties, or pain persists, the clinician should promptly or-
der imaging studies. Further management is required as 
soon as possible to prevent deterioration of the patient’s 
condition.

POTENTIAL TREATMENT 
COMPLICATIONS
NSAIDs used in management have known gastrointesti-
nal complications, such as peptic ulcer disease. Patients 
must take the medications with food, antacids, or ulcer-
preventing medications.

Muscle relaxants, tramadol (Ultram), and opioids have 
sedative side effects. Patients are advised to refrain from 
driving and operating machinery while taking these 
medications.

Differential Diagnosis

Degenerative disc disease

Facet joint arthropathy

Lumbar radiculopathy

Sacroiliac joint syndrome

Acute vertebral compression fracture

Sacral stress fracture

Referred pain from abdomen or pelvis

Occult lesions in the spine, such as metastasis or 
infection
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DEFINITION
Spondylolysis refers to a bone defect in the pars interar-
ticularis. The term pars interarticularis translates to 
“bridge between the joints”; as such, it is the isthmus or 
bone bridge between the inferior and superior articular 
surfaces of the neural arch of a single vertebra. When 
bilateral spondylolysis is present, the posterior aspects 
of the neural arch including the inferior articular sur-
faces are no longer connected by bone to the rest of the 
vertebra (Fig. 45-1).

Spondylolysis is an acquired condition; it has never 
been found at birth.1 Spondylolysis is most commonly 
acquired early in life2,3 and is identifi ed by lumbar ra-
diographs in 4.4% of children 5 to 7 years of age.2,4 By 
18 years of age, 6% of the population has spondyloly-
sis2; few additional cases are thought to occur thereafter. 
Accordingly, the prevalence remains steady at 6% in ra-
diographic screening of adult spines.5

Spondylolysis most commonly occurs at the L5 verte-
bra, where about 90% of the cases are found. It is found 
with decreasing frequency at progressively higher lum-
bar levels.2,6,7 It is more common in males than in fe-
males (7.7% vs. 4.6%),6 can be unilateral or bilateral, 
and has a suspected genetic predisposition.2,8-10

The most likely cause of spondylolysis is a stress fracture 
of the pars that remains un-united.11 This is consistent 
with the higher incidence of spondylolysis suspected in 
adolescents and young adults who aggressively partici-
pate in sports requiring repetitive fl exion-extension 
movements, such as gymnastics,12-14 throwing sports,14

football,15 wrestling,16 dance,12 and swimming breast 
and butterfl y strokes.17 Further supporting an acquired 
stress fracture as the cause is the lack of spondylolysis in 

the lumbar spines of individuals who have never 
walked.18

Spondylolisthesis refers to displacement of a vertebral 
body in relation to the one below it. The most common 
type of spondylolisthesis, and the alignment abnormal-
ity implied when the term is used in this chapter, is an 
anterior displacement, also called anterolisthesis. Spon-
dylolisthesis can also occur in a posterior direction, 
called retrolisthesis, or laterally, called laterolisthesis. 
Spondylolisthesis is an abnormal fi nding. Whenever 
spondylolisthesis is present, it is pathognomonic of 
structural and functional failure of the neural arch and 
facet joints, which are responsible for maintaining nor-
mal vertebral alignment.

Spondylolisthesis is classifi ed by etiology and grade. 
The fi ve etiologic types are dysplastic, isthmic or spon-
dylolytic, degenerative, traumatic, and pathologic. 
Dysplastic spondylolisthesis results from congenital 
dysplasia of one or more facet joints. Isthmic or spon-
dylolytic spondylolisthesis (see Fig. 45-1) results from 
bilateral pars defects (bilateral spondylolysis). Degen-
erative spondylolisthesis results from degeneration of 
the facet joints and intervertebral discs (most com-
mon at L4-5 and with advancing age). Traumatic 
spondylolisthesis results from fractures of posterior 
elements other than the pars, such as facet joints, 
laminae, or pedicles. Pathologic spondylolisthesis re-
sults from pathologic changes in posterior elements 
due to malignant disease, infection, or primary bone 
disease.

The grade of spondylolisthesis is rated by the percentage 
of slippage of the posterior corner of the vertebral body 
above over the superior surface of the vertebral body be-
low. At least 5% slippage must be present for a diagnosis 
of spondylolisthesis to be conferred. Slippage can be fur-
ther categorized into fi ve grades. Grade I indicates slip-
page from 5% to 25%; grade II is 26% to 50%; grade III 
is 51% to 75%; grade IV is more than 75% (Fig. 45-2)19;
and grade V is complete dislocation of adjacent vertebrae, 
also called spondyloptosis. The majority of cases (60% to 
75%) are classifi ed as grade I; 20% to 38% are classifi ed 
as grade II; and less than 2% of all cases are graded III, IV, 
and V.5,6,20,21

Synonym
Slipped vertebra

ICD-9 Codes
738.4  Lumbar spondylolisthesis
756.11 Lumbar spondylolysis
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Spondylolisthesis is present in 50% to 75 % of children 
and adolescents at the time that spondylolysis is diag-
nosed9,22,23 and increases with age.20 After diagnosis, 
concern about the progression of spondylolisthesis is 
common, but prognostic factors are lacking.23 In gen-
eral, progression occurs before and during the early 
teenage years,2,24 and only minor progression occurs 
after skeletal maturity. Advancing age may lead to slight 

additional progression of spondylolytic spondylolisthe-
sis, which is usually attributed to progressive degenera-
tion of the disc and facet joints.20,25,26 Participation in 
competitive sports has not been found to infl uence the 
progression of spondylolisthesis.27

SYMPTOMS
Most people with spondylolysis or spondylolisthesis are 
asymptomatic. For the symptomatic minority, the most 
common complaint is low back pain, which can range 
from mild to severe.22 Back pain is frequently described 
as a dull, aching pain in the back, buttocks, and poste-
rior thigh, the characteristics of which are not distinct 
compared with other degenerative back disorders.2

For children, adolescents, and adults with established 
spondylolysis and spondylolisthesis, it is diffi cult to at-
tribute pain symptoms to these abnormalities. Most 
people with these fi ndings are asymptomatic, and the 
incidence of back pain in this population is generally 
similar to that in the population without spondylolysis 
and spondylolisthesis.2,6,8,10,28,29 In addition, the degree 
of spondylolisthesis is not associated with the preva-
lence of back pain,29 and no study has linked progres-
sion with pain symptoms. Disability because of back 
pain is no more prevalent in the population with spon-
dylolysis and spondylolisthesis than in the general pub-
lic.22,29 Therefore, patients with spondylolysis and spon-
dylolisthesis should be evaluated and treated like others 
with back pain, and health care providers should be 
cautious in attributing symptoms to these fi ndings.

Spondylolisthesis combined with disc degeneration 
may result in signifi cant narrowing of the neuroforam-
ina at the affected level. This can cause compression or 
irritation of the exiting nerve roots and results in radia-
tion of pain into the lower extremity and neurologic 
symptoms within the affected dermatome and myo-
tome. Because spondylolytic spondylolisthesis most 
commonly involves the L5-S1 level, the L5 nerve root is 
most often affected by this problem.

PHYSICAL EXAMINATION
The physical examination in spondylolysis and spondy-
lolisthesis has few specifi c or sensitive fi ndings. Painful 
trunk range of motion is often noted in children and 
adolescents with symptoms from acute spondylolysis. 
This is especially noted for trunk extension, as this mo-
tion shifts load to the posterior vertebral elements and 
thus through the region of the pars.30 Limited range of 
motion for trunk extension has been observed,21,31 and 
palpation of the back may reveal local tenderness at the 
lumbosacral junction, the level at which spondylolysis 
is most common.21 Unfortunately, these fi ndings are 
common to other spinal disorders and are not specifi c 
for spondylolysis.

Detection of spondylolisthesis on physical examination is 
diffi cult except in the rare cases of grade III or greater slips. 
Here, a “step-off” of the spinous processes can be seen or 

FIGURE 45-1. Spondylolysis of L5 with L5-S1 spondylolisthesis. (Re-
printed with permission from Herkowitz HN. The Lumbar Spine, 3rd ed. 
Philadelphia, Lippincott Williams & Wilkins, 2004:558.)
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FIGURE 45-2. Meyerding classifi cation of spondylolisthesis into grades 
based on the amount of slippage of the superior vertebral body on the 
vertebral body below. (Reprinted with permission from Herkowitz HN. 
The Lumbar Spine, 3rd ed. Philadelphia, Lippincott Williams & Wilkins, 
2004:560.)
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palpated at the level of the spondylolisthesis. In grade I 
and grade II spondylolisthesis, the step-off is much more 
diffi cult to detect and has never been shown to be a reli-
able fi nding. Neurologic defi cits and positive results of 
straight-leg raising tests are rarely found in cases of spon-
dylolisthesis, including cases with sciatica.21 When neuro-
logic defi cits are noted, they usually involve the L5 roots, 
which can become irritated within their neuroforam-
ina.21,32,33 Lumbar tenderness and restricted range of 
motion were noted in some cases of spondylolisthesis21

but are general signs present in most back disorders.

DIAGNOSTIC STUDIES
The lateral oblique radiograph may reveal the classic 
“collar on the Scottie dog” fi nding of spondylolysis 
(Fig. 45-3). This represents the bone defect between 
the inferior and superior articulating processes. The 
sensitivity of this approaches only 33% because the 
plane of the pars defect must be close to the plane of 
the radiographic image to be clearly visualized.34 The 
lateral radiograph reveals the presence and grade of 
spondylolisthesis.

Computed tomography is considered superior to mag-
netic resonance imaging for direct visualization of the 
pars interarticularis. Therefore, some advocate axial 
computed tomography as the test of choice for identify-
ing spondylolysis.35 If spondylolysis is suspected when 
computed tomography is ordered, scanning can be 
done by use of thin sections or reverse gantry angle to 
ensure optimal visualization of the pars.35 On axial 
views, pars defects can be diffi cult to identify because 

they can simulate the adjacent facet joints. However, 
they usually lack the regular cortical surfaces of the fac-
ets.36 It is also useful to try to identify an intact cortical 
ring for each vertebra, including the vertebral body, the 
pedicles, the pars, and the posterior neural arch. If the 
intact ring is not found in any of the cuts through the 
levels of the pedicles, a defect in the ring at the appro-
priate position suggests the diagnosis of spondylolysis37

(Fig. 45-4). Sagittal reconstruction images are often 
helpful for confi rming the presence of spondylolysis 
(Fig. 45-5).

Magnetic resonance imaging with fat saturation tech-
nique can identify subtle bone marrow edema of early 
stress injury to the pars.38 This provides greater detec-
tion sensitivity for early stress reactions or fractures in 
the pars that are not yet detectable by radiography or 
computed tomography.39 Magnetic resonance imaging 
is also useful for grading spondylolisthesis and for visu-
alizing the neuroforamina. As spondylolisthesis pro-
gresses, the neuroforamen becomes horizontally ori-
ented, and the exiting nerve root becomes situated 
between the pedicle above and the uncovered disc be-
low. With further narrowing because of disc degenera-
tion, the nerve root becomes increasingly entrapped 
within the foramen. This is well visualized on T2 sagit-
tal and axial images as the high fat signal that normally 
surrounds the nerve root becomes obliterated.32

Bone scintigraphy uses radioisotopes that accumulate in 
metabolically hyperactive bone to identify abnormal 
bone activity. In acute spondylolysis, the stress fracture 
usually results in increased metabolic bone activity as 
the fracture attempts to heal (Fig. 45-6). This is detected 

FIGURE 45-3. Spondylolysis defect of pars interarticularis of L5 noted on 
oblique radiograph.

FIGURE 45-4. Spondylolysis defect of L5 as seen on axial computed to-
mographic scan. Note the lack of a complete ring of vertebrae because of 
bilateral spondylolysis.
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early in the course of spondylolysis by the accumulation 
of radioisotope at the fracture site. Long-standing spon-
dylolysis with an established nonunion usually reveals 
no such increased radioisotope uptake.40 Single-photon 
emission computed tomography (SPECT) improves the 
localizing ability of bone scintigraphy. SPECT creates a 
series of slices through the target structure, permitting 
spatial separation of overlapping bone. Because of these 
abilities, SPECT imaging has established a place in the 
evaluation of adolescent athletes with back pain.41,42

TREATMENT
Acute Spondylolysis
A child or adolescent with acute symptomatic spondy-
lolysis, with or without spondylolisthesis, will com-
plain of pain. The fi rst step is always to determine the 
cause of pain symptoms through history taking, physi-
cal examination, and the judicious use of diagnostic 
studies as reviewed before.

In children or adolescents with acute symptomatic 
spondylolysis as suggested by bone scintigraphy, SPECT, 
or magnetic resonance imaging, attempts to induce or 
to aid healing are warranted. Rigid antilordotic thoraco-
lumbosacral orthosis bracing for 23 hours a day for a 
period of 6 months is advocated to reduce stress on the 
pars interarticularis, although this treatment has not 
been assessed in randomized controlled trials.43-45 Ac-
tivity modifi cation that allows modest physical activi-
ties while wearing the brace is usually recommended 
until symptoms subside, and physical therapy for trunk 
strengthening has been used. With this approach, symp-
toms improve in 75% of children, and many lytic de-
fects are noted to heal.43-45 A similar approach is advo-
cated in children and adolescents with concurrent 
spondylolisthesis. However, once spondylolisthesis is 
present, healing of the pars defect becomes improbable. 
In this situation, the goal is symptom reduction, and 
good results are observed in many patients.44,45 To date, 
there is no evidence to support bracing for the preven-
tion of slip progression. In cases of incidental fi ndings 
of spondylolisthesis, there is no need for treatment 
or restriction of activities, including aggressive sports 
participation.11,27,46

FIGURE 45-5. Spondylolysis of L5 as seen on sagittal reconstruction of 
computed tomographic image. Observe the continuity of bone from the 
pedicle of the L4 vertebra into the superior articular process (facet), then 
along the pars interarticularis to the inferior articular process. Now repeat 
this for L5 and note the defect in the pars interarticularis that separates 
the inferior articular process from the rest of the vertebra.

FIGURE 45-6. Bone scan of axial skeleton revealing increased radioac-
tive isotope uptake in pars interarticularis on both sides of neural arch of 
L4 vertebra.

Differential Diagnosis

Degenerative low back pain

Lumbar disc herniation

Discitis

Lumbar radiculopathy

Spinal stenosis (central versus neuroforaminal)

Vertebral fracture (by compression, tumor, infection)

Lumbar sprain or strain
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In adults with spondylolysis, with or without spondylo-
listhesis, back pain complaints are treated like other 
nonspecifi c back pain disorders. This includes education, 
analgesics, nonsteroidal anti-infl ammatory drugs,47-49

exercise, avoidance of bed rest, and rapid return to activ-
ities.50-52

Rehabilitation
Exercise has received some study as a treatment of spon-
dylolysis and spondylolisthesis. One study has advo-
cated fl exion over extension exercises,53 although meth-
odologic shortcomings limit the strength of these 
recommendations. A spinal stabilization exercise pro-
gram was found to be superior to uncontrolled treat-
ment at short- and long-term follow-up.54 Aggressive 
physical therapy programs for those with back pain, 
spondylolysis, or spondylolisthesis have been shown to 
provide signifi cant short-term benefi t in terms of fl exi-
bility, strength, endurance, pain tolerance, and level of 
disability. This type of program consists of stretching 
and high-intensity, progressively resistive training per-
formed in a non-pain-contingent manner.55,56 Stretch-
ing targets the hip fl exors, hamstrings, quadriceps, and 
gastrocnemius-soleus muscles. Strengthening targets the 
abdominals and the various back muscles. Modalities, 
including ultrasound and electrical stimulation, have 
not been shown to improve symptoms and are gener-
ally of limited value.

Procedures
Various types of spinal injections are performed with use 
of fl uoroscopy to ensure proper needle placement. Anes-
thetic agents may be used for short-term pain relief, usu-
ally for diagnostic purposes. Injection of steroids may be 
tried for longer term therapeutic purposes in adults with 
symptomatic spondylolysis or spondylolisthesis. For ra-
dicular pain, epidural injections may be used if the site 
of nerve root compression lies within the spinal canal, 
whereas selective nerve root blocks may be used if com-
pression lies within the transforaminal space. For axial 
pain, facet injections may be used if the facet joints 
themselves are thought to be the source of pain.

Surgery
Surgery is indicated in cases of spondylolisthesis caus-
ing progressive neurologic defi cit; cauda equina com-
pression with leg weakness, sensory loss, or bladder or 
bowel incontinence; and persistent and severe back and 
leg pain despite aggressive conservative treatment. Sur-
gery usually includes lumbar spinal decompression of 
the affected nerve roots and fusion of the spondylolis-
thesis. Results are generally favorable.57

POTENTIAL DISEASE COMPLICATIONS
Most cases of spondylolysis and spondylolisthesis are 
asymptomatic and remain that way.58 The intervertebral 
disc and facet degeneration that occurs naturally with age 

is accelerated in the presence of spondylolysis. Because of 
this, spondylolytic spondylolisthesis can progress and 
result in nerve root compression or spinal stenosis.59

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory drugs can cause gastric 
bleeding and renal and hepatic toxicity. Acetamino-
phen, in large amounts, can cause hepatic toxicity. Nar-
cotic analgesics are potentially addictive, and because 
studies of the low back pain population have not found 
signifi cant differences between narcotics and nonsteroi-
dal anti-infl ammatory drugs in terms of pain relief, ex-
treme caution should be used beyond the short term.60-62

Exercise can irritate spinal tissue already infl amed. Spi-
nal injections may result in a temporary increase in 
pain, spinal headache, infection, nerve root damage, or 
spinal cord damage. Surgical decompression or fusion 
can lead to infection, failed fusion, persistent back pain, 
nerve root damage, or spinal cord damage.

References
 1.  Lonstein JE. Spondylolisthesis in children. Cause, natural history, 

and management. Spine 1999;24:2640-2648.
 2.  Fredrickson BE, Baker D, McHolick WJ, et al. The natural history 

of spondylolysis and spondylolisthesis. J Bone Joint Surg Am 
1984;66:699-707.

 3.  Wertzberger KL, Peterson HA. Acquired spondylolysis and spon-
dylolisthesis in the young child. Spine 1980;5:437-442.

 4.  Baker DR, McHolick WJ. Spondylolysis and spondylolisthesis in 
children. J Bone Joint Surg Am 1956;38:933-934.

 5.  Virta L, Rönnemaa T, Österman K, et al. Prevalence of isthmic 
lumbar spondylolisthesis in middle-aged subjects from eastern 
and western Finland. J Clin Epidemiol 1992;45:917-922.

 6.  Österman K, Schlenzka D, Poussa M, et al. Isthmic spondylolis-
thesis in symptomatic and asymptomatic subjects, epidemiology, 
and natural history with special reference to disk abnormalities 
and mode of treatment. Clin Orthop Relat Res 1993;297:65-70.

 7.  Rothman SL, Glenn WV. CT multiplanar reconstruction in 253 
cases of lumbar spondylolysis. Am J Neuroradiol 1984;5:81-90.

 8.  Albanese M, Pizzutillo PD. Family study of spondylolysis and 
spondylolisthesis. J Pediatr Orthop 1982;4:495-499.

 9.  Shahriaree H, Sajadi KM, Rooholamini SA. A family with spondy-
lolisthesis. J Bone Joint Surg Am 1979;61:1256-1258.

10. Wynne-Davies R, Scott JHS. Inheritance and spondylolysis. J Bone 
Joint Surg Br 1979;61:301-305.

 11. Wiltse LL, Widell EH, Jackson DW. Fatigue fracture: the basic lesion 
in isthmic spondylolisthesis. J Bone Joint Surg Am 1975;57:17-22.

12. Hutchinson MR. Low back pain in elite rhythmic gymnasts. Med 
Sci Sports Exerc 1999;31:1686-1688.

13. Jackson DW, Wiltse LL, Cirincoine RJ. Spondylolysis in the female 
gymnast. Clin Orthop 1976;117:68-73.

14. Soler T, Calderon C. The prevalence of spondylolysis in the Spanish 
elite athletes. Am J Sports Med 2000;28:57-61.

15. McCarroll JR, Miller JM, Ritter MA. Lumbar spondylolysis and 
spondylolisthesis in college football players. A prospective study. 
Am J Sports Med 1986;14:404-406.

16. Granhed H, Morelli B. Low back pain among retired wrestlers and 
heavyweight lifters. Am J Sports Med 1988;16:530-533.

17. Nyska M, Constantini N, Cale-Benzoor M. Spondylolysis as a 
cause of low back pain in swimmers. Int J Sports Med 2000;21:
3775-3779.

18. Rosenberg NJ, Bargar WL, Friedman B. The incidence of spondy-
lolysis and spondylolisthesis in nonambulatory patients. Spine 
1981;6:35-38.

Ch45_253-258-X4007.indd 257Ch45_253-258-X4007.indd   257 3/17/08 6:11:05 PM3/17/08   6:11:05 PM



258 M U S C U L O S K E L E T A L  D I S O R D E R S :  M I D  B A C K

19. Meyerding HW. Spondylolisthesis. Surg Gynecol Obstet 1932;54:
371-377.

20. Ishida Y, Ohmori K, Inoue H, et al. Delayed vertebral slip and 
adjacent disc degeneration in isthmic defect of the fi fth lumbar 
vertebra. J Bone Joint Surg Br 1999;81:240-244.

 21. Möller H, Hedlund R. Surgery versus conservative management in 
adult isthmic spondylolisthesis—a prospective randomized study: 
part I. Spine 2000;25:1711-1715.

22. Frennered AK, Danielson BI, Nachemson AL. Natural history of 
symptomatic isthmic low-grade spondylolisthesis in children 
and adolescents: a seven-year follow-up study. J Pediatr Orthop 
1991;11:209-213.

23. Danielson BI, Frennered AK, Irstam LKH. Radiologic progression 
of isthmus lumbar spondylolisthesis in young patients. Spine 
1991;16:422-425.

24. Seitsalo S, Österman K, Hyvarinen H, et al. Progression of spon-
dylolisthesis in children and adolescents: a long-term follow-up 
of 272 patients. Spine 1991;16:417-421.

25. Ikata T, Miyake R, Katoh S, et al. Pathogenesis of sports-related 
spondylolisthesis in adolescents: radiographic and magnetic reso-
nance imaging study. Am J Sports Med 1996;24:94-98.

26. Fredrickson BE, Baker D, Murtland AM, et al. The natural history 
of spondylolysis and spondylolisthesis: 45-year follow-up. Pre-
sented at the 15th annual meeting of the North American Spine 
Society; New Orleans, La; October 26, 2000.

27. Muschik M, Hahnel H, Robinson PN. Competitive sports and the 
progression of spondylolysis. J Pediatr Orthop 1996;16:364-369.

28. Congeni J, McCulloch J, Swanson K. Lumbar spondylolysis: a 
study of natural progression in athletes. Am J Sports Med 1997;25:
248-253.

29. Virta L, Rönnemaa T. The association of mild-moderate isthmic 
lumbar spondylolisthesis and low back pain in middle-age patients 
is weak and it only occurs in women. Spine 1993;18:1496-1503.

30. Yamane T, Yosida T, Mimatsu K. Early diagnosis of lumbar spon-
dylolysis by MRI. J Bone Joint Surg Br 1993;75:764-768.

 31. McGregor AH, Cattermole HR, Hughes SPF. Global spinal mo-
tion in subjects with lumbar spondylolysis and spondylolisthesis: 
does the grade or type of slip affect global spinal motion? Spine 
2001;26:282-286.

32. Jinkins JR, Rauch A. Magnetic resonance imaging of entrapment 
of lumbar nerve roots in spondylolytic spondylolisthesis. J Bone 
Joint Surg Am 1994;76:1643-1648.

33. Jinkins JR, Matthews JC, Sener RN, et al. Spondylolysis, spondy-
lolisthesis, and associated nerve entrapment in the lumbosacral 
spine: MR evaluation. Am J Roentgenol 1992;159:799-803.

34. Saifuddin A, White J, Tucker S. Orientation of lumbar pars defects: 
implications for radiological detection and surgical management. 
J Bone Joint Surg Br 1998;80:208-211.

35. Harvey CJ, Richenberg JL, Saifuddin A. The radiological investiga-
tion of lumbar spondylolysis. Clin Radiol 1998;53:723-728.

36. Grogan JP, Hemminghytt S, Williams AL, et al. Spondylolysis stud-
ied with computer tomography. Radiology 1982;145:737-742.

37. Langston JW, Gavant ML. Incomplete ring sign: a simple meth-
od for CT detection of spondylolysis. J Comput Assist Tomogr 
1985;9:728-729.

38. Sauryo K, Katoh S, Takata Y, et al. MRI signal changes of the ped-
icle as an indicator for early diagnosis of spondylolysis in chil-
dren and adolescents; a clinical and biomechanical study. Spine 
2006;31:206-211.

39. Hollenberg GM, Beatie PF, Meyers SP, et al. Stress reaction of the 
lumbar pars interarticularis: the development of a new MRI clas-
sifi cation system. Spine 2002;27:181-186.

40. Lowe J, Schachner E, Hirschberg E, et al. Signifi cance of bone scin-
tigraphy in symptomatic spondylolysis. Spine 1984;9:653-655.

41. Bellar RD, Summerville DA, Treves ST, et al. Low-back pain in 
adolescent athletes: detection of stress injuries to the pars interar-
ticularis with SPECT. Radiology 1991;180:509-512.

42. Itol K, Hashimoto T, Shigenobu K. Bone SPECT of symptomatic 
lumbar spondylolysis. Nucl Med Commun 1996;17:389-396.

43. Morita T, Ikata T, Katoh S, et al. Lumbar spondylolysis in children 
and adolescents. J Bone Joint Surg Br 1995;81:620-625.

44. Blanda J, Bethem D, Moats W, et al. Defect of pars interarticularis 
in athletes: a protocol for nonoperative treatment. J Spinal Disord 
1993;6:406-411.

45. Steiner ME, Micheli LJ. Treatment of symptomatic spondyloly-
sis and spondylolisthesis with the modifi ed Boston brace. Spine 
1985;10:937-942.

46. Semon RL, Spengler D. Signifi cance of lumbar spondylolysis in 
college football players. Spine 1981;6:172-174.

47. Postacchini F, Facchini M, Palieri P. Effi cacy of various forms of 
conservative treatment in low back pain: a comparative study. 
Neuroorthopedics 1988;6:28-35.

48. Amlie E, Weber H, Holme I. Treatment of acute low-back pain 
with piroxicam: results of a double-blind placebo-controlled trial. 
Spine 1987;12:473-476.

49. Berry H, Bloom B, Hamilton EBD, et al. Naproxen sodium, di-
fl unisal, and placebo in the treatment of chronic back pain. Ann 
Rheum Dis 1983;41:129-132.

50. Deyo RA, Diehl AK, Rosenthal M. How many days of bed rest for 
acute low back pain? A randomized clinical trial. N Engl J Med 
1986;315:1064-1070.

 51. Gilbert JR, Taylor DW, Hildebrand A, Evans C. Clinical trial of 
common treatments for low back pain in family practice. Br Med 
J (Clin Res Ed) 1985;291:791-794.

52. Malmivaara A, Hakkinen U, Aro T, et al. The treatment of acute 
low back pain—bed rest, exercises or ordinary activity? N Engl J 
Med 1995;332:351-355.

53. Sinaki M, Lutness MP, Ilstrup DM, et al. Lumbar spondylolisthesis: 
retrospective comparison and three-year follow-up of two conserva-
tive treatment programs. Arch Phys Med Rehabil 1989;70:594-598.

54. O’Sullivan PB, Twoney LT, Allison GT. Evaluation of specifi c stabi-
lizing exercise in the treatment of chronic low back pain with ra-
diologic diagnosis of spondylolysis and spondylolisthesis. Spine 
1997;22:2959-2967.

55. Rainville J, Mazzaferro R. Evaluation of outcomes of aggressive 
spine rehabilitation in patients with back pain and sciatica from 
previously diagnosed spondylolysis and spondylolisthesis. Arch 
Phys Med Rehabil 2001;82:1309.

56. Rainville J, Sobel J, Hartigan C, et al. The effect of compensa-
tion involvement on the reporting of pain and disability by sub-
jects referred for rehabilitation of chronic low back pain. Spine 
1997;22:2016-2024.

57. Jacobs WC, Vreeling A, De Kleuver M. Fusion for low-grade adult 
isthmic spondylolisthesis: a systematic review of the literature. 
Eur Spine J 2006;15:391-402.

58. Torgerson WR, Dotter WE. Comparative roentgenographic study 
of the asymptomatic and symptomatic lumbar spine. J Bone Joint 
Surg Am 1976;58:850-853.

59. Floman Y. Progression of lumbosacral spondylolisthesis in adults. 
Spine 2000;25:342-347.

60. Brown FL, Bodison S, Dixon J, et al. Comparison of difl unisal and 
acetaminophen with codeine in the treatment of initial or recur-
rent acute low back strain. Clin Ther 1986;9(Suppl C):52-58.

61. Muncie HL, King DE, DeForge B. Treatment of mild to moderate 
pain of acute soft tissue injury: difl unisal vs acetaminophen with 
codeine. J Fam Pract 1986;23:125-127.

62. Wiesel SW, Cuckler JM, Deluca F, et al. Acute low-back pain: an 
objective analysis of conservative therapy. Spine 1980;5:324-330.

Ch45_253-258-X4007.indd 258Ch45_253-258-X4007.indd   258 3/17/08 6:11:05 PM3/17/08   6:11:05 PM



M U S C U L O S K E L E T A L  D I S O R D E R S :  M I D  B A C K

Lumbar Spinal Stenosis 46
Zacharia Isaac, MD, and David Wang, DO

259

DEFINITION
Lumbar spinal stenosis is classically defi ned as narrow-
ing of the spinal canal, nerve root canals, or tunnels of 
the intervertebral foramina at the lumbar level.1 How-
ever, a signifi cant portion of the general population may 
have anatomic spinal stenosis without symptoms. Nu-
merous imaging studies have indicated that 20% to 
25% of asymptomatic people older than 40 years have 
signifi cant narrowing of the lumbar spinal canal.2-4 This 
stenosis causes symptoms only when there is suffi cient 
impingement on neural structures, including the cauda 
equina or exiting nerve roots. Therefore, spinal stenosis 
as a clinical entity is considered signifi cant only if it re-
sults in symptomatic pain and compromised function.

The signifi cant anatomic elements of the lumbosacral 
spine include the fi ve lumbar vertebrae L1 to L5, the 
sacrum, the intervertebral discs, the ligamentum fl a-
vum, the zygapophyseal joints, the lumbar spinal nerve 
rootlets, the spinal nerve roots, and the cauda equina 
(Fig. 46-1).

Various schemes for classifi cation of spinal stenosis 
have been devised and are listed in Table 46-1.

Congenital lumbar spinal stenosis is uncommon, repre-
senting 9% of cases5; symptoms fi rst appear in patients 
during their 30s. Achondroplastic dwarves often de-
velop stenosis secondary to hypoplasia of the pedicles.6,7

Acromegaly may cause spinal stenosis by enlargement 
of the synovium and cartilage, which results in de-
creased cross-sectional area of the canal. Symptomatic 
spinal stenosis secondary to purely isolated congenital 
causes is rare. More commonly, patients will have a 

combination of congenital and acquired stenosis; a de-
velopmentally smaller canal predisposes them to symp-
toms once acquired changes occur to the surrounding 
anatomy. Developmental factors that lead to a small 
canal include statistically signifi cantly shorter pedicles8

and a trefoil-shaped canal.9,10

The acquired types of spinal stenosis are numerous, but 
degenerative is the most common. The fi rst stage in the 
degenerative process is generally degradation of the hy-
drophilic proteoglycans within the intervertebral disc, 
attendant disc desiccation, and loss of disc height. This 
causes a shift of load onto the posterior structures of the 
canal, in particular the facet joints, which normally pro-
vide 3% to 25% of the support during axial loading but 
may bear up to 47% with degeneration of the disc.11 As 
the facets bear more of the burden, they undergo degen-
eration, one aspect of which is osteophyte formation.10

This further diminishes the cross-sectional area of the 
canal and can also result in stenosis of the neural foram-
ina (termed foraminal stenosis). The ligamentum fl a-
vum also undergoes degenerative hypertrophic change 
as well as buckling with decreased intervertebral disc 
height, leading to further encroachment of the canal. 
Epidural fat may also contribute to reduced canal space 
in some patients.12 Patients with acquired lumbar spi-
nal stenosis usually develop symptoms during their 50s 
and 60s.

Spinal stenosis can be differentiated by anatomic loca-
tion, including central canal, lateral recess, foraminal, 
and extraforaminal (Table 46-2). Additional subcatego-
rization includes division of the lateral canal into three 
regions: entrance zone, mid-zone, and exit zone.13

Canal Measurements
The normal adult central canal has a midsagittal diam-
eter of at least 13 mm.14 Relative stenosis is defi ned as a 
canal diameter between 10 and 13 mm; patients may or 
may not be symptomatic. Absolute stenosis occurs at a 
diameter of less than 10 mm, and patients are usually 
symptomatic.15 Extraforaminal nerve root compression 
can occur with disc herniation, degenerative scoliosis, 
or isthmic spondylolisthesis. Far-out syndrome, de-
scribed by Wiltse and colleagues,16 involves L5 root 

Synonyms
Pseudoclaudication
Neurogenic claudication
Spinal claudication
Low back pain

ICD-9 Code
724.02 Spinal stenosis, lumbar region
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impingement between the L5 transverse process and 
sacral ala in patients with spondylolisthesis. Extension 
of the spine can reduce foraminal cross-sectional area 
by 20%17 and central canal volume by up to 67%.18

Finally, spinal stenosis has been categorized according 
to the patient’s presenting pain syndrome of mechani-
cal back pain, radicular pain, or neurogenic claudica-
tion.19 The symptomatic pain pattern can be an indica-
tion of the anatomic and pathophysiologic mechanism 
of the patient’s particular case of spinal stenosis.

SYMPTOMS
Symptomatic lumbar spinal stenosis may result in both 
back pain (from axial components, such as facet degen-
eration) and leg pain (from radicular components of 
nerve root compression both central and lateral). Leg 

pain is often greater than back pain, and depending on 
which nerve roots are impinged, leg pain can be unilat-
eral or bilateral and monoradicular or polyradicular. 
Patients with acquired, degenerative lumbar spinal ste-
nosis tend to have a history of chronic low back pain 
and develop leg pain later in their course. In a study of 
100 patients with lumbar spinal stenosis, back pain had 
been present for an average of 14 years and leg pain for 
an average of 2 years.20 The classic symptom of lumbar 
spinal stenosis is neurogenic claudication, also known 
as pseudoclaudication, which typically presents as but-
tock, thigh, and calf pain exacerbated with walking, 
standing, or lumbar extension and alleviated with sit-
ting, lying, or lumbar fl exion. Symptoms also commonly 
involve cramping, numbness, tingling, heaviness, and 
spasms. Because the spinal canal and neuroforamina 
widen with fl exion and become narrower with exten-
sion, pain often improves with squatting and walking 
tolerance increases with a fl exed posture, such as while 
walking uphill or on an inclined treadmill or while 
pushing a shopping cart. Neurogenic claudication was 
found in one study to have a sensitivity of 63% and a 
specifi city of 71% compared with a combination of 
clinical, radiologic, and imaging test fi ndings.21

Symptoms that have been reported to have high sensi-
tivity for lumbar spinal stenosis are as follows: best 
posture with regard to symptoms is sitting (89%),22

worst posture with regard to symptoms is standing or 
walking (89%),22 pain below buttocks (88%),23 pain in 
legs worsened by walking and relieved by sitting (81%),22

radiating leg pain (81%),21 and age older than 65 years 
(77%).23 Symptoms with high specifi city for lumbar 
spinal stenosis include no pain when seated (93%) and 
symptoms improved when seated (83%).23

PHYSICAL EXAMINATION
Unlike the history, no physical examination fi ndings 
are considered classic for lumbar spinal stenosis. Ab-
normal fi ndings in lumbar spinal stenosis are similar 
to those in other disorders that cause peripheral neu-
rologic defi cits, but they are often not present. In the 
study by Amundsen and colleagues,20 abnormal fi nd-
ings within the 100-subject cohort included sensory 
dysfunction (51%), diminished deep tendon refl exes 
(47%), positive Lasègue test result (24%), and leg 
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Cauda equina
nerve roots
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FIGURE 46-1. Normal anatomic structures of the lumbar spine at the 
third through the fi fth lumbar levels. Note the close association between 
the nerve roots and the dural tube, the ligamentum fl avum, the facet 
joints, the pedicles, and the lamina. The ligamentum fl avum (interlaminar 
ligament) attaches laterally to the facet capsules.

TABLE 46-1 Etiologic Classifi cation of Spinal Stenosis

Congenital
Achondroplastic

Acromegaly

Acquired

Degenerative

Post-traumatic

Spondylolytic (isthmic spondylolisthesis)

Iatrogenic

Metabolic (Paget disease, chlorosis, fl uorosis, diffuse interstitial 
skeletal hypertrophy, pseudogout, oxalosis)

Combined congenital and acquired

TABLE 46-2 Anatomic Classifi cation of Spinal Stenosis

Central canal

Lateral canal

 Entrance zone (lateral recess)

 Mid-zone (underneath pars interarticularis and pedicle)

Exit zone (intervertebral foramen)

Foraminal

Extraforaminal
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weakness (23%), among others. As such, the physical 
examination tends to have higher specifi city for 
lumbar spinal stenosis than the history does, whereas 
the patient’s history has higher sensitivity. Physical 
and functional fi ndings with high sensitivity include 
longer recovery time after level versus inclined tread-
mill walking (82%)22 and no pain with lumbar fl ex-
ion (79%).23 Highly specifi c aspects of examination 
and testing include improved walking tolerance on 
inclined versus level treadmill (92%), earlier onset 
of symptoms on level versus inclined treadmill 
(83%),22 absent Achilles refl ex (78%), lower extremity 
weakness (78%), pinprick or vibration defi cit (>75%), 
wide-based gait (>75%), and presence of Romberg 
sign (>75%).23

FUNCTIONAL LIMITATIONS
Worsening leg and back pain from walking, back 
extension, and prolonged standing is the primary 
contributor to activity limitation. As such, patients 
with lumbar spinal stenosis tend to have diffi culties 
with walking long distances, going down stairs, and 
household or yard work (e.g., dishwashing, lawn 
mowing, and vacuuming)24 as well as with tasks that 
require overhead work (which may induce spinal ex-
tension). Balance defi cits from sensory defi cits may 
increase fall risk.

DIAGNOSTIC STUDIES
Diagnostic studies can provide useful information on 
structural and neurologic changes associated with spi-
nal stenosis, but they must be interpreted in the con-
text of the patient’s clinical presentation. Several stud-
ies have demonstrated that there is no correlation 
between radiologic fi ndings and clinical or functional 
outcomes.25-27 However, another study found that se-
verity of lumbar spinal stenosis as measured on func-
tional myelography predicted long-term disability in-
dependent of therapeutic intervention.28 The various 
qualities of the diagnostic tests are summarized in 
Table 46-3.

TREATMENT
Initial
There is an overall lack of high-quality prospective con-
trolled studies examining the effi cacy of various nonin-
vasive treatments of lumbar spinal stenosis. Moreover, 
many of the existing recommendations are in regard to 
back pain in general, without differentiation of pain as-
sociated specifi cally with lumbar spinal stenosis. There-
fore, much of clinical practice is based on extrapolation 
of recommendations, anecdotal experience, and expert 
opinion.

The oral analgesics used in lumbar spinal stenosis are 
acetaminophen, nonsteroidal anti-infl ammatory drugs, 
muscle relaxants, anti-neuropathic pain medications in-

cluding anticonvulsants and antidepressants, tramadol, 
and opioids. However, a number of systematic reviews 
have evaluated the use of pain medications in nonspe-
cifi c low back pain. The review by Mens36 stated that 
acetaminophen, nonsteroidal anti-infl ammatory drugs, 
and mild opioids are potential fi rst-line drugs, but there 
is no evidence that one is more effective than another. 
Non-benzodiazepine muscle relaxants were listed as 
second-line drugs for acute low back pain. The effi cacy 
of these medications for the treatment of symptomatic 
lumbar spinal stenosis is still unclear, and the sedating 
quality of these medications poses an increased risk of 
adverse events in elderly patients. Antidepressants with 
mixed-receptor or predominantly noradrenergic activity, 
including tricyclics, bupropion, venlafaxine, and dulox-
etine, are somewhat effective.37 First-generation (e.g., 
carbamazepine and phenytoin) and second-generation 
(e.g., gabapentin and pregabalin) antiepileptic drugs are 
also somewhat effective.

Differential Diagnosis

Lumbar spondylosis without spinal stenosis

Cervical and thoracic spinal stenosis

Herniated nucleus pulposus

Lumbar facet syndrome

Vertebral fracture with signifi cant deformity or retro-
pulsed fragments

Peripheral vascular disease

Venous claudication after thrombosis

Myxedema claudication

Inferior vena caval obstruction

Sacroiliac dysfunction

Osteoarthritis of the hips and knees

Trochanteric bursitis

Anterior tibial compartment syndrome

Spinal tumors

Conus medullaris and cauda equina neoplasms

Neurofi bromas, ependymomas, hemangioblastomas, 
dermoids, epidermoids, lipomas

Metastatic spread of tumor

Peripheral neuropathy

Peripheral nerve entrapment

Restless legs syndrome

Stroke

Myofascial pain syndrome

Epidural abscess

Infl ammatory arachnoiditis
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Rehabilitation
To our knowledge, there are no randomized controlled 
trials evaluating the effectiveness of physical or manual 
therapies in treating patients specifi cally with lumbar 
spinal stenosis. General recommendations include rela-
tive rest (avoidance of pain-exacerbating activities while 
staying active to minimize deconditioning) and a fl ex-
ion-biased exercise program, including inclined tread-
mill and exercise bicycle. Flexion biasing increases the 
cross-sectional area of the spinal canal compared with 
exercises performed in neutral or extension, thereby 
maximizing activity tolerance.38 Whitman and associ-

ates24 reported a case series of three patients who dem-
onstrated signifi cant improvements in pain and func-
tion at 18 months after undergoing specialized physical 
therapy programs that included spinal manipulation, 
fl exion and rotation spine mobilization exercises, hip 
joint mobilization, hip fl exor stretching, muscle retrain-
ing (lower abdominal, gluteal, and calf muscles), body 
weight-supported ambulation, and daily walking with 
properly prescribed orthotics. Body weight-supported 
ambulation acts to decrease the axial loading of the 
spine to increase the cross-sectional area of the neural 
foramina, and studies have provided some support of 

TABLE 46-3 Comparison of Various Diagnostic Tests for Lumbar Spinal Stenosis

Imaging Method Pertinent Findings Advantages Disadvantages Accuracy

Plain radiography Anteroposterior view: narrow interpedic-
ular distance (normally 23-30 mm)20

Lateral view: decreased canal width
Ferguson view: far-out syndrome19

Facet degeneration, cyst formation
Ligamentum fl avum ossifi cation
Intervertebral disc space narrowing
Vertebral body end plate osteophyte

Inexpensive
Easy to obtain
Can rule out 

gross bone 
disease

Poor soft tissue 
visualization

Sensitivity 66% and 
specifi city 93% 
compared with 
plain CT as 
reference19

Plain myelography Ventral extradural defects: caused by 
disc protrusions and vertebral end 
plate osteophytes

Lateral or posterior extradural defects: 
caused by facet osteophytes

Hourglass constriction: indicates central 
stenosis

Shows sagittal 
plane

Invasive
May need several dye in-

jections for high-grade 
stenosis

Limited view of foramen
Contraindicated in patients 

with contrast allergy, al-
coholism, seizures, phe-
nothiazine intake19

71.8% correlation 
with surgical 
fi ndings29

Sensitivity 54%-100%, 
equivocal compared 
with CT or MRI

Specifi city slightly 
higher than that of 
CT or MRI

Plain computed to-
mography (CT)

Fat plane obliteration at exiting root
Canal shape (trefoil vs. round or ovoid)
Pedicle length-direct measurement

Relatively inex-
pensive

Axial view
Superior bone 

detail

Poor soft tissue 
visualization

Higher radiation exposure 
vs. other imaging 
techniques

83% correlation with 
surgical fi ndings29

Sensitivity 74%-100%

Computed 
tomographic 
myelography

As above
Useful in degenerative scoliosis or 

history of prior instrumentation

Visualization of 
central and 
lateral canals

Invasive
Higher radiation exposure 

vs. other imaging 
techniques

Sensitivity 87%30

Comparable with MRI

Magnetic reso-
nance imaging 
(MRI)

Disc degeneration: dark on T2
Annular tears: bright on T2
Stenosis and herniations in central and 

foraminal zones well visualized
Evaluation of spine and spinal cord 

tumors

Noninvasive
Shows sagittal 

plane
Good soft tissue 

visualization

Interference from ferro-
magnetic implants

Limitations on patient’s 
body size, need to lie 
still, claustrophobia

Expensive and time-
consuming

83% correlation with 
surgical fi ndings29

Sensitivity 77%-87%
Three-dimensional 

magnetic reso-
nance myelography 
sensitivity 100%

As accurate as CT 
myelography32

Electrodiagnostics Bilateral multilevel lumbosacral radicu-
lopathy is most common diagnosis

Paraspinal mapping EMG score>433

Tibial F wave and soleus H refl ex 
latencies after exercise34,35

Can evaluate for 
peripheral 
neuropathy and 
entrapments as 
well as progres-
sion of neuro-
logicimpairment

Can rule out other 
neuromuscular 
disease

Signifi cant interpretation 
bias

May be diffi cult to differ-
entiate lumbar spinal 
stenosis from other 
multiroot diseases 
(e.g., arachnoiditis)

Patient discomfort or pain
Expensive and time-

consuming

Abnormal study in 
78%-97% of pa-
tients with stenosis

Paraspinal mapping 
EMG score>4: 
specifi city 100% 
and sensitivity 30%
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this strategy.24,39 Physical modalities such as cold or hot 
packs, ultrasound, iontophoresis, and transcutaneous 
electrical nerve stimulation may be helpful, but data of 
clinical effi cacy are lacking.40 Physicians and therapists 
must be aware of any medical comorbidities, such as 
cardiovascular and pulmonary disease, osteoporosis, 
cognitive defi cits, and other musculoskeletal or neuro-
muscular conditions, that may have an impact on ther-
apy tolerance.

Procedures
Recommendations for the use of nonsurgical interven-
tional procedures in the symptomatic control of lumbar 
spinal stenosis, particularly fl uoroscopically guided epi-
dural steroid injections, are somewhat controversial. A 
systematic review by Abdi and colleagues41 concluded 
that for interlaminar, transforaminal, and caudal epidu-
ral steroid injections, there is strong evidence for short-
term relief and limited to moderate evidence for long-
term relief of lumbar radicular pain. A number of 
studies have cited short-term success rates of 71% to 
80%42,43 and long-term success rates of 32% to 75%.42,44

Furthermore, symptomatic management with epidural 
steroid injections may delay surgery an average of 13 to 
28 months.45,46 In general, epidural steroid injections 
can be considered a safe and reasonable therapeutic op-
tion for symptomatic management before surgical inter-
vention is pursued.

Surgery
Patients with persistent symptoms despite conservative 
measures may benefi t from surgical treatment. There are 
no universally accepted indications for and contraindi-
cations to surgery. A key feature in the selection of pa-
tients is ensuring that the symptoms indeed arise from 
nerve root compression. Surgery generally consists of 
decompressive laminectomy with medial facetectomy. 
The decompression relieves central canal stenosis; the 
medial facetectomy and attendant dissection along the 
lateral recesses decompress areas of foraminal stenosis.

The Maine Lumbar Spine Study47 prospectively exam-
ined the outcome of initial surgical versus nonsurgical 
treatment in 148 patients at 1, 4, and 8 to 10 years. Rates 
of improvement in predominant symptom, low back 
pain, and leg pain at 1 year ranged from 77% to 79% in 
the surgery group and 42% to 45% in the nonsurgical 
group. At 8- to 10-year follow-up, the rates dropped to 
53% to 67% in the surgery group and remained essen-
tially stable at 41% to 50% in the nonsurgical group. As 
such, the benefi ts from surgery diminished over time, 
although improvements in leg pain and back-related 
functional status were maintained. A time-dependent 
decrease in benefi t among older patients was evident in 
another study by Yamashita and colleagues.48 In pa-
tients requiring surgery, earlier intervention is associ-
ated with improved long-term outcomes.47,49

Two key controversies in the surgical management of 
lumbar spinal stenosis are the appropriate role for a 
concomitant arthrodesis (lumbar fusion) and the utility 

of instrumentation. A comprehensive multipart system-
atic review by Resnick and colleagues50,51 concluded that 
the literature consistently supports the addition of ar-
throdesis, particularly posterior lumbar fusion, to de-
compression surgery only in patients with lumbar spi-
nal stenosis secondary to spondylolisthesis.

POTENTIAL DISEASE COMPLICATIONS
The natural history of lumbar spinal stenosis is not well 
understood, but existing literature seems to indicate 
that the majority of cases do not lead to signifi cant de-
terioration. Johnsson and coworkers52 examined the 
symptomatic and functional outcomes of 19 patients 
with moderate stenosis who did not undergo surgery. 
Average follow-up was 31 months, at which time 26% 
were worse, 32% unchanged, and 42% improved. An-
other study by Johnsson and colleagues53 observed 32 
patients with spinal stenosis who did not receive treat-
ment, 75% of whom had neurogenic claudication. At a 
mean follow-up period of 49 months, 70% were un-
changed, 15% were worse, and 15% were better. In pa-
tients with worsening symptomatic stenosis, there may 
be a progressive increase in back or leg pain and a de-
crease in walking tolerance. Severe stenosis may lead to 
a neurogenic bladder, especially in patients with nar-
rowed dural sac anteroposterior diameter.54 Cauda 
equina syndrome is a rare but serious complication,55,56

in which case emergent surgical decompression is gen-
erally required.

POTENTIAL TREATMENT 
COMPLICATIONS
Exacerbation of symptoms is possible, particularly with 
functional restoration programs that may attempt to 
condition patients to painful activities through safe rep-
etition of pain-inducing motions. In addition, patients 
with signifi cant comorbidities, such as cardiopulmo-
nary disease, are at risk for activity-induced adverse 
events. Complications from medication use include 
liver toxicity with acetaminophen; gastritis, gastrointes-
tinal bleeds, renal toxicity, and platelet inhibition with 
nonsteroidal anti-infl ammatory drugs; increased risk of 
cardiovascular events with some cyclooxygenase 2 
(COX-2) inhibitors; nausea and lowering of seizure 
threshold with tramadol; anticholinergic effects includ-
ing dry mouth and urinary retention with tricyclic anti-
depressants; sedation, ataxia, and other cognitive side 
effects with anticonvulsants (although gabapentin and 
pregabalin are relatively safe); and sedation, constipa-
tion, urinary retention, tolerance, and central pain sen-
sitization with opioids. Adverse gastrointestinal events 
related to nonsteroidal anti-infl ammatory drugs can be 
minimized with the use of a COX-2 inhibitor or con-
comitant use of a gastroprotective agent such as a pro-
ton pump inhibitor or H2 blocker.57

Quantifi ed data on complications associated with non-
surgical interventional procedures, including epidural 
steroid injections, are limited. A retrospective study of 
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207 patients receiving transforaminal epidural steroid 
injections58 reported the following adverse events: tran-
sient nonpositional headaches that resolved within 
24 hours (3.1%), increased back pain (2.4%), facial 
fl ushing (1.2%), increased leg pain (0.6%), vasovagal 
reaction (0.3%), increased blood glucose concentration 
in an insulin-dependent diabetic (0.3%), and intraop-
erative hypertension (0.3%). Other potential complica-
tions are infection at the injection site, dural puncture 
potentially with associated spinal headache, chemical 
or infectious meningitis, epidural hematoma, intravas-
cular penetration, anaphylaxis, and nerve root or spinal 
cord injury leading to paresis or paralysis.59,60

Complications of decompressive surgery include infec-
tion (0.5% to 3%), epidural hematoma, vascular injury 
(0.02%), thromboembolism including pulmonary em-
bolism (0.5%), dural tears <1% to 15%), nerve root in-
jury, postsurgical spinal instability, nonunion or hardware 
failure, adjacent segment degeneration, recurrence of 
symptoms (10% to 15%), and death (0.35% to 2%).40,61
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DEFINITION
The sacroiliac joint is a small but signifi cant cause of 
low back, buttock, groin, and lower extremity pain. Sac-
roiliac joint dysfunction is a diagnosis that should be 
arrived at only after careful consideration of other diag-
noses that can often cause similar symptoms and ex-
amination fi ndings. Sacroiliac joint dysfunction occurs 
with structural change to the joint or changes to the 
relative positions of the sacrum and pelvis.1 Pain can be 
mediated by intra-articular, capsular, and ligamentous 
structures. The prevalence of sacroiliac joint dysfunction 
in the general population is reported between 15% and 
38%.2-4 Differentiation of sacroiliac joint pain from 
other causes is complicated by the joint’s anatomy. Be-
cause of its redundant and variable innervation, the 
dysfunctional sacroiliac joint can present as a variety of 
referred pain syndromes.5 Moreover, sacroiliac joint 
pain can arise from both hypermobility and hypomo-
bility, making defi nitive diagnosis even more elusive. 
Sacroiliac joint syndrome may be more common in 
women than in men; various studies demonstrate a ra-
tio of approximately 3 or 4:1.5-8

The sacroiliac joints are the bilateral weight-bearing 
joints that connect the articular surface of the sacrum 
with the ilium, joining the axial and appendicular skel-
etons. The anterior and inferior third of the joint is sy-
novial; the remainder of the joint space is syndesmotic. 

The sacroiliac joint is bordered on its ventral and supe-
rior edges by the ventral sacroiliac ligament and on its 
dorsal and inferior surfaces by the interosseous and 
dorsal sacroiliac ligaments. The articular capsule of the 
sacroiliac joint is thin and stabilized anteriorly by the 
ventral sacroiliac ligament. The strong extracapsular fi -
bers of the dorsal sacroiliac and interosseous ligaments 
contribute principally to the stability of the joint. Fur-
ther anchoring of the sacroiliac joint is conferred by the 
sacrotuberous and sacrospinous ligaments, which pro-
vide additional connections between the pelvis and sa-
crum. Innervation of the sacroiliac joint remains incom-
pletely studied, and several anatomic studies have 
reported different innervation. The dorsal branch of S1 
and fi bers from L4, L5, and even L3 can provide sensory 
input to the joint.9 Other studies have described inner-
vation predominantly through dorsal rami of spinal 
nerve roots L5-S4.10,11

The sacroiliac joint undergoes changes throughout life 
that affect the biomechanics of the joint. During child-
hood and adolescence, the joint is more mobile, absorb-
ing forces throughout the gait cycle. With normal aging, 
the joints develop uneven opposing surfaces, and the 
joints are thought to gradually fuse in later years.12-14

Movements around the sacroiliac joints are small in 
magnitude yet complex in nature. As body weight is 
transmitted downward through the fi rst sacral vertebra, 
the sacrum is pushed downward and forward, causing its 
lower end to rotate upward and backward.12 Although 
there are no muscles that directly control movements 
around the joint, imbalance of the musculature sur-
rounding the sacroiliac joint can affect stresses through 
the joint. Muscles anterior to the sacroiliac joint, 
including the psoas and iliacus, can infl uence movement 
of the sacrum.2 Weakness in posterior muscles, such as 
the gluteus maximus and medius, can affect pelvic pos-
ture during weight bearing, thereby altering stresses 
through the joint.

SYMPTOMS
By far the most common presenting symptom of sacroiliac 
joint dysfunction is low back pain and gluteal pain, which 
can be indolent and refractory to traditional interventions 

Synonyms
Sacroiliac joint syndrome
Sacroiliac joint pain
Sacroiliac joint injury
Sacroiliac subluxation
Sacroiliac joint instability
Sacroiliac joint ankylosis
Sacroiliac joint sprain and strain

ICD-9 Codes
724.6 Disorders of sacrum
846.1 Sprain and strain of sacroiliac ligament
846.8 Sprain and strain of sacroiliac region

Ch47_267-270-X4007.indd 267Ch47_267-270-X4007.indd   267 3/17/08 6:11:38 PM3/17/08   6:11:38 PM



268 M U S C U L O S K E L E T A L  D I S O R D E R S : M I D  B A C K

and therapies. Pain referral from sacroiliac joint dysfunc-
tion is not limited to the lumbosacral region or buttocks. 
Presenting complaints often include pain that is aggra-
vated by prolonged standing, asymmetric weight bearing, 
or stair climbing. Pain can also stem from running, large 
strides, or extreme postures.15 Because sacroiliac joint pain 
is thought to arise from a variety of causes (hypermobility, 
hypomobility, osteologic deformity, joint infl ammation, 
and erosion), joint dysfunction can present with a wide 
variety of specifi c complaints. In a retrospective study of 
50 patients with positive diagnostic response to fl uoro-
scopically guided sacroiliac joint injection, investigators 
sought to characterize the most common presenting symp-
toms experienced by the cohort. In their study, the most 
common symptoms were buttock pain (94%), lower lum-
bar pain (72%), and lower extremity pain (50%). Pain in 
the distal leg and pain in the foot were also reported, as 
was groin pain.5

Sacroiliac joint dysfunction is not a cause of neuro-
pathic pain. However, because of the anatomic proxim-
ity of spinal nerve roots as well as the lumbar and sacral 
plexuses, pain referral patterns can mimic a variety of 
neurologic pathologic processes.

PHYSICAL EXAMINATION
A thorough assessment of the low back, hips, and pel-
vis, including musculoskeletal and neurologic testing, is 
essential in isolating back pain caused by sacroiliac 
joint dysfunction and to exclude other common diag-
noses. Examination should include measurement of leg 
length and assessment of pelvic symmetry by inspection 
of the posterior superior iliac spine, anterior superior 
iliac spine, gluteal folds, pubic tubercles, ischial tuber-
osities, and medial malleoli. The sacral sulcus is pal-
pated and inspected with the patient prone, and any 
muscle atrophy in the gluteal muscles or distal extrem-
ity is noted. Atrophy in the limb implicates a lumbar 
radiculopathy more than sacroiliac joint syndrome. Pal-
pation of the bony sacrum, subcutaneous tissues, mus-
cles, and ligaments is performed.

Provocative tests have long been used by clinicians to 
differentiate sacroiliac joint–derived back pain from 
other regional pain generators. However, repeated clini-
cal studies have suggested that when they are consid-
ered separately, the most commonly used provocative 
tests have low specifi city for sacroiliac dysfunction4,9,16,17

One possible explanation for this is interrater unreli-
ability. Others suggest that both the minimal range of 
motion around the joints and the diffi culty in simulat-
ing physiologic stresses through the joints make it more 
likely that provocative tests will elicit pain from sur-
rounding structures.15 Such structures include the lum-
bar intervertebral disc, zygapophyseal joint, and hip 
joint. Several investigators have shown that in the diag-
nosis of sacroiliac joint disease, a multitest regimen is 
more clinically useful than any individual test fi nding. 
Recent research suggests that three or more positive 
fi ndings on provocative tests are 85% sensitive and 79% 
specifi c for sacroiliac joint disease.4

Provocative Tests

Gaenslen Test

With the patient supine, lying close to the edge of the 
examination table with the buttock of the tested side 
over the edge of the table, the patient’s leg is dropped 
off the table such that the thigh and hip are in hyperex-
tension. The contralateral knee is then maximally fl exed. 
Pain or discomfort with this maneuver suggests sacroil-
iac joint disease, although a false-positive result can be 
seen in patients with an L2-4 nerve root lesion,18,19

spondylolisthesis, sacral fractures, lumbar compression 
fractures, or spinal stenosis.

Patrick Test (Also Called FABER Test)

With the patient supine on a level surface, the thigh is 
fl exed and the ankle placed above the patella of the op-
posite extended leg. Downward pressure is applied si-
multaneously to the fl exed knee and the opposite ante-
rior superior iliac spine, as the ankle maintains its 
position above the knee. Pain or discomfort in the glu-
teal region refl ects sacroiliac disease; pain in the groin 
or thigh may be suggestive of hip disease.

Distraction Test (Also Called the Gapping Test)

With the patient supine, pressure is applied downward 
and laterally to the bilateral anterior superior iliac 
spines. This maneuver stretches the ventral sacroiliac 
ligaments and joint capsule while placing pressure on 
the dorsal sacroiliac ligaments.

Compression Test

With the patient lying in the lateral recumbent posi-
tion, the examiner stands behind the patient and 
applies pressure downward on the uppermost iliac 
crest, compressing the pelvis. This stretches the dorsal 
sacroiliac ligaments and compresses the ventral sacro-
iliac ligaments.

Pressure over the Sacral Sulcus

Application of pressure to the gluteal region causing 
familiar gluteal pain can be suggestive of sacroiliac joint 
dysfunction. This is commonly seen and is a nonspecifi c 
fi nding; it is often seen in discogenic axial pain, radicu-
lar pain, sacral fractures, facet syndrome, and piriformis 
syndrome.

FUNCTIONAL LIMITATIONS
Patients with sacroiliac joint dysfunction syndrome can 
have a range of functional limitations. There can often 
be diffi culty with sitting, standing, walking, lying, bend-
ing, lifting, or sustained position. These functional 
limitations can be mild or incapacitating. Sequelae of 
chronic pain conditions, including sacroiliac joint dys-
function, are insomnia, depression, globalization of 
pain syndrome, psychological pain behavior, and symp-
tom magnifi cation. These sequelae can have additional 
or disproportionate associated functional limitations.
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DIAGNOSTIC STUDIES
Plain radiography can reveal osteologic causes of sacro-
iliac joint–mediated pain, such as infection and infl am-
matory or degenerative arthritis. Plain radiographic views, 
including Ferguson views and anteroposterior views, can 
help identify sacroiliac joint erosions. Bone scan and 
computed tomography can detect bone changes caused 
by entities such as fracture, infection, tumor, sacroiliac 
joint erosions, and arthritis. Magnetic resonance imaging 
can reveal these entities as well as show soft tissue disease 
and marrow changes in sacroiliitis with its associated ero-
sions. True sacroiliac joint dysfunction can often be seen 
in the presence of normal imaging and is a clinical syn-
drome separate from these diagnoses.

Fluoroscopically guided diagnostic anesthetic injection 
remains the “gold standard” for diagnosis of sacroiliac 
joint–derived low back pain.7,8,17,20 However, numerous 
investigators have shown anesthetic leakage from the 
joint space after injection, and there is speculation that 
overlap to adjacent neural structures may yield erroneous 
diagnoses of sacroiliac dysfunction.11 A placebo effect 
and other nonspecifi c factors also can lead to erroneous 
diagnosis. For these reasons, confi rmatory studies can be 
performed after informed consent has been obtained and 
the patient is educated about the reasons for confi rma-
tory studies. These confi rmatory studies include a 
patient-blinded, placebo versus anesthetic injection and 
a variable-duration anesthetic time-dependent block.

sacroiliac joint. Approximately 2 degrees of rotation and 
0.77 mm of translation occur with stress or manipula-
tion.21,22 Commonly used pharmacologic measures in-
clude acetaminophen, nonsteroidal anti-infl ammatory 
medications, and muscle relaxants. Chronic use of non-
steroidal anti-infl ammatory drugs should be avoided 
because of gastric, renal, and possibly cardiac side effects. 
Opiates in rare instances can be considered for short-
term use but carry potential risks of sedation, constipa-
tion, physical dependence, and addiction. Patients with 
true sacroiliitis related to a seronegative spondyloar-
thropathy may be candidates for the use of disease-
modifying antirheumatic drugs.

Rehabilitation
Physical therapy is directed toward lumbar core muscle 
strength and lower extremity fl exibility; modalities such 
as ice massage, heat, electrical stimulation for the alle-
viation of pain or muscle spasm, sacroiliac joint mobi-
lization techniques, and postural education exercises 
are employed. Sacroiliac joint belts can be helpful and 
are worth an initial trial to address symptoms. Address-
ing hip girdle muscle strength, hip range of motion, 
tight iliotibial band, hip or knee osteoarthritis, trochan-
teric bursitis, leg length discrepancy, or pelvic obliquity 
can have adjunctive benefi t.

Procedures
Fluoroscopically guided intra-articular steroid injection 
can have therapeutic benefi t.6 Injection therapy should 
be complemented with a therapeutic exercise regimen. 
Radiofrequency denervation has been described as ef-
fective for the treatment of sacroiliac joint dysfunc-
tion.23 Neuromodulatory therapies with an electrical 
stimulator implanted at the third sacral nerve root in a 
limited number of subjects with sacroiliac joint pain 
have also been effective in the management of refrac-
tory cases.24 Prolotherapy has also been described for 
the treatment of sacroiliac joint dysfunction.16,25-27 Well-
designed randomized controlled trials are lacking for 
nearly all sacroiliac joint dysfunction treatments.

Surgery
Surgery is very rarely performed for sacroiliac joint dys-
function and requires thorough workup with minimally 
invasive diagnostic anesthetization of the sacroiliac 
joint with comparative blocks of variable anesthetic 
duration or placebo-controlled blocks and exclusion of 
discogenic, facet, radicular, and hip-mediated pain. Sur-
gical intervention involves fusion of the sacroiliac joint 
with hardware.

POTENTIAL DISEASE COMPLICATIONS
Sacroiliac joint dysfunction, like other causes of chronic 
pain, can produce pain-related insomnia, depression, 
anxiety, globalization of pain, and disability. Older pa-
tients with gluteal pain should be evaluated for fracture 

Differential Diagnosis

Discogenic low back pain

Lumbar radicular pain

Lumbar facet syndrome

Seronegative spondyloarthropathy

Piriformis syndrome

Sacral fractures

Spondylolisthesis

Spinal stenosis

Hip osteoarthritis

TREATMENT
Initial
Sacroiliac joint dysfunction is treated initially with rela-
tive rest and avoidance of provocative activities. Local 
modalities such as ice and heat or topical analgesics such 
as Lidoderm patch can be applied for symptomatic relief. 
Manipulative therapy can alleviate pain and help with 
muscle spasms but does not change joint alignment 
signifi cantly. No signifi cant muscle groups cross the 
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or tumor, and younger patients should be evaluated for 
seronegative spondyloarthropathy.

POTENTIAL TREATMENT 
COMPLICATIONS
Pharmacologic measures can have numerous side ef-
fects. Acetaminophen can be hepatotoxic in large doses. 
Nonsteroidal anti-infl ammatory drug therapy is well 
known to be associated with gastrointestinal and renal 
side effects. Manipulation therapy or therapeutic exer-
cise can increase pain in some patients. Intra-articular 
steroid injection can be associated with temporary in-
crease in pain. Potential systemic steroid effects include 
increase in serum blood glucose concentration, hyper-
tension, and fl uid retention. Local steroid injection can 
cause fatty atrophy, potential infection, and skin depig-
mentation.
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DEFINITION
Hip osteoarthritis (OA, also called degenerative joint 
disease) is the most prevalent pathologic condition at 
the hip joint. The hip joint (femoroacetabular joint) is a 
ball-and-socket joint, with the femoral head situated 
within the concavity formed by the acetabulum and la-
brum. This anatomic arrangement allows movements in 
multiple planes, including fl exion, extension, adduction, 
abduction, internal rotation, and external rotation. Sig-
nifi cant mechanical forces (three to eight times body 
weight)1,2 are exerted on the hip joint during weight-
bearing activities such as walking, running, jumping, 
and lifting. Additional stresses are created by recreational 
activities (e.g., impacts and falls during sports) and se-
vere trauma (e.g., motor vehicle collisions). Hip trauma 
is signifi cantly associated with unilateral but not bilat-
eral hip OA, whereas obesity is associated with bilateral 
but not unilateral hip OA.3 Occupational heavy lifting 
and frequent stair climbing seem to increase the risk of 
hip OA.4

In a study of 2490 subjects aged 55 to 74 years, the 
prevalence of hip OA was 3.1%; 58% of hip OA cases 
were unilateral, and 42% were bilateral.3 The prevalence 
of hip OA is about 3% to 6% in the white population, 
but by contrast, it is far lower in Asian, black, and East 
Indian populations.5 Total hip replacement in patients 
with hip OA is twice as common in women.6

A central feature of hip OA is cartilage breakdown, 
thus compromising the femoroacetabular articulation. In 

addition to cartilage, other tissues affected by the disease 
process include subchondral bone, synovial fl uid, liga-
ments, synovial membrane, joint capsule, and adjacent 
muscles. Eventually, the joint develops osteophytes (exos-
tosis), joint space narrowing, bone sclerosis adjacent to 
the joint, and potentially even joint fusion (arthrosis).

OA can be classifi ed as either primary (idiopathic) or sec-
ondary.7 The most common form of hip OA is primary,8
which represents the “wear and tear” degenerative changes 
that occur over time. Hip OA is considered secondary if a 
specifi c underlying cause can be identifi ed, such as sig-
nifi cant prior hip trauma, joint infection, or preexisting 
congenital or other deformities.7 Among patients under-
going total hip replacement, the likelihood that the 
hip OA was primary (rather than secondary) is highest 
among white individuals (66%), followed by black sub-
jects (54%), Hispanics (53%), and Asians (28%).9 Unlike 
rheumatoid arthritis, OA is relatively noninfl ammatory 
during most stages of the disease process. Symptomatic 
acetabular structural abnormalities can occur in patients 
with hip instability from classic developmental dysplasia 
or post-traumatic acetabular dysplasia as well as with ret-
roversion of the acetabulum.10

SYMPTOMS
Groin pain is the classic manifesting symptom for hip 
OA. Other presenting symptoms of hip OA include hip 
pain, stiffness, and associated functional limitations. 
Many patients report “hip” pain when really they are 
referring to the superior lateral thigh region (e.g., greater 
trochanteric bursitis rather than hip joint disease). Hip 
joint pain typically presents as groin pain, perhaps with 
some referred pain down toward (and even beyond) the 
medial knee. Questioning the patient about lumbosa-
cral, sacroiliac, or coccyx pain may reveal that the “hip” 
symptoms are actually referred from the spine.

Hip OA pain usually has an insidious onset, is worse 
with activity (particularly weight bearing and rota-
tional loading of the joint), and is somewhat relieved 
with rest.7 Advanced OA may be painful even at rest.7
The physician should specifi cally ask about any consti-
tutional symptoms that might suggest infection or 
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Synonyms
Hip osteoarthritis
Hip degenerative joint disease
Degenerative hip joint
Coxarthrosis

ICD-9 Codes
715.15 Primary (idiopathic) osteoarthritis of the hip
715.25 Secondary osteoarthritis of the hip
716.15 Traumatic osteoarthritis of the hip
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malignant disease and also about any history of hip 
trauma11 (recent or remote).

PHYSICAL EXAMINATION
Antalgic gait is characterized by a limp with decreased 
single-limb stance time on the painful limb, a short-
ened stride length for the contralateral limb, and an 
increased double support time.

Range of motion should be evaluated not only at both 
hip joints (in multiple planes) but also at the lumbosa-
cral spine, knees, and ankles to more thoroughly evalu-
ate the kinetic chain. The earliest sign of hip OA is loss 
of hip internal rotation.12,13 Limping, groin pain, or 
limited hip internal rotation supports a diagnosis of a 
hip (rather than spine) disorder,14 but it still remains 
prudent also to perform a lumbosacral physical exami-
nation when lumbosacral pain generators are being 
considered.

The Patrick test is performed by having the patient su-
pine with the ipsilateral heel on the contralateral knee, 
thus forming the “fi gure-four” position, also referred to 
by the acronym FABER maneuver (hip fl exed, abducted, 
and externally rotated; Fig. 48-1). The physician pushes 
the raised leg toward the table, producing groin pain 
that suggests intra-articular hip disease or back or but-
tock pain that suggests sacroiliac joint disease.

Palpation of the greater trochanteric bursae, iliotibial 
bands, sacroiliac joints, and ischial bursae may reveal 
pain generators other than the hip joint itself.

Weak hip muscles may be due to pain or disuse, but 
radiculopathy and neuropathy can also be considered. 
Hip abductor weakness may be manifested with a Tren-
delenburg gait.13 With hip OA, the remainder of the 
neurologic examination in the lower limbs is normal 
(e.g., muscle stretch refl exes and sensory testing).

On inspection of the fi ngers, hypertrophic degenerative 
changes (exostoses), such as Heberden nodes at the 

distal interphalangeal joints,12 are independent risk fac-
tors for hip OA.11 Their presence thus increases the like-
lihood of similar fi ndings at the hip joint.

FUNCTIONAL LIMITATIONS
Patients with hip OA often report functional limitations 
in weight-bearing activities such as walking, running, 
and climbing stairs. The hip range of motion restric-
tions may cause diffi culties with activities such as don-
ning or doffi ng of socks and shoes, picking up clothing 
from the fl oor,15 and getting in and out of cars. Hip pain 
and weakness may necessitate use of the upper limbs to 
arise from a chair.15 A careful history can elicit details of 
occupational, recreational, and other functional activi-
ties that the patient has decreased or ceased because of 
the hip OA.

DIAGNOSTIC STUDIES
Plain radiography is the primary diagnostic study for hip 
OA16 (Fig. 48-2). The severity of radiographic hip OA 
fi ndings can be categorized on the basis of the minimal 
joint space (MJS), defi ned as the shortest distance on the 
radiograph between the femoral head margin and 
the acetabular edge.15 MJS is determined by four joint 
space measurements (medial, lateral, superior, and ax-
ial). Croft’s MJS grades are 0 (MJS � 2.5 mm), 1 (MJS �
1.5 mm and � 2.5 mm), and 2 (MJS � 1.5 mm).15 MJS 

FIGURE 48-1. FABER maneuver (Patrick test). Pain produced in the groin 
suggests intra-articular disease, such as hip OA; pain produced in the 
back or buttock suggests sacroiliac disease.

FIGURE 48-2. Radiograph demonstrating hip OA, including joint space 
narrowing, superior migration of the femur within the acetabulum, and 
subchondral sclerosis.

Ch48_271-276-X4007.indd 272Ch48_271-276-X4007.indd   272 3/17/08 6:11:54 PM3/17/08   6:11:54 PM



Hip Osteoar thr i t is 273

is predictive of hip pain, is strongly associated with other 
radiographic features of hip OA, and has interrater reli-
ability.17 Alternatively, the Kellgren-Lawrence grading 
system of hip OA is a scale of 0 to 5 that considers not 
only joint space narrowing but also three additional fac-
tors: osteophytes, subchondral sclerosis, and subchon-
dral cysts.15 Both MJS and Kellgren-Lawrence grade are 
associated with clinical symptoms of hip OA.15

Magnetic resonance imaging is generally not needed to 
diagnose hip OA, but it is superior to radiography or 
bone scan when the differential diagnosis includes 
avascular necrosis or hip labral tear.18 Hip joint ar-
thrography is also generally unnecessary for the diag-
nosis of hip OA but may help defi ne labral tears. Symp-
tom relief through intra-articular injection of local 
anesthetic (e.g., with fl uoroscopic or ultrasound guid-
ance) can help confi rm that the patient’s symptoms are 
arising from the hip joint.

Electrodiagnostic studies should be considered when 
the differential diagnosis includes lumbosacral radicu-
lopathy or peripheral nerve disease.

Weight loss is very important because body weight is an 
independent risk factor for the development and progres-
sion of hip OA,20,21 although it is less clearly established 
at the hip than at the knee.12 Forces on the hip joint are 
roughly three to fi ve times the patient’s body weight dur-
ing ambulation2 and up to eight times body weight dur-
ing jogging.1 Loss of even modest amounts of excess 
body weight can signifi cantly decrease lower extremity 
joint forces, OA progression, and related symptoms.20,21

The initial medication of choice for OA is acetamino-
phen,22,23 at a maximum dose of 1000 mg four times a 
day. Although OA is primarily considered a noninfl am-
matory arthritis (at least in early stages), prescription of 
nonsteroidal anti-infl ammatory drugs in addition to the 
acetaminophen can provide further analgesic benefi t.12

In appropriately selected patients, tramadol or more 
traditional opioid analgesics may also be used for pain 
relief and associated functional benefi ts.12

Rehabilitation
The American College of Rheumatology (ACR) guide-
lines for the medical management of hip and knee OA 
recommend exercise as an important component of 
treatment.21,22 The ACR guidelines recommend an exer-
cise program consisting of range of motion, strengthen-
ing, and aerobic conditioning by walking or aquatic 
therapy.21,22 Water-based exercise for lower limb OA 
decreases pain and increases function in the short term 
and also at 1 year.24

Stretching programs can address the range of motion 
restrictions in patients with hip OA, which are, in order 
of severity, extension, internal rotation, abduction, ex-
ternal rotation, adduction, and fl exion.19 Flexibility 
programs often begin with patients gently moving their 
joints through the available range of motion (to main-
tain range of motion) and then progress to regaining of 
lost range of motion. 12 Proper stretching should be 
sustained for at least 30 seconds while avoiding the sud-
den, jerky, or ballistic stretching that would be likely to 
exacerbate OA.12

Strengthening programs should address all planes of 
hip movement.19 OA patients may begin with static 
strengthening exercises12 to minimize joint movements 
that could exacerbate the OA symptoms.12 Eventually, 
incorporation of dynamic exercises can maximize 
strength and function.12

Patients with hip OA are often deconditioned, thus sug-
gesting a role for aerobic exercises.19 Because OA particu-
larly affects the elderly, it is especially important to 
screen for cardiovascular or other precautions before an 
exercise program is begun. Many patients with hip OA 
may have diffi culty tolerating high-impact aerobics, such 
as jogging and stair climbing,19 so activities such as cy-
cling and aquatic exercises may be substituted. It is im-
portant to encourage ongoing exercise compliance.8,12

There is little clinical scientifi c evidence supporting 
passive modalities (e.g., cryotherapy, thermotherapy, 
transcutaneous electrical nerve stimulation) for hip 

Differential Diagnosis

Intra-articular
Avascular necrosis

Protrusio acetabuli

Hip labral (cartilage) tear

Hip joint infection

Acetabular fracture

Rheumatoid arthritis

Extra-articular
Femur fracture

Trochanteric bursitis

Iliotibial band tendinitis

Snapping hip syndrome

Muscle or tendon groin strain

Lumbosacral radiculopathy

Sacroiliac pain

Coccydynia

TREATMENT
Initial
Patients with OA should be educated about their diag-
nosis, prognosis, and available treatments. Patients are 
encouraged to take an active role in managing their OA 
and maximizing their outcomes.19
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OA,19 although theoretically they may facilitate better 
tolerance of the active therapy program.12

Hip OA pain may be decreased by use of a cane in the 
contralateral hand,8,13 presumably by shifting the center 
of gravity medially, away from the involved hip. In cases 
of bilateral hip OA, the cane can be used contralateral 
to the more severely involved hip. A shoe lift can correct 
a leg length discrepancy8 caused by hip joint space nar-
rowing or superior migration of the femoral head 
within the acetabulum.

An occupational therapy evaluation of activities of 
daily living may identify diffi culties with hand activi-
ties (e.g., due to hand OA) and diffi culties with don-
ning and doffi ng of footwear (due to restricted hip 
range of motion). Adaptive equipment (e.g., reachers, 
sock donners, long-handled shoe horns, elastic shoe-
laces) may help maximize independence despite persis-
tent physical impairments.12

Procedures
Nonsurgical procedures for hip OA primarily include 
intra-articular injections with corticosteroids or visco-
supplements.

Corticosteroid Injections

Although early OA is considered noninfl ammatory, end-
stage OA may have an infl ammatory component,7 which 
may provide a basis for anti-infl ammatory intra-articular 
injections with corticosteroids. It is diffi cult to obtain 
true intra-articular hip joint injection without fl uoros-
copy8,12 or other image guidance, particularly because OA 
can decrease the targeted joint space and osteophytes can 
obstruct needle entry.25 A randomized controlled trial of 
fl uoroscopically guided intra-articular hip joint injec-
tions has shown that compared with local anesthetic, 
corticosteroids decrease hip OA pain (at 3- and 12-week 
follow-ups), improve hip range of motion in all direc-
tions, and signifi cantly improve functional abilities.26

Ultrasonography-guided hip joint corticosteroid injec-
tion for hip OA has shown signifi cant relief of pain dur-
ing walking compared with saline injection.27 Despite 
the benefi ts shown in prospective, randomized con-
trolled trials,26,27 it is notable that one retrospective study 
seems to show that combined injections of cortico steroid, 
contrast agent, and anesthetic before total hip arthro-
plasty may increase the risk of postoperative infection 
and surgical revision.28 Despite the limitations of that 
study (inherent fl aws of a retrospective review and data 
lacking statistical power to determine the role of the time 
interval between steroid injection and subsequent total 
hip arthroplasty),28 the possibility of infection should be 
discussed with patients before corticosteroid injection. 
Hip joint injection under fl uoroscopic guidance is shown 
in Figure 48-3.

Viscosupplementation Injections

True intra-articular placement is even more important 
with viscosupplementation than with corticosteroids 
because viscosupplements have high molecular weights 

and are unlikely to permeate to the joint capsule.25

Thus, when it is available, image guidance with fl uoros-
copy25 or ultrasonography seems prudent for viscosup-
plementation injections.28

At the time of this writing, viscosupplements are ap-
proved by the Food and Drug Administration only for 
use at the knee. Some pilot studies indicate that image-
guided hip joint viscosupplementation injections are 
well tolerated, safe, and benefi cial for hip OA.29

Surgery
Surgical treatment of hip OA includes joint realignment 
(realignment osteotomy, such as for hip dysplasia13),
joint fusion (arthrodesis), and, most commonly, joint 
replacement (arthroplasty).23 Hip joint arthroplasty can 
be categorized as either hemiarthroplasty (prosthetic 
replacement of the proximal femur while the acetabu-
lum is left intact) or total hip arthroplasty (also called 
total hip replacement, with surgical replacement of 
both the acetabulum and the proximal femur).23 Hip 
hemiarthroplasty is often performed after proximal 
femur fractures, when the acetabulum is relatively in-
tact. Conversely, in OA, there is usually degeneration of 
both the acetabulum and the femur; thus, the defi nitive 
surgery is to replace both of these through total hip 
arthroplasty. An arthroplasty can also be categorized 
on the basis of the specifi c prosthetic hardware used 
(e.g., unipolar or bipolar) and whether cement is used 
to hold the hardware in place.23 Comparisons of the 
posterior and direct lateral surgical approaches for total 
hip arthroplasty show similar rates of postoperative 

FIGURE 48-3. Fluoroscopic image showing intra-articular injection of 
contrast material (before corticosteroid), which can be seen spreading 
within the joint capsule along the proximal aspect of the femoral neck 
and also up into the space between the femoral head and the acetabu-
lum. The image guidance helps ensure appropriate intra-articular place-
ment of the injectate.
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dislocation (1% to 4%), postoperative Trendelenburg 
gait, and sciatic nerve injury.30

Customized preoperative exercises are well tolerated 
even in patients with end-stage hip OA and improve 
early recovery of physical function after eventual total 
hip arthroplasty is performed.31

Postoperative rehabilitation with physical therapy (and 
perhaps occupational therapy) generally includes thera-
peutic exercise, transfer training, gait training, and in-
struction in activities of daily living.32 After total hip 
arthroplasty, early ambulation (even within the fi rst 1 to 
2 days postoperatively)8 may maximize recovery and 
minimize complications such as deep venous thrombo-
sis and symptomatic thromboembolism.32

The patient is taught how to follow the weight-bearing 
status specifi ed by the orthopedic surgeon,8 which de-
pends on factors such as whether the prosthesis was 
cemented in place or not.32 Many patients may safely 
bear weight as tolerated.32 A cane or walker should be 
used until hip abductors are strong enough that the 
patient no longer limps during unassisted gait.8

After a posterior approach total hip arthroplasty, pre-
vention of hip dislocation often involves “hip precau-
tions” (e.g., teaching the patient to carefully avoid posi-
tions of hip adduction, fl exion, and internal rotation).8
Patients are taught to use elevated chair seats and 
elevated toilet seats and to avoid crossing the legs.8
The recommended duration for hip precautions varies 
widely from 6 weeks to 6 months. Postoperative 
patients with a signifi cant fall or sudden onset of 
pain should undergo radiography for evaluation of 
dislocation.

Prophylaxis against deep venous thrombosis and related 
venous thromboembolism may include early ambula-
tion, intermittent pneumatic compression stockings, in-
ferior vena cava fi lters, and pharmacologic methods 
(such as unfractionated heparin, low-molecular-weight 
heparin, warfarin, or synthetic pentasaccharides).32 The 
optimal duration of thromboprophylaxis is not known, 
but a 4- to 6-week course has been suggested after total 
hip arthroplasty.32

After the acute care hospital, total hip arthroplasty pa-
tients are discharged to either inpatient rehabilitation 
(acute or subacute) or directly home, depending on 
postoperative pain, functional status, and home envi-
ronment.8,32

POTENTIAL DISEASE COMPLICATIONS
Hip OA is a degenerative process characterized by grad-
ual progressive worsening of femoroacetabular joint 
destruction and resultant symptoms. Hip OA can pro-
duce severe pain, stiffness, functional limitations, and 
associated compromise of quality of life. The decrease 
in mobility can subsequently result in weakness, osteo-
porosis, obesity, and cardiovascular deconditioning.

POTENTIAL TREATMENT 
COMPLICATIONS
Acetaminophen can cause hepatic side effects; non steroidal 
anti-infl ammatory drugs are associated with gastrointesti-
nal, renal, and cardiovascular risks. Tramadol can cause 
sedation and dizziness. Hip injections carry risks of infec-
tion and postprocedure exacerbation of symptoms. Hip 
replacement surgeries can be complicated by infection, 
nerve injury, dislocation, hardware loosening, deep ve-
nous thrombosis, and anesthesia-related side effects.32
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DEFINITION
Femoral neuropathy is the focal injury of the femoral 
nerve causing various combinations of pain, weakness, 
and sensory loss in the anterior thigh. Diabetic amyotro-
phy is the most common cause of focal femoral neu-
ropathy; hemorrhage, most often due to anticoagulation 
therapy, also is common. Table 49-1 lists other possible 
causes of femoral neuropathy.

The femoral nerve arises from the anterior rami of the 
lumbar nerve roots 2, 3, and 4. After forming, the 
nerve passes on the anterolateral border of the psoas 
muscle, between the psoas and iliacus muscles, down 
the posterior abdominal wall, and through the poste-
rior pelvis until it emerges under the inguinal ligament 
lateral to the femoral artery (Fig. 49-1).1,2,10 The course 
continues down the anterior thigh, innervating the 
anterior thigh muscles. The sensory-only saphenous 
nerve branches off the femoral nerve distal to the in-
guinal ligament and courses through the thigh until 
the Hunter subsartorial canal, where the nerve dives 
deep. The femoral nerve innervates the psoas and ilia-
cus muscles in the pelvis and the sartorius, pectineus, 
rectus femoris, vastus medialis, vastus lateralis, and 
vastus intermedius muscles in the anterior thigh. The 
femoral nerve provides sensory innervation to the an-
terior thigh. The saphenous nerve provides sensory 
innervation to the anterior patella, anteromedial leg, 
and medial foot (Fig. 49-2).

SYMPTOMS
The symptoms depend on how acute the injury is and 
what caused the injury. A patient will often fi rst complain 
of a dull, aching pain in the inguinal region, which may 
intensify within hours. Shortly thereafter, the patient may 
note diffi culty with ambulation secondary to leg weak-
ness. The patient may or may not complain of weakness 
in the hip or thigh but will often notice diffi culty with 
functional activities, such as getting out of a chair and 
traversing stairs or inclines.

Numbness over the anterior thigh and medial leg is 
common. The numbness may extend into the antero-
medial leg and the medial aspect of the foot.

PHYSICAL EXAMINATION
The examination includes a complete neuromuscular 
evaluation of the low back, hips, and both lower limbs. 
This should include inspection for asymmetry or atro-
phy, manual muscle testing, muscle stretch refl exes, and 
sensory testing for light touch and pinprick.

In the case of femoral neuropathy, the clinician may see 
atrophy or asymmetry of the quadriceps muscles and 
weakness of hip fl exion and/or knee extension. Strength 
testing may be limited because of pain. Quadriceps 
strength should be compared with adductor strength, 
which typically is normal. Palpation over the inguinal 
ligament may reveal a fullness and/or exacerbate the 
patient’s pain symptoms. There is often a decreased or 
loss of quadriceps refl ex and decreased sensation to the 
anterior thigh and anterior and medial leg. Palpation 
may be tender in the thigh and groin. Pain may be exac-
erbated with hip extension (Fig. 49-3).1,2

FUNCTIONAL LIMITATIONS
Functional limitations due to femoral neuropathy are 
generally a result of weakness and vary according to the 
severity of the injury and the functional reserve of the 
patient. Individuals may have diffi culty getting up from 
a seated position and walking without falling. Inclines 
and stairs often magnify the limitations. Recreational 
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Synonym
Diabetic amyotrophy

ICD-9 Codes
355.2 Other lesion of femoral nerve
355.8 Mononeuritis of lower limb, unspecifi ed
355.9 Mononeuritis of unspecifi ed site
782.0 Disturbance of skin sensation
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and work-related activities are often affected, such as 
running, climbing, and jumping.

DIAGNOSTIC STUDIES
Electrodiagnostic studies (nerve conduction studies and 
electromyography) are the “gold standard” to confi rm 
the presence of a femoral nerve injury. These should be 
performed no earlier than 3 to 4 weeks after the injury. 
Obviously, in cases of suspected hemorrhage, imaging 
studies should be done immediately. Imaging studies 
may include magnetic resonance imaging or computed 
tomography of the pelvis to look for a hemorrhage or a 
mass causing impingement.10-13

In terms of electrodiagnostic studies, nerve conduction 
studies of the femoral motor component are routinely 
used. Routine nerve conduction studies are not available 
for the sensory component of the femoral nerve. Saphe-
nous nerve sensory evaluation is available in routine 
study but is technically diffi cult and unreliable.2 The 
needle electromyography should evaluate muscles inner-
vated by the femoral, obturator, tibial, and peroneal 
nerves. The needle evaluation therefore should include 
evaluation of the iliopsoas, at least two of the four quad-
riceps femoris muscles, one or two adductor muscles, 
gluteus minimus, three muscles between the knee 
and the ankle, and paraspinal muscles. Electromyogra-
phy should be performed to rule out other causes of 

neuropathic thigh pain, including upper and mid lumbar 
radiculopathy, polyradiculopathy, and plexopathy. Serial 
electromyographic studies may help with evaluation of 
the recovery process.

Somatosensory evoked potentials may also be useful.

Lateral femoral
cutaneous nerve

Femoral nerve

Obturator nerve
Iliacus muscle

Psoas major
muscle

(lower part)

T12

L1

L2

L3

L4

Lumbo-
sacral
trunk

Lumbar
plexus

FIGURE 49-1. Anatomy of the femoral nerve.

TREATMENT
Initial
Treatment of femoral neuropathy is focused on three 
separate areas: relief of symptoms, facilitation of nerve 
healing, and restoration of function. In acute cases 
in which hemorrhage or trauma is the cause, surgical 

TABLE 49-1  Possible Causes of Focal Femoral 
Neuropathy1,2

Open injuries

Retraction during abdominal-pelvic surgery3,4

Hip surgery—heat used by methyl methacrylate, especially in 
association with leg lengthening5,6

Penetration trauma (e.g., gunshot and knife wounds, glass shards)

Closed injuries

Retroperitoneal bleeding after femoral vein or artery puncture7

Cardiac angiography

Central line placement

Retroperitoneal fi brosis

Injury during femoral nerve block

Diabetic amyotrophy

Infection

Cancer8

Pregnancy

Radiation

Acute stretch injury due to a fall or other trauma

Hemorrhage after a fall or other trauma

Spontaneous hemorrhage—generally due to anticoagulant 
therapy

Idiopathic

Hypertrophic mononeuropathy9

Differential Diagnosis

Lumbar radiculopathy

Lumbar polyradiculopathy

Lumbar plexopathy

Avascular necrosis of the femoral head

Polymyalgia rheumatica
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FIGURE 49-2. Sensory innervation of the femoral nerve.
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intervention may be the initial treatment. Likewise, this 
is the case when the injury is due to a mass lesion, such 
as a tumor.

Acute, subacute, and chronic relief of the pain and 
numbness is attempted with modalities and medica-
tions. Ice may be helpful acutely, and heat may be help-
ful in the subacute stage. If an infl ammatory component 
is suspected, nonsteroidal anti-infl ammatory drugs may 
help both pain and infl ammation. Alternatively, oral 
corticosteroids may be used. Narcotics are used when 
acetaminophen and nonsteroidal anti-infl ammatory 
drugs do not control the pain. Antiseizure medications, 
such as carbamazepine and gabapentin, are also of ben-
efi t for the neuropathic pain in some individuals. Trans-
cutaneous electrical stimulation may also help with 
pain control.

Facilitation of healing depends on the cause of the in-
jury to the nerve. In the case of diabetes, improved 
blood glucose control may help recovery. Injury due to 
impingement may be improved by removal of the 
mass. Often, little can be done to facilitate healing. 

Nerves that have sustained a less severe injury (neura-
praxia injury) often heal during hours to weeks once 
the irritant is removed. Nerves that have sustained 
a more serious injury (neurotmesis or axonotmesis) 
typically have a much longer healing course because 
of the time required for wallerian degeneration and 
regeneration. It is important to educate the patient 
about the potential for a prolonged (sometimes more 
than 1 year) course of healing. Also, it is important to 
counsel patients that healing may not be complete and 
that there may be permanent loss of strength and sen-
sation as well as continued pain symptoms.

Rehabilitation
Once the damage has been stopped or reversed, the 
focus turns to improvement of hip fl exion and knee 
extension strength by maximizing the function of the 
available neuromuscular components. This is accom-
plished with physical therapy instruction and a home 
exercise program. Improvement of strength in all lower 
extremity muscle groups is important. Aggressive 
strengthening should be limited in a nerve that is 
acutely injured because it may promote further injury 
and delay healing.

It is also essential to work on proper gait mechanics. The 
physical therapist can help the patient with gait training 
and gait aids to prevent falls and to improve energy use. 
Range of motion in all lower extremity joints should be 
addressed. Neuromuscular electrical stimulation may be 
of benefi t in improving strength in some individuals.

Procedures
Procedures are not indicated for this disease process.

Surgery
In the case of femoral nerve injury due to impingement, 
mass lesion, or hemorrhage, surgery may be required to 
remove the pressure. Early surgical evacuation in patients 
with femoral nerve compression secondary to retroperito-
neal hemorrhage can reduce the likelihood of prolonged 
neurologic impairment.14 In the case of a penetrating in-
jury to the femoral nerve, surgery to align the two ends of 
the nerve and to remove scar tissue may be required.

POTENTIAL DISEASE COMPLICATIONS
Potential complications include continued pain, numb-
ness, and weakness despite treatment. In addition, the 
weakness in the hip and knee increases the risk for falls.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Narcotics have the 
potential for addiction and sedation. Carbamazepine 
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FIGURE 49-3. Traction on the femoral nerve may be accomplished with hip and knee extension initially (A) and then gentle knee fl exion (B).

A

B

can cause sedation and aplastic anemia. The patient tak-
ing carbamazepine should be evaluated with serial com-
plete blood counts and checking of carbamazepine level. 
Gabapentin can cause sedation. The potential risks of 
surgical intervention include bleeding, infection, and 
adverse reaction to the anesthetic agent.
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Lateral Femoral Cutaneous 
Neuropathy 50

Earl J. Craig, MD, and Daniel M. Clinchot, MD
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DEFINITION
Lateral femoral cutaneous neuropathy, commonly 
called meralgia paresthetica, is the focal injury of 
the lateral femoral cutaneous nerve causing pain 
and sensory loss in the lateral thigh of the affected 
individual.

The lateral femoral cutaneous nerve is a pure sensory 
nerve that receives fi bers from L2-3 (Fig. 50-1; see also 
Fig. 49-1). After forming, the nerve passes through the 
psoas major muscle and around the pelvic brim to the 
lateral edge of the inguinal ligament, where it passes 
out of the pelvis in a tunnel created by the inguinal 
ligament and the anterior superior iliac spine.1-3

A number of anatomic variations have described the 
exit of the lateral femoral cutaneous nerve from the 
pelvis.4 Approximately 25% of the population has 
an anomalous course of the lateral femoral cutaneous 
nerve out of the pelvis.5 Approximately 12 cm below 
the anterior superior iliac spine, the nerve splits 
into anterior and posterior branches. The nerve pro-
vides cutaneous sensory innervation to the lateral 
thigh. The size of the area innervated varies among 
individuals.

The nerve may be injured as a result of a number of 
causes, as outlined in Table 50-1. Lateral femoral cutane-
ous neuropathy is more commonly seen in overweight 
individuals because of compression of the nerve (due to 
abdominal girth) when the thigh is fl exed in a seated 
position.

SYMPTOMS
Patients typically complain of lateral thigh pain and 
numbness. The numbness may be described as tingling 
or a decrease in sensation. The pain is often burning in 
quality but may be sharp, dull, or aching. The patient 
may also complain of an itching sensation. In some 
instances, there will be a precipitating event, such as a 
long car ride in which the patient was seated for a pro-
longed period, putting stress on the nerve. This is espe-
cially true in individuals who wear the seat belt snuggly. 
The patient should not complain of weakness in the 
lower extremities. The diagnosis requires a high index of 
suspicion by the evaluating clinician.

PHYSICAL EXAMINATION
Because the lateral femoral cutaneous nerve is purely sensory, 
the only fi nding typical of this condition is decreased sensa-
tion, which should be limited to an area of variable diameter 
in the lateral thigh. In adult men, the clinician may also 
see an area on the lateral thigh in which the hair has 
rubbed off. Palpation over the anterior superior iliac 
spine may exacerbate symptoms.

The physical examination is also used to exclude other 
possible causes of pain and weakness of the hip, thigh, 
and knee. The examination should include a complete 
neuromuscular evaluation of the low back, the hips, 
and the entire lower extremities. This should include 
inspection for asymmetry or atrophy, manual muscle 
testing, muscle stretch refl exes, and sensory testing for 
light touch and pinprick. In the case of lateral femoral 
cutaneous neuropathy, the clinician should not see 
muscle atrophy or asymmetry or weakness of lower ex-
tremities. Refl exes should remain intact.

FUNCTIONAL LIMITATIONS
Typically, there are no functional limitations because this 
injury is more an annoyance than truly disabling. No true 
weakness is seen, although prolonged standing and ex-
tension at the hip may exacerbate the pain and thus limit 

Synonyms
Meralgia paresthetica
Bernhardt-Roth syndrome

ICD-9 Codes
355.1 Meralgia paresthetica
355.8 Mononeuritis of lower limb, unspecifi ed
355.9 Mononeuritis of unspecifi ed site
782.0 Disturbance of skin sensation
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the patient in performing tasks such as standing and 
walking. The nerve may be further compressed and the 
symptoms exacerbated when the patient is seated, so 
long car or plane rides may be diffi cult. Similarly, indi-
viduals who are sedentary at work may experience pain-
ful symptoms that limit their ability to function.

DIAGNOSTIC STUDIES
History and physical examination are the most impor-
tant diagnostic tools, and all other testing should be used 
as an extension of these. Electromyography is the primary 
diagnostic tool and should include lateral femoral cuta-
neous sensory nerve conduction studies and needle elec-
tromyography of the lower extremity.2,3 Although routine 
lateral femoral cutaneous nerve conduction studies have 
standard normal values with which an individual’s study 
result can be compared, it is generally recommended to 
do comparison studies on the unaffected side, as the 
studies are technically diffi cult.3,6-8 The side-to-side am-
plitude ratio has been shown to be a better way to con-

fi rm the diagnosis.9 Shin and colleagues10 documented 
the utility of recording from two sites within the lateral 
femoral cutaneous dermatome. This technique facilitates 
use of a more realistic amplitude in the side-to-side com-
parison. Controversy exists in regard to the best site of 
stimulation of the lateral femoral cutaneous nerve. Clas-
sically, the stimulation electrode is placed 1 cm medial to 
the anterior superior iliac spine. More recently, a stimula-
tion site of 4 cm distal to the anterior superior iliac spine 
has been suggested as a means to obtain a more reliable 
response.11 The needle electromyography is done to rule 
out other pathologic processes, and the recording should 
be normal. Serial electromyographic studies may help 
with evaluation of the recovery process.

Somatosensory evoked potentials may also be used, but 
a study reported that sensory conduction studies are a 
more reliable method of evaluation of the lateral femo-
ral cutaneous nerve.12 Once the diagnosis is made, mag-
netic resonance imaging or computed tomography of 
the pelvis may be required to look for a mass causing 
impingement.

TREATMENT
Initial
Treatment of lateral femoral cutaneous neuropathy is 
focused on symptom relief and facilitation of nerve 
healing.

Lateral femoral 
cutaneous nerve 

FIGURE 50-1. The lateral femoral cutaneous nerve is purely sensory and 
innervates the anterolateral thigh.

TABLE 50-1  Causes of Lateral Femoral Cutaneous 
Neuropathy

Operative and postoperative complications and scarring
Retroperitoneal tumor
Retroperitoneal fi brosis
Spinal tumor
Infection
Pregnancy
Penetrating injury
Iliac bone graft
Pressure injury
Tight clothing
Seat belt
Obesity
Idiopathic

Differential Diagnosis

Lumbar radiculopathy

Lumbar polyradiculopathy

Lumbar plexopathy

Lumbar facet syndrome

Retroperitoneal mass

Femoral neuropathy
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Both early and late symptomatic relief of the pain and 
numbness is attempted with modalities and medica-
tions. Both heat and ice can be used. If an infl ammatory 
component is suspected, nonsteroidal anti-infl ammatory 
drugs or corticosteroids may be used. Narcotics are used 
when acetaminophen and anti-infl ammatory medica-
tions do not control the pain. Antiseizure medications, 
such as carbamazepine and gabapentin, are also of ben-
efi t in some individuals.

Facilitation of healing varies according to the cause of 
the injury to the nerve. For most individuals, this entails 
removal of the cause of the pressure over the anterior 
iliac region. The pressure may be caused by tight cloth-
ing, belts, seat belts, or excess weight. Elimination of the 
pressure may include weight loss or clothing adjust-
ment. Nerves that have sustained a less serious (neura-
praxic) injury often heal during hours to weeks once the 
irritant is removed. Nerves that have sustained a more 
severe injury (neurotmesis or axonotmesis) typically 
have a much longer healing course because of the time 
required for wallerian degeneration and regeneration. 
The use of anti-infl ammatory medications may also be 
of benefi t in the healing process.

Rehabilitation
Physical therapy may facilitate healing of the injured 
nerve. Gentle stretching of the anterior thigh and groin 
is indicated. The application of hot packs or ultrasound 
often facilitates the stretching process. Ice may be help-
ful when the patient continues to have swelling and 
infl ammation around the pelvic brim. In some indi-
viduals, a general conditioning program to help with 
weight loss may also be useful. A dietitian can assist the 
patient with weight loss. A skilled therapist may be able 
to use soft tissue mobilization to help free an impinged 
and infl amed nerve. Augmented soft tissue mobiliza-
tion is one of several techniques that may be useful. 
Electrical stimulation and transcutaneous nerve stimu-
lation may be helpful in reducing the perception of pain 
by the patient during therapy treatments. Transcutane-
ous electrical nerve stimulation can be used on a daily 
basis for pain control.

Procedures
When conservative treatment fails, injection of the 
nerve at or near the anterior superior iliac spine with 
steroids and local anesthetic may be helpful (Fig. 50-2). 
If the steroid injection is helpful but short lasting, the 
nerve can be injected with phenol or other neurotoxic 
agents as a last resort.

Under sterile conditions, the pelvis is palpated and 
the anterior superior iliac spine and inguinal ligament 
are identifi ed. A 25-gauge, 2-inch needle is placed 
perpendicular to the skin approximately 1 inch me-
dial to the anterior superior iliac spine and inferior to 
the inguinal ligament. The needle is advanced into the 
soft tissue approximately 1 inch (this depends on the 
patient’s size and amount of excess subcutaneous tis-
sue). At times, paresthesias may be elicited, thereby 

verifying needle placement; however, it is important 
not to inject directly into the nerve. Once the area 
to be injected is located, inject a 5- to 10-mL solution 
of local anesthetic and steroid (e.g., 2.5 mL of triam-
cinolone, 40 mg/mL, mixed with 2.5 mL of 0.5% bu-
pivacaine).

Postinjection care may include icing of the injected area 
for 10 to 15 minutes and counseling of the patient to 
avoid pressure on the nerve.

Surgery
In the case of lateral femoral cutaneous nerve injury 
due to impingement, surgery may be required to re-
move the pressure. Surgical removal of neuroma or 
neurectomy proximal to the neuroma may also be 
helpful if a neuroma is found. In individuals with se-
vere symptoms, neurolysis has been shown to result in 
a good outcome. This holds true even for individuals 
with prolonged symptoms. However, obesity has been 
associated with a poorer outcome when neurolysis is 
performed.13

POTENTIAL DISEASE COMPLICATIONS
Potential complications include continued pain and 
numbness despite treatment.

Anterior superior 
iliac spine 

Lateral femoral 
cutaneous nerve 

Inguinal ligament 

FIGURE 50-2. The nerve injection site for steroids and local anesthetic is 
at or near the anterior superior iliac spine.
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POTENTIAL TREATMENT 
COMPLICATIONS
Complications of treatment are well recognized. Each 
medication has potential adverse side effects. Non-
steroidal anti-infl ammatory drugs have the potential 
of gastric bleeding, decreased renal blood fl ow, and 
decreased platelet function. Cyclooxygenase 2 inhibi-
tors may have fewer gastric side effects. Narcotics have 
the potential for addiction and sedation. Carbamaze-
pine can cause sedation and aplastic anemia. The pa-
tient taking carbamazepine should be evaluated with 
serial complete blood counts. Gabapentin can cause 
sedation. The injection of the nerve also has potential 
risks, which include bleeding, infection, and worsen-
ing of the pain. The potential risks of surgical inter-
vention include bleeding, infection, and adverse reac-
tion to the anesthetic agent.
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Piriformis Syndrome 51
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DEFINITION
The piriformis muscle and sciatic nerve both exit the 
pelvis through the greater sciatic notch. Numerous ana-
tomic variations of this relationship have been well 
documented (Fig. 51-1). Cadaver studies have described 
the sciatic nerve passing below the piriformis muscle, 
through the muscle belly, as a divided nerve above and 
through the muscle, and as a divided nerve through and 
below the muscle.1,2 More recently, a case report of piri-
formis syndrome described a fi fth variation of an undi-
vided nerve passing above an undivided piriformis 
muscle.3 Yeoman4 was the fi rst to describe the relation-
ship of these two structures in 1928, and Robinson5 fi rst 
coined the term piriformis syndrome in 1947.

Piriformis syndrome describes a clinical situation whereby 
the piriformis muscle is compressing the sciatic nerve, 
resulting in a sciatic neuropathy. This may be an intrinsic 
injury to the piriformis muscle (primary syndrome) or a 
compression at the pelvic outlet (secondary syndrome).6

Although the anatomic relation of these two structures 
is well documented, this remains a controversial diag-
nosis. There is no consensus among clinicians on the 
validity of this entity and therefore no documentation 
of the incidence.7 Nevertheless, Goldner8 predicted an 
incidence of less than 1% in an orthopedic practice. The 
incidence is the same for men and women.

SYMPTOMS
The patient with piriformis syndrome will complain of 
buttock pain with or without radiation into the leg. This 
may be seen in chronic as well as in acute situations. 
Often, a history of minor trauma may be described, 

such as falling onto the buttock. Sitting on hard surfaces 
will exacerbate the symptoms of pain and occasional 
numbness and paresthesias without weakness. Activities 
that produce a motion of hip adduction and internal 
rotation, such as cross-country skiing and the overhead 
serve in tennis, may also exacerbate the symptoms.9,10

Because of the relationship of the piriformis muscle 
with the lateral pelvis wall, patients may also experience 
pain with bowel movements, and women may com-
plain of dyspareunia.11

PHYSICAL EXAMINATION
The physical examination will reveal normal neurologic 
fi ndings with symmetric strength and refl exes. Tenderness 
to palpation is experienced from the sacrum to the greater 
trochanter, representing the area of the piriformis mus-
cle.12 A palpable taut band is tender with both rectal and 
pelvic examination because the piriformis muscle sits in 
the deep pelvic fl oor.10 Passive hip abduction and internal 
rotation may compress the sciatic nerve, reproducing pain 
(a Freiberg sign). Contraction of the piriformis with resis-
tance to active hip external rotation and abduction may 
also reproduce pain or asymmetric weakness (a Pace 
sign).13 A positive result of the straight-leg test may also be 
appreciated.14 Rectal examination may be performed to 
palpate a taut band but is not recommended.

FUNCTIONAL LIMITATIONS
The patient with piriformis syndrome will experience 
pain with prolonged sitting and with activities that pro-
duce hip internal rotation and adduction. This may in-
clude cross-country skiing and one-legged motions, such 
as the overhead serve in tennis and the kicking motion 
in soccer. Sitting on hard surfaces such as benches, 
church pews, or wallets kept in a back pocket (“wallet 
neuritis”) may exacerbate symptoms.

DIAGNOSTIC TESTING
Piriformis syndrome is a clinical diagnosis. Magnetic 
resonance imaging and computed tomography are pri-
marily reserved to rule out other disorders associated 

Synonyms
Hip pocket neuropathy
Wallet neuritis

ICD-9 Code
719.45 Pain in joint, pelvic region, and thigh
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with sciatic neuropathy. A few case reports have demon-
strated hypertrophy of the piriformis muscle on both 
computed tomography and magnetic resonance imag-
ing.15 Electrodiagnostic testing may reveal a prolonged 
H refl ex in symptomatic cases.16 This was validated by 
demonstration of a prolongation of the H wave with 
hip fl exion, adduction, and internal rotation (the FAIR 
test) in symptomatic cases. Patients diagnosed with 
piriformis syndrome by this FAIR test demonstrated 
successful treatment outcomes with physical therapy and 
injections in 70% of the cases. Surgery was successful in 
recalcitrant cases directed at the piriformis.17 Electrodi-
agnosis is also helpful in differentiating piriformis syn-
drome from a lumbosacral radiculopathy.

TREATMENT
Initial
Nonsteroidal anti-infl ammatory drugs and analgesic 
medications are prescribed to reduce local prostaglandin-
mediated infl ammation, pain, and spasm.10 Judicious 

use of modalities such as heat therapy may be benefi cial 
to increase collagen distensibility and compliance with a 
physical therapy program. Avoidance of exacerbating ac-
tivities and use of soft cushions for prolonged sitting are 
also advocated initially.

Rehabilitation
The use of heat therapy such as ultrasound is followed 
by a gentle stretch of the piriformis muscle. The piri-
formis is stretched with hip internal rotation above 
90 degrees of hip fl exion and with external rotation 
below 90 degrees of hip fl exion.17 Strengthening of 
the hip abductors, in particular the gluteus medius, 
should be emphasized. This is performed with Thera-
Band around the ankles and walking sideways. The 
gluteus medius may also be isolated with lunges in a 
transverse and coronal plane. Correction of biome-
chanical imbalances that may predispose the individ-
ual to piriformis syndrome should also be initiated; 
these include increased pronation, hip abductor weak-
ness, lower lumbar spine dysfunction, sacroiliac joint 
hypomobility, and hamstring tightness.9,10 These im-
balances may lead to a gait with hip in external rota-
tion, shortened stride length, and functional leg length 
discrepancy.

Procedures
Recalcitrant cases may require a perisciatic injection of 
corticosteroid.14 An approach of 1 cm caudal and 2 cm 
lateral to the lower border of the sacroiliac joint corre-
lated to successful distribution in the sciatic nerve area 
confi rmed by fl uoroscopic guidance.18 Caudal epidural 
steroid injections to bathe the lower sacral nerve roots 
in corticosteroid has been described with mixed results. 
Injection of botulinum toxin type B (12,500 U) has 
also been reported. No single technique is universally 
accepted.

Surgery
Rarely, surgical release of the piriformis muscle is per-
formed to relieve the compression.12 Piriformis syn-
drome carries a favorable prognosis; most patients will 
respond to a nonoperative approach.9

POTENTIAL DISEASE COMPLICATIONS
This is a clinical diagnosis that is often overlooked. The 
primary complication is chronic sciatica.

POTENTIAL TREATMENT 
COMPLICATIONS
Bleeding and gastrointestinal and renal side effects of 
nonsteroidal anti-infl ammatory drugs are well docu-
mented. Complications of local corticosteroid injec-
tions include infection, hematoma or bleeding, and 
soft tissue atrophy at the site. Surgical techniques 

1

2

3

FIGURE 51-1. Three variations in the course of the sciatic nerve as 
related to the piriformis muscle. The sciatic nerve is shown above (3),
through (2), and below (1) the piriformis muscle.

Differential Diagnosis

Secondary causes of piriformis syndrome:

Superior and inferior gluteal artery aneurysm

Benign pelvic tumor

Endometriosis

Myositis ossifi cans

Diagnoses that mimic piriformis syndrome:

Lumbar facet syndrome

L5-S1 radiculopathy13
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must be careful to avoid inadvertent injury to the 
nerves in the buttock. The functional loss of section-
ing of the piriformis muscle is inconsequential as 
the other hip abductors may compensate for this 
movement.12,18
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Quadriceps Contusion 52
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DEFINITION
Muscle contusions and strains account for 90% of 
contact sport–related injuries.1,2 Quadriceps muscle 
contusions result from blunt trauma to the anterior 
thigh and are encountered most commonly in contact 
sports such as football, soccer, basketball, and wres-
tling; injury is caused by a direct hit from a helmet, 
shoulder pad, elbow, or knee. The acute trauma dam-
ages muscle tissue, causing hemorrhage and subse-
quent infl ammation. Quadriceps contusions are 
graded mild, moderate, or severe between 12 and 
24 hours. A mild contusion has more than 90 degrees 
of knee fl exion; moderate, between 45 and 90 degrees 
of knee fl exion; and severe, less than 45 degrees of 
knee fl exion.3

SYMPTOMS
Quadriceps contusions may not be immediately evi-
dent after the contact injury. Pain, swelling, and de-
creased range of motion of the knee, particularly fl ex-
ion, are seen within 24 hours. Symptoms may worsen 
with active muscle contraction and with passive 
stretch. Loss of knee range of motion can be the result 
of muscle and articular edema as well as of physio-
logic inhibition of the quadriceps muscle group and 
“splinting.” After injury, the quadriceps muscle group 
often becomes stiff, and the athlete may have diffi -
culty bearing weight on the affected extremity, result-
ing in an antalgic gait. Hemorrhage and resultant he-
matoma are described as either intermuscular or 
intramuscular.

PHYSICAL EXAMINATION
Visual inspection of quadriceps contusion shows a 
variable amount of swelling and discoloration over 
the anterior thigh due to hematoma formation and 
intramuscular bleeding. Pain of varying intensity is 
present on palpation of the quadriceps muscle group. 
A fi rm palpable mass may be noted in the anterior 
thigh and is usually due to hematoma formation; if 
the hematoma formation is large, a knee effusion may 
also be present. Bone incongruity and tenderness may 
indicate fracture of the femur, patella, or tibial pla-
teau. Check for the presence of distal pulses and capil-
lary refi ll and assess range of motion of adjacent joints 
to be sure that the injury is localized to the anterior 
thigh.

Evaluation of range of motion reveals decreased knee 
fl exion, especially past 90 degrees; knee extension will 
be less painful than fl exion.4 Extension lag or complete 
lack of extension is noted in partial or complete quad-
riceps rupture. With quadriceps tendon rupture, a pal-
pable defect may be present. Quadriceps rupture is a 
relatively rare injury more common in patients older 
than 50 years, and it is typically associated with under-
lying metabolic or infl ammatory disease.5 Muscle 
stretch refl exes of the patellar tendon may be inhib-
ited, and serial measurements of thigh circumferences 
should be made during the initial 24- to 72-hour 
postinjury period to assess for possible compartment 
syndrome. Paresthesias, loss of pulses, distal pallor, 
intense pain, and decreased temperature should alert 
the clinician to consider this diagnosis. See Chapter 58 
for more information. Sensory testing should include 
the femoral and saphenous nerve distribution of the 
distal leg.

An intermuscular hematoma with septal or fascial 
sheath hemorrhage may be more likely to disperse and 
to result in distal ecchymosis. If the contusion is in the 
distal third of the quadriceps, discoloration and swell-
ing will often track into the knee region because of grav-
ity. An intramuscular hematoma may resolve more 
slowly and be associated with myositis ossifi cans and 
scar contracture.

Synonym
Traumatic quadriceps strain

ICD-9 Codes
924.00 Contusion of lower limb (thigh)
924.9  Contusion of lower limb (unspecifi ed site)
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FUNCTIONAL LIMITATIONS
Initially, gait will be antalgic and weight bearing diffi cult 
on the involved extremity. Rehabilitation typically oc-
curs in three phases. In the fi rst phase (fi rst 24 hours), 
pain usually limits activity, and the patient may require 
crutches.6 During a period of days to weeks, running and 
“kicking” activities will be limited secondary to knee 
stiffness and pain associated with terminal knee fl exion 
and extension. Most patients recover uneventfully.

DIAGNOSTIC STUDIES
Plain radiographs are initially obtained in moderate to 
severe quadriceps contusions to rule out a coexisting 
fracture. Magnetic resonance imaging is the diagnostic 
imaging study of choice and allows visualization of the 
involved quadriceps muscles. Resolution of the injury, 
as detected by magnetic resonance imaging, lags behind 
functional recovery.7 Ultrasonography may be helpful if 
tendon injury is suspected.8 Nuclear bone scan may be 
ordered in the days to weeks after injury to assess for the 
development of myositis ossifi cans traumatica, hetero-
topic bone formation that may develop in up to 20% of 
injuries. Bone scans are more sensitive than plain fi lms 
for detection of heterotopic bone formation and can be 
useful in monitoring its resolution. Suspicion of com-
partment syndrome warrants consideration of intra-
compartmental pressure monitoring, although conser-
vative management in cases without concomitant 
fracture has been reported.7,9 Compartment syndrome 
may be more likely in a patient with associated fracture 
or suspected large-vessel injury. For severe contusions or 
in a patient who appears ill, laboratory work is indi-
cated, including creatine kinase activity, hematocrit de-
termination, and possibly coagulation studies.10

TREATMENT
Initial
Immediately, the patient should cease activity. The knee 
is gently elevated and fl exed to 120 degrees, and ice is 
applied to the anterior thigh (for 20 minutes at a time 
every 2 or 3 hours). An elastic bandage should be placed 

around the injured leg and thigh and gentle compres-
sion applied to reduce hematoma formation. If the in-
jury is mild, icing is repeated for 2 or 3 days; the patient 
should ambulate with crutches, either non–weight bear-
ing or partial weight bearing. In between icing, a thigh 
pad is applied. Temporary bed rest may be appropriate 
if the injury is severe. However, rehabilitation should be 
aggressive to the limit of pain tolerance. Avoid massage 
for the fi rst 1 to 2 weeks after injury to lessen the chance 
of additional hemorrhage. Whirlpool, heat, and ultra-
sound modalities are avoided for the same reason until 
the edema stabilizes. If edema persists or becomes se-
vere or warning signs of compartment syndrome de-
velop, surgical referral is made to evaluate the possibil-
ity of compartment syndrome or ongoing hemorrhage. 
Needle aspiration of a formed hematoma may be indi-
cated to relieve pressure and pain.11

Determination of the appropriate time to progress the 
amount of activity performed and readiness for return 
to activity is important for recovery from injury. Animal 
models of muscle contusion suggest that continued 
use of the extremity promotes circulation and venous 
drainage, minimizing postinjury swelling. Because of 
the risk of hematoma formation, nonsteroidal anti-
infl ammatory drugs (NSAIDs) are avoided in the fi rst 
24 hours after injury. The role of NSAIDs in the treat-
ment of muscle injuries is unclear because infl amma-
tory cells are an important part of clearing away 
necrotic muscle followed by the regeneration and scar 
formation phase, leading to the question of whether 
NSAIDs help or delay the healing process.12 The in-
fl ammatory response may be a necessary phase in soft 
tissue healing. Clinically, NSAIDs are used, but alterna-
tive analgesics like acetaminophen may be considered. 
However, in the animal model of quadriceps contu-
sion, continued use of the contused muscle was more 
predictive of recovery than whether the animal received 
acetaminophen or NSAIDs.12 Steroids should be 
avoided.1 Medication use should facilitate continued 
rehabilitation and tolerance of activity progression.

Rehabilitation
Rehabilitation consists of three phases. The goals of the 
fi rst phase are to limit bleeding, to immobilize the knee 
in full fl exion, to elevate the leg for 24 hours, and to 
prescribe relative rest; excessive activity or alcohol inges-
tion, which could aggravate the injury, is avoided. Phase 
two involves restoration of motion, modalities, and re-
turn to weight bearing. Crutches and partial weight 
bearing are used during immobilization and until the 
patient has at least 90 degrees of knee fl exion, good 
quadriceps control, and limited limp. After 48 hours 
from the injury and for the next 2 to 5 days, test range 
of motion with the patient in the prone position. Per-
form knee fl exion exercises in the “pain-free range” with 
associated hip fl exion. This can be followed with active-
assisted range of motion exercises. It is important to 
avoid forced stretching because this may aggravate the 
injury and slow healing. Static quadriceps exercises 
can be instituted. Animal models of muscle contusion 

Differential Diagnosis

Quadriceps tear or strain

Quadriceps tendon rupture

Soft tissue tumors

Compartment syndrome

Fracture of femur, patella, or tibial plateau

Referred pain from hip or knee

Metabolic abnormalities leading to tendon injuries 
(hypocalcemia, steroid use)
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demonstrate that early mobilization increases tensile 
strength of muscle compared with immobilization.13

Proprioceptive neuromuscular facilitation exercises us-
ing reciprocal inhibition of the quadriceps and ham-
strings can be done as well.14 Modalities may include 
pulsed ultrasound or high-velocity galvanic stimulation, 
with continuous pulses of 80 to 120 per second, at the 
patient’s level of sensory perception for 20- to 25-minute 
periods. Interferential electrical stimulation may assist in 
further edema resolution, but both ultrasound and elec-
trical stimulation should be used once edema has stabi-
lized. Cautious use of ultrasound can help increase 
blood resorption.14 Cold compression may be useful.

Phase three starts when the patient has 120 degrees of 
pain-free range of motion and excellent quadriceps con-
trol. Noncontact sports may be resumed at this point, 
along with active knee range of motion, progressive re-
sistive exercises, and cycling. Pain-free knee range of 
motion within 10 degrees of the unaffected extremity 
should be the goal before return to activity is consid-
ered. Jumping, springing, and cutting activities should 
be incorporated into the rehabilitation program, at 
which point functional testing to assess safe return to 
activity can be done. A protective pad larger than the 
original contusion should be worn during play for 3 to 
6 months after injury. Most quadriceps contusions re-
solve within a few weeks, and complications are rare.

If the patient does not have painless, full range of mo-
tion 3 to 4 weeks after injury, radiographic imaging 
should be performed to detect whether myositis ossifi -
cans is present. Time to return to activity is variable and 
depends on severity of injury; full recovery is expected 
in severe contusions by 5 to 8 weeks.

Procedures
On occasion, needle aspiration of a formed hematoma 
is performed to alleviate pressure and pain.

Surgery
Surgery is rarely indicated with these injuries, except in 
association with a concomitant compartment syndrome 
or fracture. Untreated compartment syndrome may lead 
to muscle necrosis, fi brosis, scarring, and contractures. 
However, even in severe quadriceps muscle contusion, 
there is some indication that treatment should be con-
servative with pain management and maintenance of 
knee range of motion.7

POTENTIAL DISEASE COMPLICATIONS
If the quadriceps region becomes extremely warm with 
marked increased edema and the patient complains of 
paresthesias with abnormal fi ndings on neurovascular 
examination and signifi cant quadriceps weakness, con-
sideration must be given to the development of a poten-
tial compartment syndrome. A case of osteomyelitis has 
been reported in an otherwise healthy athlete who sus-
tained a quadriceps contusion.15

Myositis ossifi cans traumatica usually stabilizes and is 
resorbed spontaneously by 6 months after injury with 
conservative care.16 Plain fi lms may show ectopic bone 
formation 2 to 4 weeks after injury; the most common 
location is in the midshaft of the femur. Serial bone 
scans can be performed to monitor resolution of ec-
topic bone in a symptomatic athlete. Surgical removal 
of ectopic bone is rarely indicated and should not be 
performed for at least 12 months after injury to allow 
adequate maturation; this is to prevent enlargement of 
ectopic bone and recurrence.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and NSAIDs have well-known side effects 
that most commonly affect the gastric, hepatic, and re-
nal systems. Avoid vigorous soft tissue massage and 
passive stretch in the acute postinjury period to prevent 
further bleeding and hematoma formation (this occurs 
frequently in a fi eld setting after hamstring injury).
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Total Hip Replacement 53
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DEFINITION
Arthroplasty, commonly called joint replacement, in-
volves the reconstruction of a diseased, damaged, or 
ankylosed joint by natural modifi cation or artifi cial ma-
terials. The most common causes of adult hip disease 
are osteoarthritis, rheumatoid arthritis, avascular necro-
sis, post-traumatic degenerative joint disease, congenital 
hip disease, and infectious diseases within the joint or 
adjacent bone. The modern era of hip joint replacement 
began in the late 1960s when Sir John Charnley com-
bined a stainless steel femoral component with a poly-
ethylene socket fi xed to the adjacent bone with poly-
methyl methacrylate. Since that time, arthroplasty of the 
hip joint has become an accepted and standard treat-
ment of common adult hip joint disease. Modern hip 
arthroplasty surgery has resulted in the restoration of 
pain-free motion and improved quality of life for mil-
lions.1 Joint arthroplasty has become the most common 
elective surgical procedure performed in the United 
States; annually, there are more than 200,000 hip re-
placements. If one includes partial hip replacements 
and revision arthroplasty along with unclassifi ed hip 
arthroplasties, the fi gure increases to more than 350,000 

hip surgeries per year. Statistics from 1990 through 
2003 show a dramatic increase in yearly hip arthro-
plasty in the new millennium.2

The primary indications for total hip arthroplasty 
(THA) include progressive pain and dysfunction or a 
decline in mobility, self-care, and daily living activities 
despite conservative treatment. Relative contraindica-
tions include active or recent joint infection, neuro-
trophic joints, inability of the patient to cooperate in 
the immediate postoperative period or with the reha-
bilitation program after joint implantation, serious 
comorbid medical conditions that result in a higher 
surgical risk or compromised postoperative medical 
status, rapidly progressive or terminal cancer with 
shortened survival or severe debility, and severe nutri-
tional depletion that jeopardizes postoperative wound 
healing.

A survey of the opinions of orthopedic surgeons about 
indications for THA found no clear consensus. Most 
surgeons required severe pain on a daily basis, rest pain 
several days per week, and destruction of most of the 
joint space on a radiograph. Younger age, comorbidity, 
technical diffi culties, and lack of motivation also fac-
tored in the decision against surgery, whereas the desire 
to return to work and an independent lifestyle swayed 
the decision for surgery.3

SYMPTOMS
The primary symptom of hip disease is groin pain and 
occasionally pain that radiates to the knee. Lateral 
proximal thigh pain in the region of the greater tro-
chanter is usually not an indicator of hip joint disease. 
Pain in this location typically refl ects local muscle or 
bursal infl ammation or is referred from the pelvis or 
lumbosacral spine. The primary sign of hip disease is 
a gait disturbance, such as limp. Patients may com-
plain of diffi culty in walking because of pain, limp, or 
both. Numbness and paresthesias should be absent; 
but if they are present, they suggest an alternative di-
agnosis (e.g., lumbar radiculopathy). Patients with 
hip osteoarthritis often complain of morning stiffness 
or stiffness after sitting and have diffi culty with stair 
climbing.

Synonyms
Total hip replacement
Bipolar hemiarthroplasty
Unipolar hemiarthroplasty
Revision arthroplasty
Austin Moore endoprosthesis
Birmingham hip resurfacing

ICD-9 Codes
715.95 Osteoarthritis, hip
733.42 Aseptic necrosis of bone, head and neck of femur
820.09  Fracture of neck of femur, other (head of femur, 

subcapital)
820.8   Fracture of neck of femur, unspecifi ed part of neck 

femur, closed
835.00 Dislocation of hip
996.59 Loosening of total hip replacement
V43.64 Total hip replacement
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PHYSICAL EXAMINATION
Candidates for THA are likely to have antalgic (painful) 
gait patterns representing a combination of pain that 
inhibits motion, structural loss of joint motion, and 
weakness. Hip pain or weakness of the hip abductors 
results in contralateral pelvic tilt or drop (Trendelen-
burg sign) with ipsilateral weight bearing (Fig. 53-1). 

Passive hip range of motion usually demonstrates sig-
nifi cant loss of rotation and moderate loss of abduction 
and fl exion of the involved hip. End ranges of motion 
are often painful. The manual muscle examination 
demonstrates mild to moderate weakness of hip fl exion, 
abduction, and extension. Hip weakness is not true 
weakness but represents a disuse weakness usually as-
sociated with pain and decreased mobility. Function-
ally, it may be diffi cult for the affected individual to rise 
from a low seat, to cross the affected leg, and to reach 
the affected foot. A hip fl exion contracture may be ob-
served with the Thomas test (Fig. 53-2), and accentu-
ated lumbar lordosis may be seen in those with a hip 
fl exion contracture, which may result in secondary me-
chanical low back pain due to alteration of normal 
spine mechanics. Neurologic examination fi ndings are 
typically normal, except for hip girdle weakness due to 
guarding or disuse.

FUNCTIONAL LIMITATIONS
Functional limitations from severe hip disease include 
diffi culty in walking and with all mobility, even rising 
from a seated position, because of pain and weakness. 
This may affect a patient’s ability to dress, to bathe, to 
perform household chores, to participate in recreational 
activities, and to work outside the home.

DIAGNOSTIC STUDIES
Plain radiography remains the primary imaging tool for 
evaluation of the person with hip disease. On radio-
graphic examination, signifi cant loss of joint cartilage as 
demonstrated by joint space narrowing, joint incongruity, 
osteophyte formation, subchondral cysts, and sclerosis 

Negative Positive 

FIGURE 53-1. Trendelenburg sign. (Reprinted with permission from 
Goldstein B, Chavez F. Applied anatomy of the lower extremities. Phys 
Med Rehabil State Art Rev 1996;10:601-630.)

FIGURE 53-2. Thomas test to assess a hip fl exion contracture. The patient lies supine while the clinician fl exes one of the patient’s hips, bringing the 
knee to the chest to fl atten the lumbar spine. The patient holds the fl exed knee and hip against the chest. If there is a fl exion contracture of the hip, 
the patient’s other leg will rise off the table.
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are seen in individuals who are candidates for THA 
(Fig. 53-3). In patients thought to have a dislocation after 
THA, radiographs should be obtained urgently because a 
true dislocation must be relocated expediently (Fig. 53-4). 
Plain radiographs are also obtained in patients thought to 
have prosthetic loosening (Fig. 53-5).

On occasion, a bone scan may be needed to rule out an 
occult femoral neck fracture, infection, or other bone 
disorder. Magnetic resonance imaging is often useful in 
assessment for avascular necrosis as the cause of hip 
pain.4,5 Postoperative limb swelling should trigger deep 
venous thrombosis surveillance screening with venous 
ultrasonography and Doppler wave signal analysis 
(commonly referred to as duplex scanning). Minor calf 
clots are observed by repeated study within 7 days to 
evaluate for propagation.

Laboratory parameters should be monitored for ane-
mia and metabolic abnormalities. Wound cultures are 
performed only in patients with atypical drainage or 
erythema at the operative site.

TREATMENT
Initial
On the day of surgery, the patient often receives peri-
operative prophylactic antibiotics, autologous blood 
transfusions for blood loss–induced anemia, and pain 

Differential Diagnosis

Prosthetic loosening

Periprosthetic fracture

Infection

Component failure

FIGURE 53-3. AP pelvis radiograph showing moderate to severe degen-
erative changes of the hips. Notice the sclerotic changes at the acetabu-
lar and femoral heads. Note the loss of joint space, especially inferiorly, 
and osteophytes. 

FIGURE 53-4. Total hip replacement—dislocation. The femur has dislo-
cated superiorly and laterally relative to the acetabulum. This dislocation 
is due to abnormal (vertical) position of the acetabular cup that occurred 
from loosening (see widened cement-bone interface). (Reprinted with 
permission from Katz DS, Math KR, Groskin SA. Radiology Secrets. 
Philadelphia, Hanley & Belfus, 1998:317.)

c

FIGURE 53-5. Total hip replacement—loose femoral component. There 
is a wide area of lucency between the opaque cement (C) and the adja-
cent bone at the medial aspect of the proximal femur in addition to the 
area of lucency at the metal-bone interface surrounding the acetabular 
prosthesis. These were new fi ndings indicative of loosening of both com-
ponents. (Reprinted with permission from Katz DS, Math KR, Groskin SA. 
Radiology Secrets. Philadelphia, Hanley & Belfus, 1998:317.)
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control with narcotics (delivered orally, intravenously, 
or by a patient-controlled analgesia pump). Within 
24 hours postoperatively, to prevent deep venous 
thrombosis, a regimen of pharmacologic treatment 
(usually a vitamin K antagonist, a low-molecular-
weight heparin, or fondaparinux) and mechanical 
compression with antithrombotic calf pumps begins. 
If the patient’s condition is stable, the patient is ready 
for discharge from the acute care hospital by the third 
or fourth postoperative day.6 By that time, surgical 
drains have been removed, all perioperative antibiotics 
have ceased, transfusion therapy has concluded, and 
the patient-controlled analgesia pump has been dis-
continued in favor of oral analgesic medications. Out-
patient, inpatient, or home rehabilitation typically 
ensues. Adequate pain management must be continu-
ally reevaluated as the patient progresses through post-
operative rehabilitation and recovery. Long-acting oral 
narcotics combined with rescue doses of immediate-
release narcotics 30 to 60 minutes before a therapy 
session work well. Thereafter, non-narcotic analgesics 
and nonsteroidal anti-infl ammatory drugs can be used 
for pain control if necessary.

Careful attention is given to treatment of anemia be-
cause patients with adequate hemoglobin levels gener-
ally tolerate activity well and progress in rehabilitation 
more readily than do those with low hemoglobin levels. 
Adequate nutrition, iron supplements, vitamins, and, if 
needed, erythropoietin can be used. Blood transfusions 
may be necessary if the hemoglobin level continues to 
drift downward and there is concern of hemodynamic 
instability or if the patient becomes symptomatic with 
lightheadedness or delirium. Patients with coronary ar-
tery disease should be transfused to a hemoglobin level 
above 10 g/dL.

It is also essential to monitor for deep venous thrombo-
sis, which can occur at the time of surgery or any time 
within the fi rst 6 weeks after surgery. The incidence of 
deep venous thrombosis after total hip implantation 
without prophylactic anticoagulation is 40% to 70%; 
the incidence of proximal clot (defi ned as any thrombo-
sis in the popliteal vein or more proximal) is between 
10% and 20%; and the incidence of fatal pulmonary 
embolism is between 0.5% and 5%.7-10 Prophylaxis 
with warfarin (keeping the international normalized 
ratio between 2 and 3) is ideal. However, many ortho-
pedic surgeons are concerned about bleeding complica-
tions and prefer an international normalized ratio of 
1.8 to 2.0. Another accepted prophylactic agent is 
enoxaparin at a dose of 30 mg subcutaneously every 
12 hours.11-13 Propagating calf clots may be treated with 
full anticoagulation for 6 weeks to 3 months. Major 
proximal deep venous thrombosis is defi nitively treated 
with full anticoagulation for 3 to 6 months.

In the absence of deep venous thrombosis, edema is 
common after hip arthroplasty from a combination of 
disruption of local lymphatic drainage around the hip, 
dissection of blood and fl uids through tissue planes, and 
loss of the local muscle pump due to pain inhibition. 

Elevation and compression are the mainstays of treat-
ment. More severe swelling may require transient di-
uretic therapy and more aggressive compression wraps.

Wound care of the incision line is accomplished 
with dry sterile dressing changes once or twice a day. 
Once wound drainage ceases, a dressing is no longer 
essential. Painting the incision with povidone-iodine 
(Betadine) provides a drying effect and reduces cutane-
ous bacterial fl ora; then a nonstick gauze is applied. 
Tape burns around the surgical incision are a common 
problem and are treated with a hydrogel pad such as 
DuoDerm for approximately 1 week. Serous drainage 
without signs of erythema or induration is usually 
commonplace for 3 to 4 days postoperatively, but per-
sistent drainage deserves oral prophylactic antibiotics 
to prevent secondary infection. Surgical clips are rou-
tinely left in place for 12 to 14 days and then removed, 
at which point the wound is reinforced with Steri-
Strips. If the incision develops erythema around the 
staples, they are removed sooner. More serious wound 
problems should be communicated to the operative 
surgeon for collaboration on additional management 
including cultures, antibiotics, and more invasive inter-
vention if necessary.

Rehabilitation
Hip precautions should be followed and are taught to 
patients to minimize the possibility of hip dislocation. 
Patients with weak periarticular tissues, revision surger-
ies, or previous dislocations are at the highest risk for a 
dislocation, which is greatest during the fi rst postopera-
tive week. Most surgeons use a posterolateral approach 
to the hip joint and dislocate the joint by hyperfl exion, 
adduction, and internal rotation. After hip replacement, 
that combination of movements may increase the risk 
of dislocation. Therefore, an abduction pillow or wedge 
is placed between the legs to maintain safe alignment. 
Patients are taught not to reach forward by fl exing at the 
hip. Alternatively, adaptive equipment such as sock 
aids, reachers, and dressing sticks are used to perform 
lower body self-care. Similarly, high toilet seats and tub 
benches for bathing serve to prevent hip fl exion beyond 
90 degrees.

A hip dislocation is not subtle and should be suspected 
if the patient cannot endure weight bearing, the limb is 
acutely shortened or externally rotated, or the patient is 
intolerant of gentle hip motion because of excessive 
pain. A dislocation often results in a signifi cant func-
tional setback as the patient is often more cautious and 
fearful of performing activities of daily living and mo-
bility training. If an abduction hip brace is ordered to 
prevent recurrent dislocation, this must be worn at all 
times and severely restricts motion, mobility, and toilet-
ing ability. There is little information in the literature to 
guide the duration of hip precautions. It is probably 
wise to enforce strict precautions for 6 weeks.

Rarely, a signifi cant leg length discrepancy (3/4 inch or 
more) may require a lift. Most cases result from pelvic 
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obliquity from muscle imbalances or hip contractures 
(such as adductor tightness) and can be ameliorated 
with ongoing therapy.14

A typical total hip replacement clinical pathway or pro-
tocol for inpatient rehabilitation is now a 7- to 10-day 
program.15 Most patients successfully complete this 
pathway, provided there are no major medical compli-
cations (Table 53-1). Many published sources outline 
the benefi ts as well as the elements of the total hip re-
placement clinical pathway.16-18 There is also a shift 
toward rapid discharge to home from acute care with 
an outpatient rehabilitation program, especially in the 
era of minimally invasive surgery.19 Individuals who 
undergo THA revision surgery have a more diffi cult 
postoperative rehabilitation experience; they often 
show less progress in functional independence mea-
sures, longer rehabilitation length of stay, and greater 
hospital charges compared with primary hip replace-
ment surgery. These differences in outcomes are even 
more pronounced if an infected prosthesis is the cause 
of the revision arthroplasty.20

Therapeutic exercises to improve hip and knee mobility 
and strength begin on the fi rst day of the rehabilitation 
program and continue daily thereafter. Ankle pumps, 
heel slides, gluteal squeezes, and quadriceps setting ex-
ercises are taught.21 The therapy staff undertakes daily 
review of hip precautions, proper bed mobility, and bed 
transfers. By the third postoperative day, the patient 
should be able to tolerate 2 to 3 hours of therapy a day 
unless severe anemia or other medical problems result 
in further functional limitations. Active-assisted range 
of motion and strengthening exercises are progressed as 
tolerated. Strengthening of hip abductors is important, 
but caution must be taken to avoid overly aggressive 
abductor strengthening if a trochanteric osteotomy has 
been performed.

Activities of daily living are assessed, and each individ-
ual’s unique needs and goals drive the specifi c, individ-
ualized plan of care and treatments given. For instance, 
a patient may have assistance from a spouse or other 
family member at home to help don and doff shoes and 
socks. Therefore, it may not be reasonable or necessary 
to teach the use of a sock aid or long-handled shoehorn 
for lower body dressing. Upper and lower body bathing 
and dressing within hip and weight-bearing precautions 
are essential components of the rehabilitation program. 
Appropriate adaptive equipment is provided. Bathroom 
transfers and kitchen activities are also incorporated 
into the rehabilitation program. Often, raised toilet 
seats or commodes and tub transfer benches are helpful 
and necessary to prevent excessive hip fl exion in the sit-
ting position.

Early protected ambulation progresses toward indepen-
dent mobility as tolerated on the basis of the individu-
al’s response and weight-bearing restrictions. Weight-
bearing aids (walkers, crutches, armrests) are used 
during all phases of mobility training. Progressive stair 
climbing is pursued until the patient is safe with or 
without standby assistance.

Discharge planning to the next level of care, including 
durable medical equipment, medical follow-up, and 
follow-up rehabilitation services (either in the home or 
in the community), must be communicated to the pa-
tient and family.

Most patients should be able to ambulate community 
distances, initially with a walker or a cane, and then ad-
vance to ambulation without an assistive device or return 
to their presurgical baseline within 4 to 12 weeks after hip 
arthroplasty. The rate of advancement in gait training is 
usually limited by the weight-bearing status established at 
the time of surgery. Most people are able to return to ac-
tivities such as dancing, low-impact sports, and presurgi-
cal exercise regimens within 12 weeks.22 Elderly, less active 
patients should also be able to return to their baseline 
level of function and in many instances progress to higher 
levels of activity that had been limited by pain before 
surgery.23,24 Activities such as cycling, golfi ng, and bowling 
after THA should be encouraged, whereas running, jog-
ging, water-skiing, cross-country skiing, football, baseball, 
handball, hockey, karate, soccer, and racket sports (activi-
ties that result in high stress or torque through the femur) 
should be minimized or avoided.25,26

Procedures
Wound care, staple removal, and Steri-Strip application 
are typically performed after THA.

Surgery
There are three common types of hip arthroplasty com-
ponents: unipolar endoprosthesis, bipolar endoprosthe-
sis, and true total hip (separate femoral and acetabular) 
components. The unipolar implant (Moore endopros-
thesis or Austin Moore endoprosthesis) is a single, 

TABLE 53-1  Goals of Rehabilitation after Total Hip 
Arthroplasty

Successful postoperative pain management

Maintain medical stability

Achieve successful surgical incision healing

Guard against dislocation of the implant

Prevent bed rest hazards (e.g., thrombophlebitis, pulmonary 
embolism, decubiti, pneumonia)

Obtain pain-free range of motion within precaution limits

Strengthen hip and knee musculature

Gain functional strength

Teach transfers and ambulation with assistive devices

Successful progression to prior living situation

Modifi ed from Cameron H, Brotzman SB, Boolos M. Rehabilitation after 
total joint arthroplasty. In Brotzman SB, ed. Clinical Orthopaedic 
Rehabilitation. St. Louis, Mosby, 1996:284-311.
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machined metal alloy component comprising a femoral 
stem, neck, and head. The implant head articulates with 
native acetabular cartilage. This type of prosthesis often 
fi nds use in the minimally mobile elderly patient who 
sustains an intracapsular (subcapital) displaced femoral 
neck fracture. The bipolar endoprosthesis includes a pol-
ished metal alloy acetabular component that is ana-
tomically matched to the patient’s acetabulum to pro-
vide surface bearing (Fig. 53-6). Within this large 
spherical head sits a polyethylene liner into which the 
femoral component is snap fi t. This creates an outer 
bearing interface between the implant and the native 
acetabulum and an inner bearing interface between the 
polyethylene liner and the femoral component. This 
design principle theoretically reduces motion at the na-
tive acetabulum (cartilage-metal interface) by increasing 
motion within the movable prosthetic parts, thereby re-
ducing stress, wear, or erosion of the acetabular cartilage. 
It can be used instead of the simpler unipolar (Moore) 
prosthesis for the same indications. It may also be used 
for revision arthroplasty. The THA components include 
a femoral stem (in various sizes and shapes), a femoral 
neck (in various angles and lengths), a femoral head, 
and an acetabular shell or cup with a polyethylene liner 
of various sizes and inclinations (Fig. 53-7). This allows 
resurfacing of both sides of the hip joint and allows the 
highest degree of “customization” for each individual. It 
is the most complex device of the three to insert properly 
but is used most commonly.

Surgical technique is beyond the scope of this text. 
However, the rehabilitation will be affected by the two 
common fi xation techniques: cemented and cement-
less or press fi t. In general, the cemented technique is 
used only on the femoral component. After a cement 
restrictor plug is placed in the distal femoral canal, 
polymethyl methacrylate cement is freshly made and 
inserted into the femoral canal by pressurized cement-
ing technique. Insertion of the femoral stem creates an 

intimate fi t of the prosthesis to the intramedullary 
canal with a small circumferential cement mantle. 
Cement polymerization rigidly fi xates the femoral 
component. A press-fi t femoral component usually 
employs porous surface coating to allow bone ingrowth 
and stability. The press-fi t technique is most commonly 
used in the younger, more active patient. Frequently, 
the patient with a cemented prosthesis is allowed to 
bear weight as tolerated immediately, whereas the indi-
vidual with a noncemented press-fi t prosthesis often 
must wait for 6 to 8 weeks before fully bearing weight 
to allow stability by bone ingrowth.

In most instances, the acetabular cup is press fi t. Porous 
coating components have given excellent clinical re-
sults, whereas nonporous coated acetabular implants 
have proved unsatisfactory. One or two screws may be 
placed for added stability. If a trochanteric osteotomy is 
performed during the surgery, hip abduction resistance 
exercises are usually restricted.

Two newer THA surgical techniques are now or soon 
will be available to the younger, more active popula-
tion.27,28 The fi rst, often referred to as the mini–hip 
replacement, is a standard THA done with minimally 
invasive surgical technique. Requiring two small hip 
incisions, the surgery causes much less soft tissue and 
muscle trauma and results in early hospital discharge 
to home, less blood loss, and quicker return to full 

Stem

Neck

Femoral head

Polyethylene liner

Acetabular shell

Longevity
highly cross-linked

polyethylene surface

Unassembled Total Hip

FIGURE 53-7. The components of a total hip replacement.

FIGURE 53-6. The components of a bipolar endoprosthesis.
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activities. The second, called the Birmingham Hip 
Resurfacing System, is designed to resurface the socket 
and the femoral head with minimal bone removal 
(Fig. 53-8). It uses a metal on metal construct for end 
bearing. In addition to activity advantages, it may also 
increase prosthetic longevity and decrease the risk of 
perioperative thromboembolic disease.

POTENTIAL DISEASE 
COMPLICATIONS
Pain and functional limitations, including gait devia-
tions and demonstrable hip girdle weakness, may 
persist past the immediate postoperative period 
(12 weeks). A body of literature suggests that many 
individuals can benefi t from longer rehabilitation 
programs that address those impairments.29,30 The 
short-term prognosis for modern cemented or unce-
mented THA is excellent.31,32 The long-term prognosis 
remains good to excellent in most cases.33,34 A general 
rule of thumb suggests that a total hip implant should 
last 10 to 15 years. Lower levels of daily activity often 
result in an extended life expectancy of the prosthetic 
components, whereas increased activity may lead to 
earlier wear and loosening.

Common physical impairments after THA include de-
creased muscle strength, limited hip range of motion, 
limited fl exibility, and abnormalities of gait. Hip joint 
weakness has been shown to persist at 2 years after sur-
gery, indicating a need for prolonged exercise. Current 
data suggest that THA patients continue to experience 
physical and functional limitations lasting at least 
1 year postoperatively. Therefore, it is reasonable to 
have patients continue with therapeutic exercises to 
address these limitations well beyond the early recovery 
period (fi rst 12 weeks).35,36
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Trochanteric Bursitis 54
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DEFINITION
Trochanteric bursitis is a common cause of pain over the 
lateral aspect of the hip. Its peak incidence is between 
the fourth and sixth decades of life; it occurs four times 
more frequently in women than in men, which may be 
due to gender differences in lower limb biomechanics.1,2

It may be associated with trauma after contusions from 
falls, but it is often due to repetitive microtrauma to the 
soft tissue structures around the greater trochanter of the 
femur.3 It has been suggested that gluteal tendon degen-
eration and tears at the greater trochanter attachment 
induce infl ammation in the bursae.4 Trochanteric bursi-
tis is also seen after hip surgery, especially in osteoto-
mies, as a result of either the subcutaneous position of 
the implant on the greater trochanter or postoperative 
hip abductor weakness.5 Less common causes are infec-
tion6,7 and rheumatoid arthritis.8 Other contributing 
factors include hip abductor–external rotator weakness 
from other causes, hip osteoarthritis, lumbar spondylo-
sis, obesity, leg length discrepancies, and iliotibial band 
tightness.9 Alteration of gait pattern due to back pain 
may also be a cause.

Three main bursae surround the greater trochanter of 
the femur: the subgluteal maximus, medius, and mini-
mus bursae.10 Figure 54-1 illustrates the bursae around 
the greater trochanter of the femur. The subgluteus 
maximus bursa is the largest bursa that lies lateral to the 
greater trochanter and beneath the gluteus maximus 
and iliotibial tract. The subgluteal medius bursa lies 
deep beneath the gluteus medius tendon and postero-
superior to the lateral facet of the greater trochanter. The 
subgluteus minimus bursa lies beneath the gluteus 
minimus tendon at the anterosuperior edge of the 

greater trochanter. The subgluteus maximus bursa is 
most often involved in trochanteric bursitis, but the 
other deeper bursae can also give rise to symptoms.4

SYMPTOMS
The main presentation of trochanteric bursitis is pain at 
the greater trochanteric region, usually overlying the 
subgluteus maximus bursa over the lateral aspect of 
the hip. The pain can radiate down the lateral aspect of 
the thigh but seldom extends beyond the knee. There 
may be associated paresthesia that does not follow any 
specifi c dermatomal segment. The symptoms are exac-
erbated by hip movements, in particular external rota-
tion and abduction. Pain also may be brought on by 
walking, running, and other weight-bearing activities as 
well as by prolonged standing. Sleep may be affected 
because pain is aggravated by lying in the lateral decu-
bitus position on the affected bursa; pain on the con-
tralateral side in the decubitus position could be due to 
hip adduction.

PHYSICAL EXAMINATION
A localized area of tenderness is found on palpation at 
the region of the greater trochanter, with maximal ten-
derness typically at the site of insertion of the gluteal 
medius at the greater trochanter. Bursal swelling may be 
diffi cult to palpate, but bruising may be seen with re-
cent trauma. The Trendelenburg sign has been found to 
be a sensitive test for trochanteric bursitis.11 The sign is 
present when excessive pelvic tilt occurs with the patient 
in single-leg stance or when walking as illustrated in 
Figure 54-2. The gluteus medius and minimus form the 
abductor apparatus that plays an important role in hip 
abduction and stabilization of the pelvis during gait.12

In weight bearing on the affected hip, the abductor ap-
paratus is unable to stabilize the pelvis; thus, the contra-
lateral hip drops.13 Balance is often maintained by shift-
ing the trunk to the affected side.

Symptoms also may be reproduced with resisted hip 
abduction, with the patient in a side-lying position and 
the hip at 45 degrees of abduction. Pain can also be elic-
ited with resisted hip internal rotation, with the patient 

Synonyms
Greater trochanteric pain syndrome
Hip bursitis

ICD-9 Code
726.5  Enthesopathy of the hip region (bursitis of the hip, tro-

chanteric tendinitis)
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in a supine position and the hip starting at 45 degrees of 
fl exion and maximal external rotation.

Activity-related pain, particularly in the anterior hip or 
groin, along with limited range of motion of the hip is 
indicative more often of an intra-articular hip patho-
logic process, such as osteoarthritis. Lumbosacral radic-
ulopathy should be ruled out with a detailed neurologic 
examination, which is typically normal with trochan-
teric bursitis. Examination for and potential discovery 
of associated conditions (e.g., leg length discrepancies, 

hip muscle weakness, arthritis, and lumbar spondylo-
sis) may affect treatment decisions.

FUNCTIONAL LIMITATIONS
Chronic pain can limit activity and cause muscle decon-
ditioning and associated weakness. This can affect the 
basic activities of daily life, including walking and stair 
climbing. Pain may occur on lying in the lateral decubi-
tus position on the affected side and may interrupt 
sleep.

DIAGNOSTIC STUDIES
Laboratory studies, although seldom required, may de-
tect suspected infection or connective tissue disease. 
Imaging studies are used mainly to exclude associated 
musculoskeletal conditions as well as other underlying 
diseases; there are no specifi c radiologic fi ndings for 
trochanteric bursitis.

Calcifi cations around the greater trochanter may be 
seen in radiographs of the hip; however, it is unclear 
whether these calcifi cations occur in the bursa or at the 
tendon insertion of the gluteus muscles.14 In patients 
with leg length discrepancy, pelvic tilting may be seen 
with a standing anteroposterior pelvis fi lm. Ultrasonog-
raphy over the lateral aspect of the affected hip may 
demonstrate well-defi ned fl uid collection consistent 
with bursal enlargement.15 Multiple fi brin-coated le-
sions within the enlarged bursa have also been demon-
strated.16 Bone scan may demonstrate increased linear 
uptake at the greater trochanter in the early blood pool 
phase and delayed images.14,17

Magnetic resonance imaging may show high signal 
intensity within a distended bursa on fl uid-sensitive 
sequences and may demonstrate thickening and irreg-
ularity of the synovial lining.18 Subgluteal bursal dis-
tention with associated gluteus medius and minimus 
tendinopathy is well demonstrated with magnetic res-
onance imaging.19,20

FIGURE 54-2. Trendelenburg sign. The pelvis tilts and collapses toward 
the normal side of the hip, with single-leg stance on the affected side.

Normal Trendelenburg sign

Lesser
trochanter

Femur

Greater
trochanter

Subgluteus
minimus bursa

Iliotibial tract

Subgluteus
maximus bursa

Subgluteus
medius bursa

Gluteus medius

Gluteus minimus

FIGURE 54-1. Diagram of bursae around the greater trochanter of the 
femur.

Differential Diagnosis

Osteoarthritis of the hip

Lumbosacral radiculopathy

Leg length discrepancy

Gluteal tendinopathy and tear

Avascular necrosis of the femoral head

Iliotibial band syndrome

Hip stress fractures

Tumors
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TREATMENT
Initial
Initial treatment entails ice, anti-infl ammatory medi-
cations, and activity modifi cation, such as avoidance 
of stair climbing. Direct pressure on the affected site 
must be avoided; as such, advice on bed positioning 
should be given. Weight loss is advised in obese indi-
viduals. Gentle stretching is encouraged but with 
avoidance of excessive hip range of motion in the ini-
tial phase.

Rehabilitation
Physical therapy entails a combination of strengthen-
ing and stretching modalities and correction of ab-
normal biomechanics. Strengthening exercises should 
focus particularly on the hip abductors, extensors, 
and external rotators. Myofascial soft tissue therapy 
and contraction-relaxation exercises to lengthen 
shortened muscle groups are also advocated, espe-
cially for the tensor fascia lata–iliotibial band 
complex.

Ice massage and iontophoresis may be useful at the 
outset of the injury. Thereafter, heat, phonophoresis, 
and therapeutic ultrasound may be used during the 
subacute to chronic phases (but avoided during the 
acute phase of the disease).

Biomechanical evaluation of any leg length discrepan-
cies or underlying gait abnormalities should be per-
formed. Correction of these may be facilitated through 
orthotics or lifts. Other assistive devices, such as canes 
and walkers, may be prescribed, depending on the se-
verity of injury.

Procedures
Corticosteroid injections of the bursa, usually com-
bined with local anesthetic, are effective in the com-
prehensive treatment of this condition.21,22 In prepara-
tion for this procedure, the patient lies in the supine 
or lateral decubitus position on the unaffected side. 
The tender area over the greater trochanter is identi-
fi ed and marked. Then, under sterile conditions, a sy-
ringe with a 22- or 25-gauge needle, containing triam-
cinolone (20 to 40 mg) with 1% lidocaine (3 to 
4 mL), is advanced until contact is made with the 
bone of the greater trochanter. The solution is intro-
duced after a lack of resistance is detected. This proce-
dure also may be carried out in two stages with intro-
duction of lidocaine before the steroid. It has been 
shown that fl uoroscopic guidance may enhance preci-
sion of the placement of the cortisone injections.23 In 
general, a series of no more than three injections 
spaced 6 weeks apart can be given. However, caution 
must be exercised with repeated injection because it 
may be associated with muscle and tendon weaken-
ing.24 Patients are reevaluated within a month to as-
sess therapeutic response.

Surgery
In refractory cases, surgery (including arthroscopic bur-
sectomy25 and tendon release26,27) may be considered. 
In patients with associated gluteal tendon tears, surgical 
débridement and repair may be necessary.28

POTENTIAL DISEASE COMPLICATIONS
The disease may progress to persistent pain and a myo-
fascial pain syndrome, which can affect mobility and 
result in subsequent muscle deconditioning and associ-
ated hip weakness. Particularly in elderly persons, cata-
strophic injury may result from falls.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications due to anti-infl ammatory medications 
include drug hypersensitivity, gastric ulceration, and 
hepatotoxicity. Heat modalities may cause burns and 
may aggravate the condition during the acute phase.

General complications from injections include bleeding, 
bruising, infection, and drug hypersensitivity reactions. 
With cortisone injections to the greater trochanter, nec-
rotizing fasciitis has been reported.29 Other complica-
tions with steroid injections are tendon ruptures, nerve 
injury, lipoatrophy, and skin depigmentation.30
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DEFINITION
The anterior cruciate ligament (ACL) is an intra-articular 
structure essential for the normal function of the knee. It 
is commonly injured during activities that involve com-
plex movements, such as cutting and pivoting. It is esti-
mated than one in 3000 individuals sustains an ACL in-
jury each year in the United States, corresponding to an 
overall injury rate of approximately 100,000 injuries an-
nually.1 The injury usually results from a sudden decelera-
tion during high-velocity movements in which a forceful 
contraction of the quadriceps muscle is required. Other 
mechanisms of injury are valgus stress, hyperextension, 
and external rotation, as in landing from a jump, and se-
vere internal rotation of the knee with varus or hyperex-
tension.1 It has been reported that 70% of the acute ACL 
injuries are sports related and affect women more than 
men, particularly in basketball and soccer.2 In the last two 
decades, there has also been an increase in the incidence 
and appropriate diagnosis of ACL injuries in children as-
sociated with more participation in high-demand contact 
and noncontact sports, increased awareness of the injury, 
and better imaging techniques.3 Risk factors associated 
with ACL injuries include generalized joint laxity, ana-
tomic differences between men and women, hormonal 
changes, training techniques, and biomechanical varia-
tions in landing from a jump or cutting.4

The ACL may be partially or completely torn. It also 
may be injured in combination with other structures, 
most commonly tears of the medial collateral ligament 
and medial meniscus.

The ACL is a collagenous structure approximately 38 mm 
in length and 10 mm in width. The ligament arises from 

a wide base in the tibia anterolateral to the anterior tibial 
spine. It then traverses the knee in a posterolateral direc-
tion, attaching in a broad fan-like fashion at the postero-
lateral corner of the intercondylar notch of the femur. 
According to Fu and collaborators, it is organized in two 
major bundles named after their insertion sites on the 
tibia.5 The anteromedial bundle, which tightens in fl ex-
ion and is the longer of the two, controls anterior transla-
tion of the tibia on the femur. The posterolateral bundle, 
which tightens in extension and internal rotation, con-
trols rotation.6-8

Biomechanical studies with use of cadaver specimens 
have evaluated the forces that affect the ACL.9 These 
forces are highest in the last 30 degrees of extension, in 
hyperextension, and under other load conditions, in-
cluding anterior tibial translation, internal rotation, and 
varus. The ACL is a static stabilizer of the knee with a 
primary function of resisting hyperextension and ante-
rior tibial translation in fl exion and providing rotatory 
control. It is also a secondary restraint to valgus and 
varus forces in all degrees of fl exion.

SYMPTOMS
Individuals usually present with pain, immediate swell-
ing, and limited range of motion. They may give a his-
tory of hearing a “pop.” In an acute injury, the individ-
ual will have severe pain and diffi culty with walking. In 
a chronic injury, a patient may have a history of recur-
rent episodes of knee instability associated with swell-
ing and limited motion. Patients may describe locking 
or a “giving way” phenomenon. They may also give a 
history of a remote injury to the knee that was not reha-
bilitated.

PHYSICAL EXAMINATION
The physical examination has been found to be sensi-
tive and specifi c in the diagnosis of ACL tears and cor-
relates with arthroscopically documented knee inju-
ries.10 The clinician should observe the knee for 
asymmetry, palpate for areas of tenderness, measure 
active and passive range of motion, and document 
muscle atrophy. The apprehension test to rule out 
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patellar instability, valgus and varus testing with the 
knee in full extension and 30 degrees of fl exion to 
evaluate the collateral ligaments, and joint line palpa-
tion as well as the McMurray test to evaluate the menis-
cus should be performed before the ACL is assessed.

The key test in evaluating the integrity of the ACL in the 
patient with an acute injury is the Lachman test, in which 
an anterior force is applied to the tibia with the knee in 
30 degrees of fl exion while the clinician tries to reproduce 
anterior migration of the tibia on the femur. Another 
important test in the acute setting is the lateral pivot shift 
maneuver, in which the examiner attempts to reproduce 
anterolateral instability by internally rotating the leg, 
applying a valgus stress to the knee as it is fl exed, and 
feeling for anterior migration of the tibia on the femur 
(Fig. 55-1). In the patient who is able to fl ex the knee to 
90 degrees, particularly in chronic or recurrent injury, the 
anterior drawer test, in which an anterior force is applied 

to the tibia, should be performed (Fig. 55-2). It is impor-
tant to complete the examination by performing the pos-
terior drawer test, which evaluates the posterior cruciate 
ligament; a torn posterior cruciate ligament with posterior 
tibial subluxation may give a false-positive result of the 
anterior drawer maneuver as the tibia is reduced. In gen-
eral, fi ndings should be normal on the neurologic exami-
nation, including muscle strength, sensation, and refl exes; 
however, there may be some associated weakness (partic-
ularly of the knee extensors) due to pain or disuse.

FUNCTIONAL LIMITATIONS
Limitations include reduced knee motion, muscle weak-
ness, and pain that interferes with activities involving 
pivoting and jumping. Recurrent episodes of instability 
may limit participation in strenuous sports, such as bas-
ketball, soccer, tennis, and volleyball.11,12 These episodes 

A

B

C
FIGURE 55-1. Position for the lateral pivot shift test. Note that the patient’s knee is fully extended. Internally rotate the leg and apply a valgus stress. 
As you begin to fl ex the knee, the lateral tibial plateau is subluxed. As tension in the iliotibial band is lessened at 45 degrees of fl exion, a pivot shift is 
felt as the tibia is reduced. This test identifi es a rupture of the anterior cruciate ligament.
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of the knee’s giving way may result in increased liga-
mentous laxity, leading to limitations with activities of 
daily living, such as going down stairs and changing 
directions while walking.

DIAGNOSTIC STUDIES
Diagnostic studies include plain radiographs to rule out 
intra-articular fractures, loose bodies, and arthritic 
changes. These include the standing anteroposterior 
view, lateral view, tunnel view, standing posteroanterior 
45-degree fl exion view, and Merchant view of the pa-
tella. Magnetic resonance imaging may be indicated in 
the acute setting to evaluate associated pathologic 
changes, such as bone bruises, meniscal tears, and other 
ligamentous injuries, and to aid in treatment planning 
of combined injuries. In the pediatric and adolescent 
athlete, magnetic resonance imaging may also give infor-
mation about physical injuries that may otherwise go 
unnoticed.

TREATMENT
Initial
Immediately after injury, the management of an ACL 
tear includes relative rest, ice, compression, elevation, 
and analgesic or anti-infl ammatory medication. Many 
patients will initially benefi t from use of a knee immo-
bilizer and crutches. If the knee is very swollen and 
painful with limited motion that restricts participation 
in treatment, arthrocentesis may be performed. It is 

important to establish an accurate diagnosis and the 
presence of associated injuries as these may necessitate 
prompt surgery. These include chondral or osteochon-
dral fractures, meniscal tears, and other injured capsular 
structures. In general, in the absence of associated inju-
ries, the acute management can be conservative with 
early protected rehabilitation.

Treatment of ACL injuries depends on a number of fac-
tors, including the patient’s age, level of activity, presence 
of associated injuries, and importance of returning to 
athletic activities that involve acceleration and decelera-
tion and cutting moves. Surgery is the only defi nitive 
treatment of complete ACL injuries, but it is generally not 
necessary for older individuals who do not complain of 
knee instability with recreational activities or work.

FIGURE 55-2. Position for the anterior drawer test. The hip is fl exed 45 degrees, the knee is fl exed 90 degrees, and the tibia is in neutral rotation. 
Anterior pull can be applied to the proximal tibia with both hands.

Differential Diagnosis

Isolated ACL tear

Combined lesions

 Posterolateral ligamentous complex tear

 Medial collateral ligament and medial meniscus

Intra-articular fracture

Patellar dislocation

Meniscal tear
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In general, younger patients and those with a high activity 
level should be considered for ACL reconstruction. Surgi-
cal referral is not necessary in the immediate postinjury 
period but should be facilitated as soon as it is clear that 
an individual desires surgery as a defi nite treatment mea-
sure. When associated injuries are present, especially if 
these cause mechanical symptoms, or in the case of the 
elite competitive athlete, surgical treatment should be 
considered as soon as the initial infl ammatory phase has 
passed.13

Rehabilitation
The rehabilitation of an ACL tear begins as soon as the 
injury occurs. Rehabilitation management focuses on 
reducing pain, restoring full motion, correcting muscle 
strength defi cits, achieving muscle balance, and return-
ing the patient to full activity free of symptoms.14 The 
rehabilitation program consists of acute, recovery, and 
functional phases.

Anterior Cruciate Ligament Injury

The patient with an ACL-defi cient knee that has not been 
reconstructed may present with an acute or a recurrent 
injury. In the acutely injured knee, protection of second-
ary structures is of paramount importance, and progres-
sion of rehabilitation will depend on the extent of dam-
age to other knee structures. Early use of closed kinetic 
chain exercises, in which the distal segment of the ex-
tremity is fl exed and the proximal segments are free to 
move, has allowed functional progression of strengthen-
ing. These exercises allow quadriceps strengthening with 
hamstring muscle co-contraction, which reduces the 
strain in the ACL and minimizes patellofemoral joint 
reaction forces (Table 55-1).14,15

The individual with a recurrently unstable knee will ben-
efi t from a trial of rehabilitation. Correction of muscle 
weakness and proprioceptive defi cits and functional 

retraining in combination with activity modifi cation could 
reduce episodes of instability and should be considered 
before surgery in the individual with low activity levels.

Acute Phase

This phase focuses on treatment of tissue injury, clini-
cal signs, and symptoms. The goal in this stage is to 
allow tissue healing while reducing pain and infl am-
mation. Reestablishment of nonpainful range of mo-
tion, prevention of muscle atrophy, and maintenance 
of general fi tness should be addressed. This phase may 
last 1 to 2 weeks.

Recovery Phase

This phase focuses on obtaining normal passive and ac-
tive knee motion, improving knee muscle function, 
achieving normal hamstrings and quadriceps muscle 
balance, and working on proprioception. Biomechanical 
and functional defi cits, including infl exibilities and in-
ability to run or jump, should begin to be addressed. 
This phase may last 2 to 8 weeks after the injury occurs.

Functional Phase

This phase focuses on increasing power and endurance of 
the lower extremities while improving neuromuscular 
control. Rehabilitation at this stage works on the entire 
kinetic chain, addressing specifi c functional defi cits. This 
program should be continuous with the ultimate goal of 
prevention of recurrent injury and safe return to competi-
tion. The functional phase may last 8 weeks to 6 months 
after the injury occurs.

If the patient completes a rehabilitation program and is 
willing to modify the activity level, including the limita-
tion of sports activity that involves cutting and pivoting 
maneuvers, the functional prognosis for daily living 
activities is good.9,16 In this group of patients, functional 
braces may be used for sports participation that involves 

TABLE 55-1 Anterior Cruciate Ligament Tear Rehabilitation

Acute Phase Recovery Phase Functional Phase

Therapeutic intervention Modalities: cryotherapy, 
electrical stimulation

Active-assisted fl exion and 
extension

Static quadriceps and hamstring 
exercise

General conditioning: bicycle 
and pool exercises

Ambulation with crutches

Modalities: superfi cial heat, pulsed 
ultrasound, electrical stimulation

Range of motion, fl exibility exercises
Dynamic lower extremity 

strengthening
Closed kinetic chain exercises, multi-

planar lower extremity joint 
exercises

General conditioning
Gradual return to sports-specifi c 

training with functional bracing

General fl exibility, strengthening 
training

Power and endurance of lower 
extremities: diagonal and mul-
tiplanar motions, plyometrics

Neuromuscular control, 
proprioceptive training

Return to sports-specifi c partici-
pation with functional bracing

Criteria for advancement Pain reduction
Recovery of pain-free motion
Adequate knee muscle control
Tolerance for strengthening 

exercises

Full nonpainful motion
Symmetric quadriceps and ham-

string strength
Correction of infl exibility
Symptom-free progression in a 

sports-specifi c program

No clinical symptoms
Normal running and jumping 

mechanics
Normal kinetic chain integration
Completed sports-specifi c 

program
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changes of direction. These braces may reduce symp-
toms of instability in individuals who use them and 
appear to reduce some strain in the ACL in low-demand 
activities.

Postsurgical Rehabilitation

In the patient who is a candidate for ACL reconstruc-
tion, rehabilitation should start before surgery. Reduc-
tion of pain and swelling as well as achievement of full 
range of motion should be attempted before reconstruc-
tion. After surgery, rehabilitation should begin on the 
fi rst postoperative day. Early use of cryotherapy, com-
pression, and elevation has been shown to reduce swell-
ing postoperatively. It is important to achieve full exten-
sion and to initiate early active fl exion in the fi rst few 
days after surgery. Weight bearing with crutches is usu-
ally started immediately after the operation.17

Rapid progression of the rehabilitation program has 
reduced complications usually associated with ACL 
knee surgery, which included stiffness, muscle atrophy, 
muscle weakness, and patellofemoral pain. In the early 
rehabilitation period, special precautions need to be 
taken to avoid excessive strain of the reconstructed liga-
ment with terminal (0 to 30 degrees) extension-resisted 
quadriceps exercises. Early use of closed kinetic chain 
exercises, such as mini-squats, steps, and leg press, has 
allowed quadriceps strengthening with tolerable shear 
forces to the graft14,15,17 (Table 55-2). Aquatic exercises 
that allow progressive weight bearing with benefi t from 
the effects of buoyancy can be started as soon as the 
sutures are removed.

Individuals will vary in the rate in which they achieve 
full motion, normal strength, normal proprioception, 

and adequate sports-specifi c skills. Achievement of these 
goals should be accomplished before the individual is 
allowed to return to sports activity. With accelerated re-
habilitation programs, patients usually return to activity 
in 6 months after surgery. These accelerated rehabilita-
tion programs do not lead to an increase in anterior 
knee laxity compared with nonaccelerated rehabilita-
tion, and both accelerated and nonaccelerated rehabili-
tation appear to have the same effect in terms of clinical 
assessment, satisfaction of patients, and functional per-
formance.18

Procedures
Knee joint aspiration may be attempted in the fi rst 24 to 
48 hours after the injury to document hemarthrosis and 
to assist in the diagnosis. If the injured individual is not 
progressing in treatment because of swelling and sig-
nifi cant limitation of motion, aspiration may be per-
formed at later stages of treatment for symptom relief. 
Under sterile conditions, with a 25-gauge, 1-inch sterile 
disposable needle, infi ltrate the skin with a local anes-
thetic approximately 2 cm proximal and lateral (or 
medial) to the patella. Follow this injection with a sec-
ond injection by use of an 18-gauge, 11⁄2-inch needle 
into the joint capsule. Aspirate any fl uid and note the 
color and consistency. Without withdrawal of the nee-
dle, take off the syringe and empty it. Repeat this until 
all of the fl uid is aspirated. Use one hand to compress 
the suprapatellar area to be sure all of the fl uid is out 
before the procedure is completed.

Postinjection care includes icing of the knee for 
15 minutes after the injection and then for 20 minutes 
two or three times daily for several days.

TABLE 55-2 Postsurgical Anterior Cruciate Ligament Tear Rehabilitation

Acute Phase Recovery Phase Functional Phase

Therapeutic intervention Modalities: cryotherapy, electrical 
stimulation

Active-assisted fl exion, passive 
extension

Static quadriceps (90 to 
45 degrees), dynamic ham-
strings exercises, straight-leg 
raise exercises

General conditioning: upper 
extremity ergometer

Ambulation with crutches

Modalities: superfi cial heat, 
pulsed ultrasound, electrical 
stimulation

Active fl exion and extension 
exercises

Dynamic quadriceps (90 to 
30 degrees), hamstring 
strengthening

Closed kinetic chain exercises, 
multiplanar lower extremity 
joint exercises

General conditioning: bicycle, 
swimming, aquatic exercises

Gradual return to sports-specifi c 
training with optional func-
tional brace use

General fl exibility training, 
strengthening exercise 
program

Power and endurance of lower 
extremities: diagonal and 
multiplanar motions with 
tubings, light weights, medi-
cine balls, plyometrics

Neuromuscular control, proprio-
ceptive training

Return to sports-specifi c partici-
pation

Optional functional brace use

Criteria for advancement Pain reduction
Recovery of 90 degrees of fl ex-

ion, full extension
Adequate knee muscle control
Tolerance for strengthening 

exercises

Full fl exion, knee hyperextension
Symmetric quadriceps and ham-

string strength
Symptom-free progression in a 

sports-specifi c program

No clinical symptoms
Normal running and jumping 

mechanics
Normal kinetic chain integration
Completed sports-specifi c 

program
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Surgery
Surgery is indicated in patients with recurrent episodes 
of instability in activities of daily living and in active 
recreational athletes who are symptomatic and do not 
wish to modify their activities. Surgery is defi nitely indi-
cated in the high-demand competitive athlete.

The surgical procedure of choice is the arthroscopically 
assisted autograft by full endoscopic or two-incision tech-
niques, with use of either patellar bone–tendon–bone 
graft or four strands of hamstring tendon graft. A debate 
exists between the proponents of each graft source and 
fi xation, and although both seem to be fairly equal in 
long-term studies, they each have pros and cons.19,20 The 
hamstring tendon group tends to recover faster initially 
and to have less pain and swelling. However, although 
the graft strength is good, the fi xation of the graft as well 
as the incorporation of the graft to bone seems to be 
weaker than with the patellar tendon.12,21,22

The patellar tendon group, on the other hand, has better 
fi xation and incorporation because it heals bone to bone 
faster and behaves biomechanically like a single unit; the 
sum of these gives it a more reproducible result, making 
it the preferred graft for the high-demand athlete.3,23 The 
downside of its use is that it tends initially to produce 
more morbidity, such as swelling, pain, and diffi culty in 
gaining motion. It also has a higher incidence of postop-
erative patellofemoral pain. Other grafts used are the 
quadriceps tendon and contralateral patellar tendon. Al-
lograft tendon material, such as patellar tendon and 
tibialis anterior tendon, has also gained popularity. The 
advantages of these are clear and include less donor site 
morbidity. The disadvantages are the possibility of dis-
ease transmission, slower graft incorporation, potential 
for stretching of the graft, and higher cost. A new modal-
ity of reconstruction, the anatomic ACL reconstruction, 
has been popularized by Fu and coworkers.12 In fact, this 
tries to address the reconstruction of both the anterome-
dial and the posterolateral bundles of the ACL. Fu and 
others have shown in vitro that this double-bundle ana-
tomic ACL reconstruction better controls the important 
aspect of rotational instability of ACL defi ciency; how-
ever, in vivo, it has not been shown to be better than the 
standard single-bundle ACL reconstruction.12,24

POTENTIAL DISEASE COMPLICATIONS
An untreated ACL injury can lead to changes in the knee 
joint that may be associated with signifi cant alterations 
in the patient’s lifestyle. The patients who continue par-
ticipation in strenuous sports have recurrent episodes 
secondary to anterior laxity and rotatory instability. 
These may lead to damage of associated structures, such 
as the meniscus and other secondary restraints. A sig-
nifi cant number of patients develop joint space narrow-
ing with evidence of osteoarthritis.9,16

Attention has recently been given to prevention of ini-
tial or recurrent ACL injury by modifying neuromuscu-
lar risk factors such as muscle weakness and imbalance, 
correcting proprioceptive defi cits, and working on 

sports-specifi c techniques such as cutting and jumping. 
These programs combine strengthening, balance, and 
plyometric exercises with apparent improved dynamic 
stability and a reduction in the incidence of injury.25

POTENTIAL TREATMENT 
COMPLICATIONS
Medication complications include gastric, cardiovas-
cular, and renal toxicity with nonsteroidal anti-
infl ammatory drugs. Injections carry the risk of infec-
tion (in approximately 1% to 2% of cases). Surgery 
has the risks of venous thrombosis and complications 
from the anesthesia. Fibrous ankylosis and signifi cant 
loss of motion can be seen in the early rehabilitation 
stages secondary to poor progression of therapy or 
compliance of the patient.25

Poor graft placement and fi xation can lead to loss of 
motion and subsequent graft failure with recurrent in-
stability. In patients in whom chondral lesions or 
meniscal tears are identifi ed at the time of surgery, long-
term sequelae include the development of arthritis even 
after the reconstruction.4,6,24,26
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DEFINITION
Baker’s cyst, the most common cyst in the posterior 
knee, affects approximately 19% of asymptomatic adults 
(especially adults older than 50 years)1 and 6% of chil-
dren.2 Two age incidence peaks exist: 4 to 7 years and 35 
to 70 years.3,4 Three factors are key to the formation of 
Baker’s cyst: (1) communication between the knee joint 
and popliteal bursae, (2) one-way valve effect, and 
(3) unequal pressure between the joint and bursae dur-
ing varying degrees of knee movement.4 Chronic irrita-
tion in the knee joint may increase production of syno-
vial fl uid, which may fl ow from the knee joint into the 
bursae under higher intra-articular pressure until the 
one-way valve formed by the gastrocnemius-soleus com-
plex “closes,” trapping the fl uid in one of the popliteal 
bursae. This bursa then distends and forms a palpable 
mass, more commonly in the posteromedial aspect of 
the popliteal fossa.5 Cysts detected by ultrasonography 
extend between the deep fascia and the medial head of 
the gastrocnemius muscle.5 Anatomically, the lack of 
supporting structures in this area may predispose this 
region of the popliteal space to cyst formation.5 Most 
commonly, the source of this chronic irritation is an in-
fl ammatory or degenerative joint disease, such as rheu-
matoid arthritis or osteoarthritis, respectively. In fact, in 
a study of 40 patients with radiographic evidence of pri-
mary osteoarthritis of the knee, 22% had Baker’s cyst 
diagnosed by ultrasonography.6 Chondromalacia patel-
lae, chronic ligamentous or meniscal tear, chronic low-
grade infection, pigmented villonodular synovitis, and 
persistent capsulitis are also commonly associated with 
Baker’s cysts.7 Noncommunicating cysts often have no 
associated knee disease and may be primary bursal en-
largements from repeated trauma to the bursa itself 
related to muscle activation. Direct trauma is the most 
common cause of these cysts in children.2

SYMPTOMS
Baker’s cysts are often nontender and may present as a 
fl uctuant mass in the popliteal fossa (Fig. 56-1). Typical 
symptoms, if present, include swelling, pain, and stiff-
ness exacerbated by activity such as walking. Symptoms 
are most readily elicited when knee fl exion compresses 
the fl uid-fi lled cyst, although knee extension may also 
cause tension on the cyst by the extended gastrocne-
mius-soleus muscles. The mass is often accompanied by 
leg swelling or diffuse calf tenderness. Numbness and 
tingling may be present if there is neural or vascular 
involvement.

PHYSICAL EXAMINATION
Baker’s cysts are often visible or at least palpable along 
the medial aspect of the popliteal fossa. The cyst may be 
identifi ed with the patient prone with the knee fi rst ex-
tended and then fl exed while the popliteal fossa is 
inspected and palpated. The round, smooth, fl uctuant, 
and often tender cyst will be fi rm on palpation with 
knee extension and may soften or disappear with 
45 degrees of knee fl exion, a phenomenon known as 
Foucher sign.8 The cyst can extend into the thigh or leg, 
or it can have multiple satellites along the calf and even 
into the foot. These satellite cysts may or may not be 
connected to the primary cyst through channels. When 
a joint effusion accompanies the cyst, it is worthwhile to 
search for the source of chronic irritation. Examine the 
knee’s range of motion, test patellar and tibiofemoral 
and cruciate ligamentous laxity, and evaluate for poten-
tial patellofemoral pain and meniscal tears.7 Further-
more, because of the proximity of the sciatic nerve or its 
branches to the popliteal region where cysts may be 
present, nerve compression may be manifested as de-
creased sensation and muscle atrophy.9,10

FUNCTIONAL LIMITATIONS
The degree of impairment produced by the cyst depends 
on its size and amount of tenderness. Baker’s cysts are 
usually painless and limit movement minimally, if at all, 
unless there is an underlying meniscal injury. However, 

Synonym
Popliteal cyst

ICD-9 Code
727.51 Synovial cyst of popliteal space (Baker’s cyst)

Ch56_315-318-X4007.indd 315Ch56_315-318-X4007.indd   315 3/17/08 6:14:11 PM3/17/08   6:14:11 PM



316 M U S C U L O S K E L E T A L  D I S O R D E R S :  K N E E  A N D  L O W E R  L E G

larger cysts may be associated with moderate limitations 
in physical activity, particularly walking.

DIAGNOSTIC STUDIES
Imaging can help by defi ning underlying pathologic 
processes associated with ongoing pain despite medical 
treatment. Plain fi lms of the knee can be used to diag-
nose underlying degenerative joint disease but are rarely 
necessary to diagnose Baker’s cyst. Ultrasonography dis-
tinguishes solid from cystic masses and is therefore es-
pecially helpful in detecting Baker’s cysts when exten-
sive joint deformities, such as those present with 
rheumatoid arthritis, obscure the cyst.11 Furthermore, 
ultrasonography is an economical and helpful method 
of differentiating thrombophlebitis from Baker’s cysts if 
there is diagnostic uncertainty. Arthrography, through 
the injection of contrast dye into the knee joint or 
bursa, may clearly demonstrate the enlarged bursal 
structure. In addition, computed tomography may dif-
ferentiate cysts from lipomas and malignant neoplasms 
and may show noncommunicating cysts or cysts that 
are not in the typical locations. Magnetic resonance 
imaging outlines the anatomy of the entire joint and is 
a sensitive test to identify Baker’s cyst as well as its likely 
cause. Magnetic resonance imaging also helps in ruling 
out suspected solid tumors and defi ning pathologic 
changes for possible surgical excision. On these scans, 
Baker’s cysts appear as well-circumscribed masses with 
low signal intensity on T1-weighted images and high 
signal intensity on T2-weighted images. In general, ul-
trasonography and magnetic resonance imaging are the 
two most common radiologic methods for evaluation 
of suspected Baker’s cysts, each with its strengths and 

drawbacks.12 Testing of the erythrocyte sedimentation 
rate may also be helpful if an infl ammatory process is 
suspected.

TREATMENT
Initial
Intervention is needed only when Baker’s cyst is symp-
tomatic. The simplest treatment is to aspirate the fl uid 
because aspiration collapses the cyst, and the symptoms 
consequently disappear. However, treatment of the cyst 
alone may not be adequate, and treatment of the under-
lying joint disease may be necessary. Ice and anti-
infl ammatory agents (nonsteroidal anti-infl ammatory 
drugs), for example, can reduce the infl ammatory effu-
sions produced by degenerative joint disease. Quadri-
ceps strengthening exercises can be used for patello-
femoral syndrome. In some cases, venous sclerosants 
are used to prevent recurrence.8 The cysts tend to invo-
lute spontaneously in children.

Rehabilitation
Treatment is directed toward the cause of Baker’s cyst. 
Rehabilitation may include compression and range of 
motion exercises as a means of decreasing swelling in ad-
dition to physical modalities (such as ice) and pharmaco-
therapy (such as nonsteroidal anti-infl ammatory drugs). 
Furthermore, in cases of degenerative or infl ammatory 
arthropathy and cruciate ligament or meniscal injuries, 
resistance exercises to maintain and to improve lower ex-
tremity muscle strength may be helpful, especially in cases 
of compromised gait from painful loading. A comprehen-
sive rehabilitation program may lead to progress in gait 
and in function to perform daily activities.

FIGURE 56-1. Schematic diagram of Baker’s cyst.

Differential Diagnosis

Venous complexes

Infl ammatory arthritis (rheumatoid)

Fat pads

Liposarcoma

Hematoma

Ganglionic cysts

Synovial hemangioma

Abscess

Malignant fi brous histiocytoma

Neoplasms (sarcoma)

Thrombophlebitis

Arterial aneurysms

Pseudothrombophlebitis

Compartment syndrome
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Procedures
Needle aspiration of the cyst is the most effective ther-
apy, and provided the predisposing cause of the cyst re-
solves, it generally results in improvement of symptoms 
and function. Furthermore, if knee joint effusion is pres-
ent, joint aspiration, accompanied by intra-articular 
corticosteroid injection, may be benefi cial. In cases of 
noncommunicating cysts, corticosteroid injection di-
rectly into the cyst may help decrease swelling. The effect 
of this intervention may be followed serially through 
ultrasonography.13 The possibility of a vascular malfor-
mation must be eliminated either by auscultation of the 
mass with a stethoscope to listen for bruits or by palpa-
tion of it to feel for a pulse before cyst aspiration.14 In 
addition, imaging techniques such as ultrasonography 
may assist in detecting cysts.

Surgery
Surgical excision is attempted only after all other meth-
ods have failed and the cyst is suffi ciently large and 
symptomatic.15 Furthermore, arthroscopic disruption of 
the posterior wall of the capsule has been described.16

On occasion, surgery is necessary to correct the underly-
ing pathologic process (e.g., arthroscopic surgery for 
meniscal tears or total knee replacement for intractable 
degenerative joint disease).

POTENTIAL DISEASE COMPLICATIONS
The most common complications of Baker’s cysts are 
dissection into the calf and rupture, leading to calf, an-
kle, and foot ecchymoses.8 When the cyst ruptures, it 
produces a “pseudothrombophlebitis syndrome,” mean
ing that it results in intense calf pain and swelling with-
out associated deep venous thrombosis. Less com-
monly, Baker’s cyst produces compartment syndrome,16

peripheral neuropathy,9,10 or lower extremity claudica-
tion.17 More rarely, if the cyst is infected, it can result in 
septic arthritis of the knee if an intra-articular–bursal 
communication exists.18 Moreover, a possible sequela 
of Baker’s cysts may be intramuscular dissection, both 
distally19 and less commonly proximally.20

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Aspiration can 
result in recurrence, infection, bleeding, and neurovas-
cular compromise.
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DEFINITION
The medial and lateral collateral ligaments are impor-
tant structures that predominantly prevent valgus and 
varus forces, respectively, through the knee (Fig. 57-1).

Like other ligamentous injuries, knee collateral ligament 
sprains can be defi ned by three grades of injury. With a 
fi rst-degree sprain, there is localized tenderness without 
frank laxity. Anatomically, only a minimal number of 
fi bers are torn. On physical examination, the joint space 
opens less than 5 mm (i.e., 1� laxity). With a moderate 
or second-degree sprain, there is more generalized ten-
derness without frank laxity. Grade 2 sprains can cover 
the gamut from a few fi bers torn to nearly all fi bers torn. 
The joint may gap 5 to 10 mm (i.e., 2� laxity) when 
force is applied. A severe or grade 3 sprain, by defi nition, 
is a complete disruption of all ligamentous fi bers with a 
joint space gap of more than 10 mm (i.e., 3� laxity) on 
stressing of the ligament.1

Medial Complex Injury and Resultant 
Instability
The medial collateral ligament (MCL) is the most com-
monly injured ligament of the knee.2 This ligament is 
usually injured when valgus forces are applied to the 
knee. Contact injuries produce grade 3 MCL defi cits; non-
contact MCL injuries typically result in lower grade inju-
ries. Although MCL injury can occur in isolation, valgus 

forces typically instigate injury to other medial structures.3
Findings of a rotational component to medial joint insta-
bility should prompt a search for cruciate ligament, 
meniscal, or posterior oblique ligament involvement.4,5

Lateral Complex Injury and Resultant 
Instability
The lateral collateral ligament (LCL) is much less fre-
quently injured than the MCL. True isolated injury to 
the LCL is rare. True straight lateral instability requires a 
large vector force. Thus, a complete knee dislocation 
with possible damage to neurovascular structures should 
be suspected if straight lateral instability is present.6
Posterolateral rotatory instability appears to be a more 
frequent cause of lateral instability than of straight lat-
eral instability. Most authors believe that posterolateral 
rotatory instability requires disruption of the arcuate 
complex, the posterior cruciate ligament, and the LCL. 
The usual mechanism of posterolateral rotatory insta-
bility is forcing of the knee into hyperextension and 
external rotation.6,7

SYMPTOMS
Medial or lateral knee pain is the most common symp-
tom related to knee collateral ligament injury. Interest-
ingly, grade 1 and grade 2 injuries cause more pain than 
grade 3 injuries do.2,3 Pain is often accompanied by a 
sensation of knee locking.5 This may be due to hamstring 
spasm or concomitant meniscal injury. Patients may also 
report an audible pop, although it is more common with 
anterior cruciate ligament injuries.2 A giving way sensa-
tion or a feeling of instability is often reported with high-
grade injuries. Moreover, patients with high-grade inju-
ries may also have neurovascular damage.8 Therefore, 
these individuals may complain of a loss of sensation or 
muscle strength below the level of the knee.6

PHYSICAL EXAMINATION
Physical examination begins with the uninjured knee to 
obtain a baseline. Palpatory examination can be as im-
portant as laxity testing. Palpation can reveal tenderness 

Synonyms
Knee ligamentous injuries
Medial or lateral collateral knee injury
Knee valgus or varus instability or insuffi ciency

ICD-9 Codes
717.81 Old disruption of lateral collateral ligament
717.82 Old disruption of medial collateral ligament
844.0   Sprains and strains of knee and leg (lateral collateral 

ligament)
844.1   Sprains and strains of knee and leg (medial collateral 

ligament)
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along the length of the collateral ligament, localized 
swelling, or a tissue defect.5 With pure joint line tender-
ness, an underlying meniscal injury should be sus-
pected. A true knee joint effusion may also be present 
with collateral ligament injuries; however, it is more 
prevalent with meniscal or cruciate injury.9

Instability of the medial joint ligaments is determined 
by the abduction stress test (Fig. 57-2A), performed by 
examination of the knee at 0 degrees and 30 degrees of 
joint fl exion. If the test result is negative, a fi rm endpoint 
will be reached. If the test result is grossly positive, the 
femur and tibia will gap with valgus stress and “clunk” 
back when the stress is removed.10 Although it is contro-
versial, increased medial joint laxity of the fully extended 

knee with a valgus force not only implies damage to the 
superfi cial and deep fi bers of the MCL but also indicates 
rupture of the posterior cruciate ligament or posterior 
oblique ligament.11,12 If laxity occurs at 30 degrees but 
not at 0 degrees, one may confi dently conclude that 
MCL injury is present with sparing of the posterior cap-
sule and posterior cruciate ligament.3,10 Although the 
anterior drawer test is classically used for chronic ante-
rior cruciate ligament tears, it can be a useful adjunctive 
test for detection of MCL or posterior oblique ligament 
injury.3

Laxity of the lateral knee joint ligaments is determined 
by the adduction stress test, which is also performed at 
0 degrees and 30 degrees of knee fl exion and compared 
with the opposite “normal” knee (Fig. 57-2B). Gapping 
of the lateral joint line at 30 degrees of knee fl exion in-
dicates damage to the LCL and arcuate ligament com-
plex.9,12 However, joint opening with the knee in full 
extension indicates damage not only to the LCL but also 
to the middle third of the capsular ligament, cruciate 
ligaments, iliotibial band, or arcuate ligament com-
plex.7,13 When LCL injury is associated with rotational 
instability, the reverse pivot shift may be helpful.14 This 
maneuver is performed by application of a varus force 
to an initially fl exed knee. A positive test result reveals a 
clunk as the knee is passively extended from a fl exed 
position. The clunk is a result of the relocation with 
extension of a knee subluxed in fl exion,.8,12 Rotational 
instability may also be detected by the external rotation 
recurvatum test (Fig. 57-3).

FUNCTIONAL LIMITATIONS
The functional limitations for patients with medial and 
lateral collateral ligament injuries result from instabil-
ity. In general, sagittal plane movements are better tol-
erated than frontal or transverse plane motions. Most 
patients with grade 3 tears of the MCL are able to walk 
comfortably without an assistive device. Few, however, 
are able to traverse steps or to do a full knee squat.3
Patients may also report diffi culty with transfers 
and “cutting” sports activities. Some individuals with 

Lateral
collateral
ligament

Medial
collateral
ligament

FIGURE 57-1. Medial and lateral collateral ligaments.

A B

FIGURE 57-2. A, Abduction stress of the knee at 30 degrees tests for medial collateral ligament injury. B, Adduction stress of the knee at 30 degrees 
tests for lateral collateral ligament injury. (Reprinted with permission from Mellion MB, Walsh WM, Shelton GL. The Team Physician’s Handbook, 2nd ed. 
Philadelphia, Hanley & Belfus, 1997:558-559.)
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posterolateral ligament injuries may have pain with 
prolonged standing or knee hyperextension. This pos-
terolateral laxity may eventually result in signifi cant 
genu recurvatum as well as tibia vara, producing 
pain with even basic activities such as walking and 
standing.7

DIAGNOSTIC TESTING
Plain radiographs are usually normal in acute sprains of 
the collateral ligaments. Radiographs may be particu-
larly useful to detect avulsion and tibial plateau frac-
tures.4 For example, an avulsion fracture of the proximal 
fi bula can be detected after a varus-type injury, the so-
called Segond fracture.10 The current “gold standard” 
diagnostic test is magnetic resonance imaging. Magnetic 
resonance imaging can detect concomitant injury as 

well as the severity of collateral ligament damage.15

Bone bruises not evident on plain fi lms may be detected 
by magnetic resonance imaging. This can be an impor-
tant fi nding, particularly in patients who are experienc-
ing persistent pain.

TREATMENT
Initial
After it has been determined whether concomitant in-
jury is present, all grades of collateral ligament injuries 
are treated initially in the same manner. The basic prin-
ciples of PRICE (protect, rest, ice, compression, eleva-
tion) apply. Patients with grade 2 and grade 3 injuries 
may need crutches or a hinged knee brace locked be-
tween 20 and 60 degrees to provide additional support 
for an unstable knee. Allowable brace range of motion 
is increased as tolerated to prevent arthrofi brosis.4,9,16

Nonsteroidal anti-infl ammatory medications may be 
prescribed to provide pain relief as well as to reduce lo-
cal infl ammation associated with acute injury.

Rehabilitation
The goals of rehabilitation for the knee with a collateral 
ligament injury are to restore range of motion, to increase 
stability, and to return pain-free activity. Within the fi rst 

Differential Diagnosis

Medial Knee Differential
Medial meniscus injury

Anterior cruciate ligament injury

Medial compartment osteoarthritis

Pes anserine bursitis

Medial tibial plateau fracture

Vastus medialis obliquus injury

Medial plica band syndrome

Medial or Lateral Pain
Patella subluxation or dislocation

Bone bruise

Osteochondral injury

Referred or radicular pain

Lateral Knee Differential
Lateral meniscus tear

Iliotibial band syndrome

Lateral compartment osteoarthritis

Popliteus or biceps tendinitis

Lateral gastrocnemius strain

FIGURE 57-3. External rotation recurvatum test. Both knees are pas-
sively held in extension by holding the forefoot. If the tibia on the af-
fected side externally rotates more than the normal side, the test result is 
considered positive and indicates damage to the posterolateral knee 
structures.
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24 to 48 hours after injury, isometric quadriceps contrac-
tions and electrical stimulation can be instituted to 
reduce local tissue swelling and to retard muscle atro-
phy.10,16 Range of motion and gentle stretching activities 
are introduced after the fi rst day.4 Early weight bearing is 
also encouraged. Aerobic conditioning can be main-
tained by use of upper body ergometry, stationary bicycle, 
or swimming with gentle fl utter kicks. Maintenance-
phase rehabilitation should emphasize exercise in mul-
tiple planes. Rehabilitation should eventually progress to 
functional or sport-specifi c activity. A combination of 
closed and open kinetic chain exercises is used.17 Typi-
cally, individuals with mild collateral ligament injuries 
return to activity after 3 to 4 weeks; patients with severe 
injuries typically return to activity after 8 to 12 weeks.18

Prophylactic hinged knee brace use has been advocated, 
although effectiveness remains controversial.19-21 Postsur-
gical rehabilitation for grade 3 LCL and MCL injuries 
with concomitant anterior cruciate ligament, posterior 
cruciate ligament, or meniscal repair should be at 
the discretion of the individual surgeon. Variability oc-
curs with each surgeon in respect to immediate weight 
bearing, protected range of motion, and return to full 
activity.

Procedures
Procedures such as corticosteroid injections have not 
been studied in collateral ligament injuries.22

Surgery
The treatment of grade 1 and grade 2 injuries of the me-
dial and collateral ligaments is nonsurgical. Grade 3 inju-
ries, especially when they are associated with concomitant 
injuries, may be treated surgically. However, most practi-
tioners treat isolated grade 3 MCL injuries nonsurgically 
secondary to the high healing rates.10,16, 23, 24 Repair of an 
MCL tear without repair of an associated anterior cruciate 
ligament injury may lead to a high failure rate.5 In con-
trast, grade 3 LCL injuries or posterolateral complex tears 
with or without associated cruciate ligament injuries have 
been shown to heal poorly with nonsurgical mea-
sures.4,25,26 In this case, surgical intervention within 
2 weeks, addressing defi cits of the arcuate ligament com-
plex, lateral meniscus, and cruciates, provides optimal 
outcomes.4

POTENTIAL DISEASE COMPLICATIONS
The most signifi cant disease complication is chronic 
knee instability. This most commonly occurs with un-
detected injury to the posterolateral joint complex. An-
other cited complication is an increased risk of osteoar-
thritis. Osteoarthritis occurs more frequently with 
combined MCL and anterior cruciate ligament ruptures 
than with pure MCL injury.27 Pellegrini-Stieda disease 
may also be a rare complication. This condition consists 
of focal calcium deposition in the area of the injured 
ligament, typically on the femoral insertion of the MCL. 
Massage or manipulation may worsen this condition. 

Instead, calcium reabsorption may be stimulated by dry 
needling.4,9

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. If the injured 
knee is immobilized for too long or if range of motion 
does not proceed in an appropriate fashion, stiffness 
may result with possible loss of full extension. Similarly, 
if a surgeon reattaches the deep or superfi cial compo-
nents of the MCL to the femoral condyle as opposed to 
the epicondyle, ankylosis of the joint may result, re-
stricting fl exion as well as extension.5
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DEFINITION
Compartment syndrome can be either an acute or 
chronic condition caused by increased tissue pressure 
within an enclosed fascial space. The focus of this chap-
ter is compartment syndrome of the leg, although it can 
also affect the thighs or upper extremities.

Acute Compartment Syndrome
Acute compartment syndrome is a serious condition 
caused by a rapid rise in pressure in an enclosed space. 
If the pressure is high enough and maintained long 
enough, decreased blood fl ow causes necrosis of the 
muscles and nerves in the involved compartment. 
If fasciotomy is not performed, patients may suffer 
contractures, paralysis, infection, and gangrene in 
the limb as well as systemic problems, such as myo-
globinuria and kidney failure.1 Acute compartment 
syndrome is most commonly caused by a tibial frac-
ture2,3 and can occur in as many as 17% of these frac-
tures.3 The anterior compartment is most commonly 
affected, although multiple compartments are often 
involved. Other forms of trauma, such as crush inju-
ries, muscle rupture, direct blow to a muscle, and cir-
cumferential burns, can also lead to compartment 
syndrome. Direct pressure, such as from a cast or anti-

shock garment, can increase the risk for compartment 
syndrome.4

Nontraumatic causes of acute compartment syndrome are 
more rare. These include hemorrhage into a compart-
ment, as can occur in anticoagulated patients,4 and com-
partment syndrome after diabetic muscle infarction.5

Another cause of compartment syndrome is ischemia 
and then hyperperfusion caused by prolonged surgery 
in the lithotomy position. This is also known as well-leg 
compartment syndrome and is most often seen after 
pelvic and perineal surgery. Risk factors include the 
length of the procedure, the amount of leg elevation, 
the amount of perioperative blood loss, and the pres-
ence of peripheral vascular disease and obesity. The 
overall incidence in complex pelvic surgeries may be as 
high as 1 in 500.6

Chronic Compartment Syndrome
This is also known as chronic exertional compartment 
syndrome (CECS) and is an overuse injury most com-
monly seen in runners,7 cyclists, and other athletes in 
sports that demand running, such as basketball and soc-
cer. In CECS, the fascia in the lower leg does not accom-
modate to the increase in blood fl ow and fl uid shifts 
that may occur with heavy exercise.2 An increase in com-
partmental pressure then interferes with blood fl ow, 
leading to ischemia and pain.8

SYMPTOMS
The area in which symptoms occur and the type of com-
plaints depend on which compartment is involved.

Acute Compartment Syndrome
Patients may present with pain out of proportion to the 
injury and swelling or tenseness in the area. Other 
symptoms include severe pain with passive movement 
of the muscles within the compartment, loss of volun-
tary movement of the muscles involved, and sensory 
changes and paresthesias in the area supplied by the 
nerve involved.2,3

Synonyms
Acute Compartment Syndrome
Volkmann ischemia
Traumatic tension in muscles
Calf hypertension
Chronic Compartment Syndrome
Chronic exertional compartment syndrome
Exercise-induced compartment syndrome
Anterior or medial tibial pain syndrome

ICD-9 Codes
728.9 Unspecifi ed disorder of muscle, ligament, and fascia
958.8  Other early complications of trauma (compartment 

syndrome)
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Chronic Compartment Syndrome
In chronic compartment syndrome, symptoms start 
gradually, usually with an increase in training load or 
training on hard surfaces. The pain is described as ach-
ing, burning, or cramping and occurs with repetitive 
movements, most commonly running but also with 
dancing, cycling, and hiking. The pain usually occurs 
around the same time each time the patient participates 
in the activity (e.g., after 15 minutes of running) 
and increases or stays constant if the activity continues. 
The pain disappears or dramatically lessens after a few 
minutes of rest.

As symptoms progress, a dull aching pain may persist. 
Pain may be localized to a particular compartment, al-
though multiple compartments can often be involved. 
Numbness and tingling may occur in the nerves that 
travel within the involved compartment. Chronic com-
partment syndrome can be seen with other overuse 
syndromes (e.g., concurrent with tibial stress fractures).

PHYSICAL EXAMINATION
The examination is focused on the following four com-
partments of the leg (Fig. 58-1).

Anterior compartment contains the tibialis anterior, 
which dorsifl exes the ankle; the long toe extensors, 
which dorsifl ex the toes; the anterior tibial artery; and 
the deep peroneal nerve, which supplies sensation to 
the fi rst web space.

Lateral compartment contains the peroneus longus 
and brevis, which evert the foot, and the superfi cial 
peroneal nerve, which supplies sensation to the dor-
sum of the foot.

Superfi cial posterior compartment contains the gastroc-
nemius and soleus muscles, which plantar fl ex the foot, 
and part of the sural nerve, which supplies sensation to 
the lateral foot and distal calf.1,9,10

Deep posterior compartment contains the tibialis poste-
rior, which plantar fl exes and inverts the foot; the long 
toe fl exors, which plantar fl ex the toes; the peroneal ar-
tery; and the tibial nerve, which supplies sensation to 
the plantar surface of the foot. This compartment may 
contain several subcompartments.11

Acute Compartment Syndrome
In acute compartment syndrome, patients present with 
a swollen, tense leg. They have weakness or paralysis of 
the muscles involved in the affected compartment and 
numbness in the area supplied by the nerve involved in 
the affected compartment. Pulses and capillary refi lls 
are generally normal, as these are involved only with 
extremely high pressures.2,3,12,13

Chronic Compartment Syndrome
In chronic compartment syndrome, patients may have 
pain with palpation of the muscles involved or may 
be asymptomatic at rest. The compartment may feel 
fi rm. In approximately 40% of cases, muscle hernia-
tion in the compartment can be palpated, especially 
in the anterior and lateral compartments where the 
superfi cial peroneal nerve pierces the fascia.14 In se-
vere cases, numbness may occur in the area supplied 
by the nerve involved, but this is usually normal at 
rest.2 Weakness may be present, depending on the 
compartment involved: dorsifl exion weakness if the 
anterior compartment is involved, foot eversion weak-
ness if the lateral compartment is involved, and plan-
tar fl exion weakness if one of the posterior compart-
ments is involved.

Pain is reproduced by repetitive activity, such as toe 
raises, or running in place. Compartment syndrome oc-
curs more commonly in patients who pronate during 
running; thus, pronation is a common fi nding on 
physical examination.1,2,15

FUNCTIONAL LIMITATIONS
Acute Compartment Syndrome
The sequelae of new compartment syndrome may be 
nerve and muscle injury with resulting footdrop, severe 
muscle weakness, and contractures. This can lead to an 
abnormal gait and all the limitations that this can cause, 
including diffi culties with stairs, sports participation, 
and activities of daily living.

Chronic Compartment Syndrome
With chronic compartment syndrome, functional limita-
tions usually occur around the same point each time 
during exercise, at that individual’s ischemic threshold. 
For example, symptoms may start to develop each time 
a runner reaches the half-mile mark or each time a cyclist 
climbs a large hill. This may signifi cantly limit sports 
participation and occasionally even interferes with ac-
tivities of daily living, such as prolonged walking.

Anterior 
compartment 

Lateral 
compartment 

Deep posterior 
compartment 

Superficial
posterior 

compartment 

FIGURE 58-1. The focus of the physical examination in compartment 
syndrome is the anterior, lateral, superfi cial posterior, and deep posterior 
compartments.
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DIAGNOSTIC STUDIES
The “gold standard” for diagnosis is compartmental tis-
sue pressure measurement. The devices most commonly 
used to measure intracompartmental pressures were tra-
ditionally the slit and wick catheters (Fig. 58-2).2 Newer 
devices, such as the transducer-tipped probe (Fig. 58-3), 
are now gaining popularity.16

Acute Compartment Syndrome
Traditionally, tissue pressure above 30 mm Hg was con-
sidered the cutoff value for fasciotomy to be performed.2,16

Normal pressure is less than 10 mm Hg. However, it is 
likely that many unnecessary fasciotomies were performed 
by use of this measure alone. Currently, continuous 
monitoring of compartment pressures is used in high-risk 
cases, such as leg trauma with tibial fractures. The differ-
ential pressure, calculated as the intramuscular pressure 
subtracted from the diastolic blood pressure, determines 
whether fasciotomy is indicated. Studies have shown that 
if this number remains consistently above 30, even with 
markedly elevated tissue pressures, patients have excellent 
clinical outcomes and fasciotomy is not necessary.17,18

Because of the invasive nature of compartmental pressure 
measurements, other diagnostic tools have been sought. 
Magnetic resonance imaging may be helpful in making 
the diagnosis. Changes seen with acute compartment 
syndrome include loss of normal muscle architecture on 
T1-weighted images, edema within the compartment, 
and strong enhancement of the affected compartment 
with the contrast agent gadolinium-DTPA.19

Chronic Compartment Syndrome
For CECS, absolute pressure measurements obtained at 
rest and during and after exercise are used to make the 
diagnosis. Interestingly, there does not seem to be a 
particular threshold compartmental pressure at which 

symptoms occur, and patients with higher pressures do 
not necessarily have worse symptoms than those of pa-
tients with less abnormal pressures.8

The following is one set of values2,13 commonly used to 
diagnose anterior compartment syndrome:

 ● Pre-exercise pressure >15 mm Hg
 ● 1 minute after exercise >30 mm Hg
 ● 5 minutes after exercise >20 mm Hg

Values for posterior compartments are more controversial. 
Normal resting pressures are less than 10 mm Hg, and 
values should return to resting levels after 1 to 2 minutes 
of exercise.13

Anterior 
compartment 

Lateral 
compartment 

Deep posterior 
compartment 

Superficial posterior
compartment 

FIGURE 58-2. Compartmental tissue pres-
sure measurements for the diagnosis of 
compartment syndrome with the use of 
slit and wick catheters.
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Highly integrated 
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with A/D converter 

A B 
FIGURE 58-3. Transducer-tipped probe. A, Handheld device. B, Cathe-
ter tip with pressure-sensing mechanics. (From Willy C, Gerngross H, 
Sterk J.  Measurement of intracompartmental pressure with use of a new 
electronic transducer-tipped catheter system. J Bone Joint Surg Am 
1999;81:158-168.)
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It is important that the patient’s symptoms correlate with 
the compartment in which there is elevated pressure. Pres-
sure should increase in the symptomatic compartment 
with exercise and remain elevated for an abnormal 
time.8,10

Drawbacks to measurement of pressures include the fol-
lowing:

 ● They are invasive and can be complicated by 
bleeding or infection.

 ● Because of the anatomy, it is more diffi cult to test 
the deep posterior compartment.

 ● Pressures are dependent on the position of the leg 
and the technique used, so strict standards should 
be followed.

 ● It is time-consuming because each compartment 
must be tested separately, and all compartments 
should be tested because multiple areas are often 
involved.

 ● It is often diffi cult for patients to exercise with the 
catheter in place.15,20

Because of these drawbacks, alternative tests to con-
fi rm the diagnosis are sometimes used. Magnetic reso-
nance imaging done before and after exercise can 
show increased signal intensity throughout the af-
fected compartment in the T2-weighted images after 
exercise in patients with compartment syndrome.21,22

Near-infrared spectroscopy measures hemoglobin sat-
uration and has shown evidence of ischemia in pa-
tients with CECS. These diagnostics appear similar to 
compartmental pressure measurements in sensitivity 
and specifi city.22

TREATMENT
Initial

Acute Compartment Syndrome

Initial treatment of acute compartment syndrome is 
surgery.

Chronic Compartment Syndrome

For chronic compartment syndrome, the initial treatment 
consists of rest, ice, and nonsteroidal anti-infl ammatory 
drugs. Control of pronation with orthotics is important. 
The patient should be counseled to avoid running on 
hard surfaces and to wear running shoes with the appro-
priate amount of cushion and a fl ared heel.2 Massage has 
been shown in small studies to be promising, but more 
research needs to be done in this area to see whether 
long-term signifi cant changes can be made with either 
manual therapy or massage.24

Rehabilitation

Acute Compartment Syndrome

The rehabilitation of acute compartment syndrome is 
limited to the post-fasciotomy stage. Rehabilitation de-
pends on the extent of the injury. Proper skin care for 
either the open area left to close by secondary intent or 
the skin grafts that have been applied is imperative. An 
ankle-foot orthotic to correct footdrop is often needed. 
Physical therapy is needed for gentle range of motion 
exercises to prevent contractures and should begin as 
soon after surgery as possible and as allowed by wound 
healing issues. Other measures include strengthening in 
muscles that may be only partially affected and gait 
training, possibly with an assistive device. There is no 
literature to support any specifi c rehabilitation proto-
cols, and so programs should be individualized on the 
basis of the particular patient’s needs. If the patient has 
defi cits in activities of daily living, such as dressing or 
transfers, occupational therapy may be helpful in ad-
dressing these areas.

Chronic Compartment Syndrome

The rehabilitation of chronic compartment syndrome 
has not been fully explored.

Because it is an overuse injury, the fi rst line of treatment 
is generally relative rest and analysis to correct the un-
derlying cause. For example, it is generally thought that 
CECS occurs more commonly in those with excessive 
pronation, so rehabilitation focuses on establishing 
normal muscle lengths throughout the kinetic chain, 
especially lengthening through stretching exercises for 
the gastrocnemius and posterior tibialis, and strength-
ening the anterior tibialis.24 Shoe orthoses to address 
overpronation may also be helpful. Training errors, 
such as too rapid increases in intensity or duration of 
running, are addressed and corrected.

If fasciotomy is done for chronic compartment syn-
drome, postsurgical rehabilitation should follow. Weight 

Differential Diagnosis

Acute Compartment Syndrome
Arterial occlusion

Severe muscle trauma

Neurapraxia of the common, deep, or superfi cial 
peroneal or tibial nerve

Deep venous thrombosis

Cellulitis

Chronic Compartment Syndrome
Tibial or fi bular stress fractures

Shin splints

Atherosclerosis with vascular claudication

Popliteal artery compression from aberrant insertion 
of the medial gastrocnemius

Muscle hyperdevelopment causing compression of 
the popliteal artery

Cystic adventitial disease23
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bearing is permitted as tolerated, and gentle range of 
motion exercises are begun 1 to 2 days postoperatively. 
Strengthening and gradual return to activity begin at 
1 to 2 weeks. Full return to activity such as running usu-
ally takes 8 to 12 weeks.25

Procedures
Procedures are not typically done in compartment syn-
drome except as stated earlier to measure compartmen-
tal pressures as a diagnostic procedure.

Surgery

Acute Compartment Syndrome

Fasciotomy should be performed for acute compart-
ment syndrome as soon as possible. Large longitudinal 
incisions are made in the affected compartment. These 
incisions are left open to be closed gradually, or split-
thickness skin grafts are applied. Results of the surgery 
are variable and depend on the length of time of is-
chemia and other injuries involved.26

If treatment is delayed for more than 12 hours, it is as-
sumed that permanent damage has occurred to the 
muscles and nerves in the involved compartment. Some-
times, patients are managed with supportive care: pain 
management, observation of renal status, and monitor-
ing of fl uids. This is because increased morbidity, espe-
cially infection and loss of limb, and increased mortality 
have been shown with delayed fasciotomy. Late recon-
struction procedures can be done, if necessary, to correct 
muscle contractures or to perform tendon transfers for 
footdrop.26

Chronic Compartment Syndrome

Fasciotomy is also the mainstay for surgical treatment of 
chronic compartment syndrome, and some authors state 
that there is a 100% failure rate with conservative treat-
ment. This may be because the population of patients 
that specialists see for this problem has already had failed 
conservative management by the time the diagnosis is 
made. The average time from the onset of symptoms to 
the time that the diagnosis is made is 22 months.2

For chronic compartment syndrome, different tech-
niques for fasciotomy have been described. Most consist 
of making a small incision in the skin and then releas-
ing the fascia as far proximally and distally as possible 
while avoiding nerves and vessels.

Results of surgery are usually good, with average success 
rates of 80% to 90% as defi ned by a decrease in symp-
toms and a return to sports.25

POTENTIAL DISEASE COMPLICATIONS
Acute Compartment Syndrome
In acute compartment syndrome, ischemia of less than 
4 hours usually does not cause permanent damage. If 
ischemia lasts more than 12 hours, severe damage is 

expected. Ischemia of 4 to 12 hours can also cause sig-
nifi cant damage, including muscle necrosis, muscle 
contractures, loss of nerve function, infection, gangrene, 
myoglobinuria, and renal failure. Amputation of the af-
fected limb is sometimes necessary, and even death may 
occur from the systemic effects of necrosis or infection.1-3

Recurrence has also been known to develop. Calcifi c 
myonecrosis can also be a late side effect.27

Chronic Compartment Syndrome
Chronic compartment syndrome may cause some dam-
age to the muscle and nerves, but this has not been 
defi nitively proved.

POTENTIAL TREATMENT 
COMPLICATIONS
Fasciotomy for acute compartment syndrome has serious 
complications. Mortality rates are 11% to 15%, and seri-
ous morbidity is common, including amputation rates of 
10% to 20% and diminished limb function in 27%.28

Fasciotomy for chronic compartment syndrome is gen-
erally a much less extensive surgery on a much healthier 
population, and complications are uncommon. They 
may include bleeding, infection, and nerve injury, par-
ticularly to the superfi cial peroneal nerve, and nonrelief 
or recurrence of symptoms. Case series report a recur-
rence rate of 3% to 20%. The most common reasons for 
recurrence are excessive scar tissue formation, causing 
the compartment to become tight again, and inadequate 
fascial release. A case series exploring the outcome of 
repeated fasciotomy for recurrence of symptoms re-
ported that 70% of patients had good or excellent out-
comes.29

One potential long-term complication of fasciotomy is 
an increased risk for development of chronic venous 
insuffi ciency caused by the loss of the calf musculove-
nous pump.30
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DEFINITION
Hamstring strains are among the most common muscle 
injuries, particularly in athletes. The hamstrings consist 
of three muscles: the semimembranosus and semitendi-
nosus muscles medially, and the long and short heads of 
the biceps femoris muscle laterally. The term hamstring
comes from slaughterhouses, where hogs are hung up by 
these strong tendinous muscles when slaughtered.1

Hamstring strains constitute a range of injuries from 
delayed-onset muscle soreness to partial tears to com-
plete rupture of the muscle-tendon unit.2 Injuries can 
occur from direct or indirect forces. Direct forces refer to 
lacerations and contusions. Complete avulsion of the 
proximal hamstring origin from the ischial tuberosity 
has been described, most commonly in water-skiers.3,4

These injuries occur when a forced hip fl exion is sus-
tained while the knee remains in complete extension.

The majority of hamstring injuries, however, occur from 
indirect forces with exertional use of the muscles, such 
as running, sprinting, and hurdling. Most hamstring 
injuries occur at the myotendinous junction during ec-
centric actions when the muscle lengthens while devel-
oping force, most commonly in the lateral hamstrings.1
The biceps femoris has two heads with different origins 
and dual innervation and is therefore considered a “hy-
brid” muscle.5 Dyssynergic contraction of the muscles is 
one of many proposed etiologic factors predisposing 
the hamstrings to strain. Other proposed etiologic fac-
tors include the hamstring’s being a two-joint muscle, 

insuffi cient hamstring fl exibility (Fig. 59-1), insuffi cient 
warm-up and stretching before activity, strength imbal-
ance between the hamstrings and quadriceps, strength 
imbalances between the right and left hamstrings, previ-
ous injury to the hamstring, higher running speeds, and 
poor strength or endurance of the hamstrings. Ham-
string strains can occur in a variety of patients from 
young to old and in any level of athletics from the 
“weekend warrior” to the elite athlete.

The hamstrings function over two joints. Like other biar-
ticular muscle groups, such as the quadriceps femoris, 
the gastrocnemius, and the biceps brachii, the ham-
strings are more susceptible to injury. The hamstrings 
cross the hip and knee joint (with the exception of the 
short head of the biceps femoris). During the later part 
of the swing phase of gait, the hamstrings act eccentri-
cally to decelerate knee extension; and at heel strike, the 
hamstrings act concentrically to extend the hip. During 
running, this rapid change in function puts the muscle 
at risk for injury; the higher the running speed and an-
gular velocity, the greater the forces at heel strike.6,7 Any 
large strength imbalance between the larger and stronger 
quadriceps and the hamstrings will put the hamstrings 
at a disadvantage. If the synergy of antagonists is altered, 
a vigorous contraction of the weaker muscle may result 
in injury. Any factor that adversely affects the neuromus-
cular coordination during running, such as lack of pro-
per warm-up, poor training, or muscle fatigue, may re-
sult in a strain injury.

Hamstring strains can be divided into three grades 
according to their severity:
 1. Grade I or fi rst-degree strain: mild strain with 

minimal muscle damage (less than 5% of muscle 
fi ber disruption). There is associated pain but lit-
tle or no loss of muscle strength.

 2. Grade II or second-degree strain: moderate strain 
with more severe partial tearing of the muscle but 
no complete disruption of the myotendinous 
unit. Pain is present with loss of knee fl exion 
strength.

 3. Grade III or third-degree strain: severe strain in-
volving complete tearing of the myotendinous 
unit. This injury presents with severe pain and 
marked loss of knee fl exion strength.2,8

Synonyms
Hamstring contusion
Hamstring pull
Hamstring tear
Hamstring avulsion
Delayed-onset muscle soreness of the posterior thigh
Stretch-induced injury to the hamstring

ICD-9 Code
843.9 Sprains and strains of hip and thigh, other specifi ed site
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Avulsion of the hamstrings tendon from its origin on 
the ischium or distally from the tibia or fi bula is not 
graded like the classic myotendinous strains. These inju-
ries are usually complete or partial avulsion injuries and 
described as such.

SYMPTOMS
At the time of injury, patients typically report a sudden, 
sharp pain in the back of the thigh. Some describe a 
“popping” or tearing sensation. There is generalized 
pain and point tenderness at the site of injury. The pa-
tient may complain of tightness, weakness, and impaired 
range of motion. Depending on the severity of the in-
jury, the individual may or may not be able to continue 
the activity and occasionally is unable to bear weight on 
the affected limb. Swelling and ecchymosis are variable 
and may be delayed for several days. The ecchymosis 
may descend to the thigh and present at the distal thigh 

or back of the knee, calf, or ankle. The injury may occur 
in the early or late stages of activity, and patients may 
give a history of inadequate warm-up or fatigue.

Rarely the patient may complain of symptoms of numb-
ness, tingling, and distal extremity weakness. If these are 
present, further investigation into a sciatic nerve irrita-
tion is warranted. Complete tears and proximal ham-
string avulsion injuries can cause a large hematoma or 
scar tissue to form around the sciatic nerve.9,10

Alternatively, any change in training patterns and in-
creased eccentric exercise in a previously untrained subject 
can lead to hamstring injury with delayed-onset muscle 
soreness. This is believed to be the result of microscopic 
damage followed by a local infl ammatory response.11

PHYSICAL EXAMINATION
The physical examination begins with assessment of gait 
abnormalities. Patients with hamstring injuries often 
have a shortened walking gait or running stride associ-
ated with a limp. Swelling and ecchymosis may not be 
detectable for several days after the initial injury, and the 
amount of bleeding depends on the severity of the strain. 
Unlike direct muscle contusions, in which the ecchymo-
sis remains confi ned to the muscle proper, the bleeding 
in a hamstring strain can escape through the ruptured 
fascia with resultant ecchymosis into interfascial spaces, 
explaining the common fi nding of ecchymosis distal to 
the site of injury.12

The posterior thigh is inspected for visible defects 
and deformity, asymmetry, swelling, and ecchymosis 
(Fig. 59-2). The entire length of the hamstrings should 

Hamstrings 

Quadriceps 

FIGURE 59-1. Tight hamstring muscles may lead to an imbalance 
between the quadriceps and hamstring muscles, placing an athlete at 
increased risk for injury.

FIGURE 59-2. Clinical photograph of posterior thigh deformity after 
complete tear of the hamstrings.
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be palpated, including the proximal origin near the 
ischial tuberosity and distal insertions at the posterior 
knee. A palpable defect in the posterior thigh indi-
cates a more severe injury with possible complete 
rupture of the muscle.

Active and passive range of motion of the hamstrings 
should be tested and compared with the contralateral 
side. Range of motion of the knee can be measured with 
the hip at 90 degrees in the supine position or sitting 
position. Defi cits in knee and hip range of motion are 
common, and the point at which pain limits range of mo-
tion should be noted (Fig. 59-3). Concentric and eccentric 
muscle strength testing of the hamstrings should also be 
performed with the patient both sitting and prone. Weak-
ness of knee fl exion and hip extension is common. Asym-
metry of the hamstrings can sometimes be accentuated 
with active-resisted static muscle contraction. A soft tissue 
defect with distal bulging of the retracted muscle belly 
indicates a partial or complete rupture.

Neurologic examination fi ndings should be normal 
except for strength testing of the hamstring group and 
in rare cases when there is an associated sciatic nerve 
irritation. In these cases, there may be weakness, par-
ticularly notable in plantar fl exion, and loss of the 
affected Achilles refl ex.

FUNCTIONAL LIMITATIONS
Most patients sustaining a hamstring strain have no re-
sidual defi cits and return to their previous level of func-
tion. However, others may experience diffi culty with 
walking or running, time lost from occupation, and 
delayed return to sports. Hamstring strains heal slowly 
and are at high risk for reinjury if return to activities is 
too early. With severe injuries, it may take up to 1 year 
for patients to resume preinjury activities; in some cases 

of complete ruptures, patients never return to the previ-
ous level of function.13

DIAGNOSTIC STUDIES
The common hamstring strain usually requires no ad-
ditional testing because the diagnosis is made by history 
and clinical examination. However, more severe cases 
may warrant diagnostic imaging. If the injury localizes 
near the origin of the hamstrings, plain radiographs 
may help identify irregularities of the ischial tuberosity, 
such as a bone avulsion of the ischial tuberosity (espe-
cially in the adolescent). Other radiographic fi ndings 
may include ectopic calcifi cation consistent with chronic 
myositis ossifi cans.1,8 Magnetic resonance imaging is 
being used more commonly to determine the degree of 
injury and to identify complete proximal avulsion inju-
ries (Fig. 59-4).

TREATMENT
Initial
Initial management of a hamstring strain consists of the 
PRICE principle (protection, rest, ice, compression, and 
elevation). Relative rest and protection may involve 
weight bearing as tolerated or, with higher grade inju-
ries (grade II or grade III injuries), cane or crutch walk-
ing. Ambulatory aids help prevent tissue irritation and 
the resulting infl ammation, both of which prolong re-
covery. Assistive devices should be used until the patient 
can walk without a limp in a normal heel-toe gait. The 
application of ice as often as every 2 or 3 hours for 
20 minutes the fi rst few days is indicated to limit the 
amount of pain and swelling. Ice provides an anti-
infl ammatory effect and helps reduce swelling. Icing is 
continued through the recovery to inhibit infl ammation 
and to allow muscle healing. Compression by taping or 
elastic wrapping of the thigh combined with elevation 
reduces hemorrhage, thereby helping control edema 
and pain. Nonsteroidal anti-infl ammatory drugs and 
other analgesics are commonly used to limit the infl am-
matory reaction and for pain control in the fi rst few 
days. Soft tissue mobilization to the site of pain should 

FIGURE 59-3. Measurement of hamstring tightness. With the patient 
supine and the hip fl exed 90 degrees, the knee should extend fully if the 
hamstrings are fl exible. If the knee will not extend completely, the resid-
ual knee fl exion angle is measured and recorded as hamstring tightness. 
(Reprinted with permission from Mellion MB. Offi ce Sports Medicine, 
2nd ed. Philadelphia, Hanley & Belfus, 1996:275.)

Differential Diagnosis

S1 radiculopathy

Piriformis syndrome

Referred pain from sacroiliac joint or lumbar spine

Bone avulsion or apophysitis of the ischial tuberosity

Ischial bursitis (weaver’s bottom)

Stress fracture in the pelvis, femoral neck, or femoral 
shaft

Adductor magnus strain
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be avoided for at least 5 days because this may exacer-
bate the infl ammatory response.

Rehabilitation
The elements of a hamstring rehabilitation program 
involve a pain-free progression of stretching, strength-
ening, and sports-specifi c activities. In the acute phase, 
pain-free range of motion should be achieved as soon 
as possible to prevent adhesions and scarring in the 
muscle tissue. Patients should start with pain-free active 
range of motion and progress to pain-free passive range 
of motion and gentle stretching. For a full stretch of the 
hamstring muscle to be achieved, the hip must be fl exed 
to 90 degrees and the knee fully extended. This stretch 
is best achieved in the supine position; a towel can fa-
cilitate hamstring lengthening (Fig. 59-5). It is also 
critical to improve fl exibility throughout the spine and 
lower extremities. Strengthening can begin when the 
patient achieves full active extension without pain. It is 
best to start with static contractions, such as multiple-
angle submaximal isometric exercises.14 Once these are 
performed at 100% effort without pain, the patient may 
progress to isotonic exercise, such as prone hamstring 
strengthening and isokinetic exercise. These concentric 
strength exercises are followed by eccentric strength ex-
ercises and sports-specifi c activities as tolerated. Return 
to sport is allowed when full motion is restored, strength 
is at least 90% that of the uninjured side, and 
hamstring-quadriceps strength ratio is symmetric.6
Hamstring fl exibility must be maintained throughout 
the rehabilitation process to prevent reinjury. Aerobic 
conditioning should continue throughout the rehabili-
tation process. Bicycling without toe clips (toe clips in-
crease use of hamstrings), swimming or jogging in a 
pool, and upper body ergometry are recommended. 

Rehabilitation programs incorporating progressive agil-
ity and trunk stabilization exercising have been shown 
to decrease reinjury rates.15

It is critical to educate patients about how to prevent 
recurrent hamstring injuries. This includes a good warm-
up period before engaging in sports. Full return to play 
must be gradual because the risk of recurrent injury is 
high. In addition, training errors, such as an abrupt 
switch to a hard surface or an increase in training inten-
sity, should be avoided.

Procedures
Procedures are not typically performed in hamstring 
strain injuries.

Surgery
Routine hamstring strains do not require surgical inter-
vention and respond well to a conservative rehabilita-
tion program. However, in the case of complete ham-
string avulsion from the ischial tuberosity, surgical 
repair is recommended because of the residual loss of 
power and function in nonoperatively treated pa-
tients.3,4,16 Surgical neurolysis is also recommended for 
the rare complication of symptomatic scarring around 
the sciatic nerve.9,10

POTENTIAL DISEASE COMPLICATIONS
The most common complication of hamstring strain is 
recurrent injury. Loss of hamstring fl exibility and 
strength as well as neuromuscular coordination puts the 
patient at risk for reinjury, especially if the return to ac-
tivity is before full recovery.

Sc

SM

ST
BF

FIGURE 59-4. Axial magnetic resonance image demonstrating injury to the semitendinosus (ST), semimembranosus (SM), and biceps femoris (BF) 
muscles. The sciatic nerve (Sc) is shown anterior to the muscles and within the hematoma of injury.
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Two cases of posterior thigh compartment syndrome 
have been reported with complete hamstring tears, one 
resulting from injury alone and one complicated by 
anticoagulation therapy.17,18 Complete hamstring tears 
can also result in substantial scar formation around the 
sciatic nerve within the posterior thigh. Patients may 
present with radicular-type symptoms ranging from 
sensory paresthesias to footdrop.

Patients with chronic complete hamstring avulsion off 
the ischial tuberosity may complain of pain, weak-
ness, and cramping as well as diffi culty in running and 
walking and poor leg control, especially walking 
downhill.3

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory drugs are known to 
have gastrointestinal, renal, and liver side effects. Ul-
trasound therapy should be avoided in the acute treat-
ment of high-degree strains, especially if hematoma 
formation is suspected, because it may extend the 
hematoma.18

FIGURE 59-5. Stretching the hamstring fully requires the hip to be at 90 degrees with the ankle dorsifl exed. However, forceful stretching should be 
avoided.
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DEFINITION
The iliotibial band (ITB) is a dense fascia on the lateral 
aspect of the knee and hip.1 Traditionally, the gluteus 
maximus and tensor fascia lata were thought to be the 
proximal origin of the ITB. Further anatomic dissections 
have demonstrated that the gluteus medius also has di-
rect and indirect contributions to the ITB (Fig. 60-1).2 In 
the distal thigh, the ITB passes over the lateral femoral 
epicondyle and separates into two components. The il-
iotibial tract of the distal ITB attaches to Gerdy tubercle 
of the anterolateral proximal tibia. The iliopatellar band 
of the ITB has aponeurotic connections to the patella 
and the vastus lateralis.3 An anatomic pouch can be 
found underlying the posterior ITB at the level of the 
lateral femoral epicondyle. Controversy exists as to 
whether this pouch is a bursa, a synovial extension of 
the knee joint, or degenerative tissue.4 Others have re-
ported that a highly innervated fat pad overlies the lat-
eral femoral epicondyle.5

Iliotibial band syndrome (ITBS) or iliotibial band fric-
tion syndrome is an overuse injury typically referring to 
lateral knee pain as a result of impingement of the dis-
tal ITB over the lateral femoral epicondyle. Less com-
monly, ITBS may refer to hip pain associated with 
movement of the ITB across the greater trochanter. This 
chapter deals primarily with distal ITBS. The suspected 
pain generator in ITBS is as controversial as the anat-
omy around the lateral epicondyle. It has been postu-
lated to be bursitis, synovitis, or irritation of the fat 
pad.6 Although the anatomic pain generator may not 
be fully known, pain at the distal aspect of the ITB is 
thought to be caused by the fi bers of the ITB passing 

over the lateral femoral epicondyle with knee fl exion 
and extension.6

Friction has been implicated as the most important fac-
tor in ITBS.7,8 Maximum friction occurs when the poste-
rior fi bers of the ITB pass over the lateral femoral epicon-
dyle at 20 to 30 degrees of knee fl exion, the putative 
“impingement zone.” Repeated knee fl exion and exten-
sion, particularly with increased running mileage per 
week, creates friction and has been shown to predispose 
an individual to lateral knee pain.9 Friction has been 
shown to play a role in cycling activities as well. Cycling-
induced ITBS is thought to result from the repetitive ac-
tivity of cycling, as less time is spent in the impingement 
zone than during running activities.10 Other authors 
have theorized that pain is due not only to friction but 
also to compression of the fat pad between the ITB and 
the lateral femoral epicondyle. The compression of the 
fat pad was found to be greatest at 30 degrees of fl exion, 
similar to previous reports, and increased with internal 
rotation of the tibia during knee fl exion.5

Although it has not been extensively studied, poor neu-
romuscular control appears to be an important modifi -
able risk factor for ITBS. Weakness of hip abductors has 
been implicated in ITBS.6 Specifi cally, neuromuscular 
control is needed to attenuate the valgus–internal rota-
tion vectors at the knee after heel strike. If appropriate 
control is not available, the ITB may have an abrupt in-
crease in tension at its insertion site. Strengthening of 
the gluteus medius and tensor fascia lata, decelerators of 
the valgus–internal rotation vectors at the knee, has 
been shown to reduce symptoms of ITBS.11 Lack of dy-
namic fl exibility, particularly of the ITB, has been impli-
cated with ITB injury susceptibility. Yet, no research 
study to date has revealed a correlation between ITB 
tightness and ITB injury. Theoretically, however, tight-
ness of the ITB or its constituent muscles increases im-
pingement of the ITB on the lateral femoral epicondyle.7
Other risk factors that may be attenuated with proper 
shoe wear or foot orthoses include excessive foot-ankle 
pronation and supination.9,12,13 Increased ground reac-
tion force, as with running in old shoes, may also in-
crease frictional forces at the knee and exacerbate symp-
toms.7 Intrinsic or nonmodifi able factors, such as bone 
malalignment or a wide distal ITB, may contribute to 

Synonyms
Iliotibial band friction syndrome
Iliotibial tract friction syndrome
Snapping hip

ICD-9 Codes
719.65 Snapping hip
728.89 Iliotibial band syndrome
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the development of ITBS. Finally, repeated direct trauma 
to the lateral knee, particularly with soccer goalies, ap-
pears to be injurious to the ITB impingement area.14

SYMPTOMS
Symptoms of ITBS occur typically at the lateral femoral 
epicondyle but may emanate from the distal attach-
ment of the ITB at Gerdy tubercle on the tibia. ITBS is 
the most common cause of lateral knee pain in run-
ners.15 Individuals present with sharp or burning lat-
eral knee pain that is aggravated during repetitive activ-
ity. This pain may radiate up into the lateral thigh or 
down to Gerdy tubercle.16 Runners often describe a 
specifi c, reproducible time when the symptoms com-
mence.17 Pain usually subsides after a run; however, in 
severe cases, persistent pain may cause restriction in 
distance.18,19 Runners also note more pain with down-
hill running because of the increased time spent in the 

impingement zone.7 Paradoxically, runners state that 
faster running and sprinting often does not produce 
pain. Fast running allows the athlete to spend more 
time in knee angles greater than 30 degrees.7 Cyclists 
present with rhythmic, stabbing pain with pedaling. 
Specifi cally, they complain of pain at the end of the 
downstroke or the beginning of the upstroke. Bikers 
with improper saddle height and cleat position may 
experience greater symptoms.20

ITBS symptoms may also occur as a lateral snapping 
hip. An external or lateral snapping hip occurs as the 
ITB rapidly passes anteriorly over the greater trochanter 
as the femur passes from extension to fl exion.21 Ath-
letes, particularly dancers, sometimes experience an au-
dible painful snap on landing in poor turnout (de-
creased external rotation at the hip) and with excessive 
anterior pelvic tilt.22,23

PHYSICAL EXAMINATION
Physical examination begins with a screening examina-
tion of the joints above and below the site of injury. Hip 
girdle examination includes an assessment for joint 
range of motion, asymmetries,24 muscle strength (par-
ticularly hip abductors),11 and lumbopelvic somatic 
dysfunctions.25 The modifi ed Thomas and Ober tests 
are used to assess fl exibility of the ITB and related mus-
culature at the hip and knee (Figs. 60-2 and 60-3).26,27

The knee examination includes palpation, patellar ac-
cessory motion,28 and the Noble compression test 
(Fig. 60-4).8 Knee tenderness is noted either at the 
lateral femoral epicondyle (above the lateral joint 
line) or at Gerdy tubercle. Palpatory examination 
should also include a thorough assessment for myo-
fascial restrictions and trigger points along the lateral 
thigh musculature.17,18 On rare occasion, ITB swelling 
and crepitus accompany tenderness. Pain can also be 
frequently elicited by the Noble compression test.8
Other conditions are effectively ruled out by perform-
ing a relevant physical examination.

The foot and ankle examination is particularly useful 
in the determination of gastrocnemius-soleus infl exi-
bility, subtalar motion restrictions, and specifi c foot 
type (e.g., hindfoot varus). Finally, a biomechanical 
assessment of sports-specifi c activity can be done. 
Walkers and runners are observed for abnormalities 
such as excessive foot-ankle pronation, inability to at-
tenuate shock at the knee, Trendelenburg frontal plane 
gait at the pelvis, and forward trunk lean. Bicyclers are 
observed for proper foot placement on the pedal, 
saddle height, and knee angles with pedaling revolu-
tion.20 Dancers can be observed performing rond 
de jambe or grand plié for proper turnout and pelvic 
stabilization.22

The fi ndings of the neurologic examination, including 
strength, sensation, and refl exes, are typically normal. 
Strength may be affected by disuse or guarding due to 
pain, particularly in the hip abductors and external 
rotators.

Greater
trochanter

Iliotibial band 

FIGURE 60-1. Anatomy of the iliotibial band, which can cause “snapping” as 
it slips anteriorly and posteriorly over the prominent greater trochanter.
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FUNCTIONAL LIMITATIONS
ITBS pain usually restricts athletes from their sports ac-
tivity but does not typically cause limitations of daily 
activities. Yet, a vicious circle is set forth in which bio-
mechanical defi cits (e.g., gluteal weakness and ITB tight-
ness) cause ITB tissue injury with resultant functional 
adaptations to avoid the pain of the tissue injury (e.g., 
external rotation of the hip).24

DIAGNOSTIC STUDIES
Imaging has a limited role in ITBS because it is usually 
a clinical diagnosis. Radiographs are rarely helpful. Di-
agnostic ultrasonography has been used in some centers 
to confi rm injuries.29 Dynamic sonography may also be 
helpful in identifying abnormal motion of the proximal 
ITB in diagnosis of external snapping hip syndrome.30

When defi nitive diagnosis is needed or other diagnoses 
need to be excluded, magnetic resonance imaging has 
emerged as a potentially useful test.31 Magnetic reso-
nance imaging may show a thickened ITB or high inten-
sity on axial T2-weighted images.31,32

TREATMENT
Initial
Acute-phase treatment is akin to that of other musculo-
skeletal injuries. Relative rest consists of activity modi-
fi cation, particularly with restriction of those activities 
that exacerbate the pain symptoms. In most instances, 
this does not mean a complete cessation of activity. The 
clinician needs to emphasize the positive aspects of 
relative rest and provide alternative training regimens. 
The ITB can be relatively off-loaded if an individual can 

keep his or her activity below the threshold of pain. 
Frequently, this can be achieved by simply decreasing 
intensity or training duration. Medications such as 
nonsteroidal anti-infl ammatory drugs may help reduce 

FIGURE 60-2. Thomas test to assess hip fl exion contracture. The patient lies supine while the clinician fl exes one of the patient’s hips, bringing the 
knee to the chest to fl atten the lumbar spine. The patient holds the fl exed knee and hip against the chest. If there is a fl exion contracture of the hip, 
the patient’s other leg will rise off the table.

Differential Diagnosis

ITB: Hip
Hip joint disease

Meralgia paresthetica

Trochanteric bursitis

Internal snapping hip

Referred or radicular pain from lumbar spine

Primary myofascial pain

ITB:  Knee
Popliteus tendinitis

Lateral collateral ligament injury

Lateral hamstring strain

Lateral meniscus tear

Patellofemoral pain

Common peroneal nerve injury

Fabella syndrome

Lateral plica

Stress fracture

Primary myofascial pain
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pain and infl ammation in the fi rst few weeks of injury. 
If swelling is present, some authors advocate a local 
corticosteroid injection in the initial stages.17,18 As well, 
modalities such as ice massage can be helpful in the 
early period.

It is critical early on to address the biomechanical cause 
of ITB injury.

Rehabilitation
Ultrasound, phonophoresis, iontophoresis, and electri-
cal stimulation may also be used to reduce early infl am-
mation and pain.

The subacute phase of rehabilitation addresses the bio-
mechanical defi cits found on physical examination. 

A

B

C

FIGURE 60-3. Ober test to assess contracture of the ITB. The patient is side-lying with the lower leg fl exed at the hip and knee. The clinician passively 
abducts and extends the patient’s upper leg with the knee straight (A) or fl exed to 90 degrees (C). The test result is positive if the leg remains ab-
ducted and does not fall to the table (B).
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Typically, fl exibility defi cits are seen in the ITB, ilio-
psoas, quadriceps, and gastrocnemius-soleus.17,18 Proper 
stretching addresses all three planes and incorporates 
proximal and distal musculotendinous fi bers. Frederic-
son and colleagues33 studied the relative effectiveness of 
three commonly prescribed standing ITB stretches. The 
authors concluded that when overhead arm extension is 
added to the standing ITB stretch, the ITB length and 
average external adduction moments could be in-
creased.33 This stretch is performed standing with the 
symptomatic leg extended and adducted across the un-
involved leg. The subject laterally fl exes the trunk to-
ward the contralateral side and extends both arms over-
head (Fig. 60-5). A study evaluated the effectiveness of 
the Ober test (see Fig. 60-3) and the modifi ed Ober test 
in stretching the ITB and the most distal component, 
the iliotibial tract. The modifi ed test is performed the 
same as the Ober test except the knee remains extended 
at 0 degrees. The investigators used ultrasonography to 
assess the soft tissue changes of the iliotibial tract and 
concluded that both tests are effective in the initial 
stages of stretching. However, the modifi ed Ober test 
may afford a greater stretch of the iliotibial tract of the 
ITB when additional adduction of the hip is allowed.34

Some muscle groups do not respond to stretch unless 
myofascial and joint restrictions are concomitantly 
addressed by experienced therapists or by self-
administered techniques.17,18 Proper facilitation of hip 
girdle musculature can be achieved by addressing an-
tagonistic tight structures, such as tight hip fl exors or 
anterior hip capsule.35 Subtalar mobilizations are often 

needed to prevent excessive valgus–internal rotation 
forces from transferring to the knee and ITB.36 In con-
junction with a fl exibility and joint mobilization pro-
gram, strengthening of weak or inhibited muscles can 
be started. Strengthening regimens ultimately need to 
move away from the plinth to more functional activi-
ties, such as single squats and lunges, with an emphasis 
on proper pelvic and core stabilization.

Finally, the maintenance phase focuses on returning 
patients to their respective activities with confi dence in 
their functional abilities. In this phase, athletes are ide-
ally observed or videotaped in their sporting environ-
ment. Frequently, runners have form deviations that 
lead to uncontrolled valgus–internal rotation of the 
knee. These abnormalities include excessive pronation, 
inability to shock attenuate at the knee, and Trendelen-
burg frontal plane gait at the pelvis. A change to shock-
absorbing or motion-control shoes can accommodate 
supination and overpronation, respectively.37 Foot or-
thoses have also been advocated for runners with lower 
limb injuries. Their benefi t is as yet empirical. Cyclists 
can often correct their ITB problems with equipment 
and bicycle adjustments.16 Dancers performing rond de 
jambe or grand plié can be cued on maintaining turnout 
and neutral pelvic position.35 After sports-specifi c ad-
justments have been made, athletes need to be reintro-
duced to activity gradually and individually.

Procedures
Corticosteroid injections may be performed at different 
locations along the ITB. Injection into the anatomic 
pouch at the lateral femoral epicondyle is a relatively 
simple procedure and is advocated for patients with 
persistent pain and swelling17 (Fig. 60-6). A mixture of 

30°

FIGURE 60-4. Noble compression test to determine whether there is ITB 
friction at the knee. The patient lies supine, and the knee is fl exed to 
90 degrees (the hip fl exes as well). The clinician applies pressure with the 
thumb at the lateral femoral epicondyle while the patient slowly extends 
the knee. The test result is positive if the patient complains of severe pain 
over the lateral femoral epicondyle at 30 degrees.

ITB stretch

FIGURE 60-5. ITB stretch.
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anesthetic (e.g., 1 mL of 1% lidocaine) and long-acting 
steroid (e.g., 1 mL of betamethasone) is instilled to the 
affected site. A randomized controlled study evaluating 
the effi cacy of corticosteroid injections in runners with 
acute symptoms of ITB-mediated pain showed that 
runners in the injection group experienced less pain 
during running activities.38 Steroid injections should 
be repeated only if adequate relief is obtained after the 
initial injection. Patients can return to play as their 
pain allows.

Surgery
Surgical treatment of ITBS is rarely needed. Surgery in-
volves either excision of the posterior half of the ITB 
where it passes over the lateral femoral epicondyle or 
removal of the underlying putative bursa.39 These proce-
dures appear to have mixed results and should be con-
templated only for patients who have exhausted all 
other options, including a comprehensive rehabilita-
tion program as previously outlined.

POTENTIAL DISEASE COMPLICATIONS
If ITBS is not properly addressed, biomechanical adap-
tations can occur.24 Chronic pain, leading to progressive 
disability, is a potential complication.

POTENTIAL TREATMENT 
COMPLICATIONS
Rehabilitation complications are rare. Nonsteroidal 
anti-infl ammatory drugs and analgesics have well-
known side effects that may affect gastrointestinal, he-
patic, or renal function. Corticosteroid injections have 
the potential complications of infection, depigmenta-
tion of skin, and fl are of symptoms at the site of injec-
tion. Surgical procedures for ITBS carry inherent risks. 
Postoperative infection and other standard risks should 
be explained to patients before surgical interventions. 

FIGURE 60-6. Distal ITB injection technique at the lateral epicondyle of 
the femur.
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Knee Osteoarthritis 61
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DEFINITION
Osteoarthritis is steadily becoming the most common 
cause of disability for the middle-aged and has become 
the most common cause of disability for those older 
than 65 years.1 Before the age of 50 years, men have a 
higher prevalence and incidence than women do. How-
ever, after the age of 50 years, women have a higher 
overall prevalence and incidence.2 For these individuals, 
the knee is the body part most commonly involved by 
osteoarthritis. Symptomatic knee osteoarthritis is found 
in approximately 10% of the population older than 
65 years.3 In addition to the growing population of el-
derly patients with knee osteoarthritis, an increasing 
number of former athletes with previous knee injuries 
may experience post-traumatic knee osteoarthritis. 
Osteoarthritis of the knee results from mechanical and 
idiopathic factors. Osteoarthritis alters the balance be-
tween degradation and synthesis of articular cartilage 
and subchondral bone.

Osteoarthritis can involve any or all of the three major 
knee compartments: medial, patellofemoral, or lateral. 
The medial compartment is most often involved and 
often leads to medial joint space collapse and thus to a 
genu varum (bowleg) deformity. Lateral compartment 
involvement may lead to a genu valgum (knock-knee) 
deformity. Isolated disease of the patellofemoral joint 
occurs in up to a tenth of patients with osteoarthritis of 
the knee. Arthritis in one compartment might, through 
altered biomechanical stress patterns, eventually lead to 
involvement of another compartment.

Osteoarthritis affects all structures within and around a 
joint. Hyaline articular cartilage is lost. Bone remodel-
ing occurs, with capsular stretching and weakness of 
periarticular muscles. Synovitis is present in some cases. 
Ligamentous laxity also occurs. Lesions in the bone 
marrow may also develop, which may suggest trauma to 
bone.4 Osteoarthritis involves the joint in a nonuniform 
and focal manner. Localized areas of loss of cartilage 
can increase focal stress across the joint, leading to fur-
ther cartilage loss. With a large enough area of cartilage 
loss or with bone remodeling, the joint becomes tilted, 
and malalignment develops.

With regard to obesity, being overweight at an average 
age of 36 years is a risk factor for development of knee 
osteoarthritis in later life (�70 years). Loss of 5 kg of 
weight reduced the risk of symptomatic knee osteoar-
thritis in women (of average height) by 50%.5

Sports injuries and vigorous physical activity are consid-
ered to be important risk factors in knee osteoarthritis. 
Elite athletes who take part in high-impact sports do 
have an increased risk of knee osteoarthritis.6 It is un-
clear whether the increased risk in this particular study 
was directly related to traumatic injury. However, it has 
been suggested in another study that subjects with a his-
tory of knee injury are at a fi vefold to sixfold increased 
risk for development of knee osteoarthritis.7 Knee os-
teoarthritis is common in those performing heavy phys-
ical work, especially if this involves knee bending, 
squatting, kneeling, or repetitive use of joints.8,9 It is 
unclear if the association of knee osteoarthritis with 
these work-related activities is secondary to the nature 
of the work or the increased likelihood of injury.

Malalignment is the most potent risk factor for struc-
tural deterioration of the knee joint.10 By further in-
creasing the degree of focal loading, it creates a vicious 
circle of joint damage that ultimately can lead to joint 
failure.

SYMPTOMS
Knee osteoarthritis is characterized by joint pain, ten-
derness, decreased range of motion, crepitus, occasional 
effusion, and often infl ammation of varying degrees. 

Synonyms
Degenerative joint disease of the knee joint
Degenerative arthritis
Joint destruction of the knee
Osteoarthrosis

ICD-9 Codes
715.16 Osteoarthrosis, localized, primary, lower leg
715.26 Osteoarthrosis, localized, secondary, lower leg
716.16 Traumatic arthropathy, lower leg
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Initial osteoarthritis symptoms are generally minimal, 
given the gradual and insidious onset of the condition. 
Pain typically occurs around the knee, particularly 
during weight bearing, and decreases with rest. With 
progression of the disease, pain can persist even at rest. 
Activities associated with osteoarthritic pain are climb-
ing stairs, getting out of a chair, getting in and out of a 
car, and walking long distances.

Joint stiffness may occur after periods of inactivity, such 
as after awakening in the morning or prolonged sitting. 
Patients often report higher pain levels in the morning, 
but usually for less than 30 minutes. Patients often ex-
perience limitation of movement because of joint stiff-
ness or swelling. Many patients report a “locking” or a 
“catching” sensation, which is probably due to a variety 
of causes, including debris from degenerated cartilage 
or meniscus in the joint, increased adhesiveness of the 
relatively rough articular surfaces, muscle weakness, and 
even tissue infl ammation. Stiffness can discourage mo-
bility. This initiates a cycle that results in decondition-
ing, decreased function, and increased pain.

Barometric changes, such as those associated with damp, 
rainy weather, will often increase pain intensity. Patients 
often note that their knees “give way” or feel unstable at 
times.

Pain may also radiate to adjacent sites as osteoarthritis 
indirectly alters the biomechanics of other anatomic 
structures, such as ligaments, muscles, nerves, and veins.

PHYSICAL EXAMINATION
Examination of the patient includes testing for various 
possible causes of knee pain (see the section on differ-
ential diagnosis). Therefore, the entire limb from the 
hip to the ankle is examined. It is important to identify 
fi ndings such as quadriceps weakness or atrophy and 
knee and hip fl exion contractures. Gait should be ob-
served for presence of a limp, functional limb length 
discrepancy, or buckling. Genu varum or valgum is of-
ten better appreciated when the patient is standing.

The affected knee should be compared with the contra-
lateral uninvolved knee. Knee examination may reveal 
decreased knee extension or fl exion secondary to effu-
sion or osteophytes (both of which may be palpable). 
Osteophytes along the femoral condyles may be 
palpated, especially along the medial distal femur. Pal-
pation may reveal patellar or parapatellar tenderness. 
Crepitation, resulting from juxtaposition of roughened 
cartilage surfaces, may be appreciated along the joint 
line when the knee is fl exed or extended. A mild effu-
sion and tenderness may be appreciated along the me-
dial joint line or at the pes anserine bursa. Ligament 
testing may reveal laxity of one or both of the collateral 
ligaments. Lateral subluxation of the patella may be 
found in patients with genu valgum (Table 61-1).

The fi ndings of the neurologic examination are typically 
normal, with the exception of decreased muscle strength, 
particularly in the quadriceps, due to disuse or guarding 
secondary to pain.

Another clue on examination that the patient probably 
has knee osteoarthritis is the fi nding of visible bone en-
largements (exostoses) of the fi ngers. At the distal inter-
phalangeal joints, these are referred to as Heberden nodes; 
at the proximal interphalangeal joints, they are known as 
Bouchard nodes, usually a slightly later fi nding.

FUNCTIONAL LIMITATIONS
Joint stiffness and pain during weight bearing lead di-
rectly to diffi culties with prolonged standing, transfers, 
walking, and participation in physical activity or exer-
cise programs. Involvement of the patellofemoral com-
partment may lead to diffi culty with climbing stairs as 
well as to a buckling sensation. Disability is further 
compounded by secondary factors such as depression, 
poor aerobic capacity, and coexisting chronic condi-
tions.11 Radiographic evidence of knee osteoarthritis, 
even without symptoms, is associated with an increased 
risk for dependence with activities of daily living.12 The 
risk for dependence with stair climbing and walking at-
tributed to knee osteoarthritis is comparable to that 
with cardiovascular disease and greater than with any 
other medical condition in elders.13

DIAGNOSTIC STUDIES
Radiographic abnormalities can be found both in joint 
areas subjected to excessive pressure and in joint areas 
subjected to diminished pressure. These changes in-
clude joint space narrowing, subchondral sclerosis, and 
bone cysts in weight-bearing regions of the joint and 
osteophytes in low-pressure areas, especially along the 
marginal regions of the joint. Joint space narrowing is 
the initial fi nding, followed by subchondral sclerosis, 
then by osteophytes, and fi nally by cysts with sclerotic 
margins (known as synovial cysts, subchondral cysts, 
subarticular pseudocysts, or necrotic pseudocysts).

Radiographic evidence of osteoarthritis is not well cor-
related with symptoms.14 Results have been confl icting, 
probably because of the differences in populations 
studied and radiographic and clinical criteria used. The 
presence of osteophytes had a strong association with 
knee pain, whereas the absence or presence of joint 

TABLE 61-1  Typical Physical Examination Findings 
in Knee Osteoarthritis

Inspection Bone hypertrophy
Varus deformity from preferential medial 

compartment involvement
Palpation Increased warmth

Joint effusion
Joint line tenderness

Range of motion Painful knee fl exion
Decreased joint fl exion secondary to pain
Crepitus (coarse)

Joint stability Mediolateral instability
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space narrowing was not associated with pain.15 Knee 
pain severity was a more important determinant of 
functional impairment than radiographic severity of 
osteoarthritis.16,17 There was no correlation between 
joint space narrowing and a disability score (Western 
Ontario and McMaster Universities Osteoarthritis in-
dex, WOMAC) at a single time point.17

Osteophytes alone are associated with aging rather than 
with osteoarthritis. Indications for plain x-ray fi lms in-
clude trauma, effusion, symptoms not readily explain-
able by physical examination fi ndings, severe pain, 
presurgical planning, and failure of conservative man-
agement.

Recommended fi lms are weight-bearing (standing) an-
teroposterior, lateral, and patellar views. Radiographs 
taken during weight bearing with the knee in full exten-
sion and partial fl exion may reveal a constellation of 
fi ndings associated with osteoarthritis, including asym-
metric narrowing of the joint space (typically medial 
compartment), osteophytes, sclerosis, and subchondral 
cysts (Fig. 61-1). A Merchant view specifi cally evaluates 
the patellofemoral space. Non–weight-bearing lateral 
views may help in the evaluation of the patellofemoral 
and tibiofemoral joint spaces. Tunnel views can help 
visualize loose osteochondral bodies.

Magnetic resonance imaging usually adds little but cost 
to the entire evaluation of osteoarthritis of the knee. It 
may reveal changes that suggest the presence of osteoar-
thritis. However, it is not indicated in the initial evalua-
tion of older persons with chronic knee pain. Magnetic 
resonance imaging fi ndings of osteoarthritis, such as 
meniscal tears, are common in middle-aged and older 
adults with and without knee pain.

Musculoskeletal ultrasonography has potential for de-
tecting bone erosions, synovitis, tendon disease, and 
enthesopathy. It has a number of distinct advantages 
over magnetic resonance imaging, including good pa-
tient tolerability and ability to scan multiple joints in a 

short time. However, there are scarce data about its va-
lidity, reproducibility, and responsiveness to change, 
making interpretation and comparison of studies diffi -
cult. In particular, there are limited data describing 
standardized scanning methodology and standardized 
defi nitions of ultrasound pathologic changes.18

Laboratory test results are typically normal, but analysis 
may be undertaken especially for elder patients to estab-
lish a baseline (e.g., blood urea nitrogen concentration, 
creatinine concentration, or liver function tests before 
use of nonsteroidal anti-infl ammatory drugs or acet-
aminophen) or to exclude other conditions such as 
rheumatoid arthritis. Synovial fl uid analysis should not 
be undertaken unless destructive, crystalline, or septic 
arthritis is suspected.

TREATMENT
Initial
The PRICE regimen may help provide initial relief for 
patients in pain: protection with limited weight bearing 
by use of a cane or modifi cation of exercise to reduce 
stress; relative rest (or taking adequate rests throughout 
the day, avoiding prolonged standing, climbing of stairs, 
kneeling, deep knee bending); ice (applied while the 
skin is protected with a towel for up to 15 minutes at a 
time several times a day; note, however, that some pa-
tients with chronic pain may fi nd better relief with 
moist heat); compression (if swelling exists, wrapping 
with an elastic bandage or a sleeve may help); and eleva-
tion (may help diminish swelling, if it is present).

There are a wide variety of treatment options for knee 
arthritis. Such options include oral and topical non-
steroidal anti-infl ammatory drugs; topical capsaicin 
cream; acetaminophen; and nutritional intervention, 
such as glucosamine sulfate, chondroitin sulfate, and 
vitamin C (Table 61-2). Orthotics and footwear are also 
included in the list of treatment options and are dis-
cussed further in the next section.

Rehabilitation

Exercise

Exercises are likely to be most effective if they train 
muscles for the activities a person performs daily.29 Ran-
domized studies support the benefi ts of exercise, even if 
it is home based, on pain and function in patients with 
osteoarthritis.30-32 Because there is currently no cure for 
osteoarthritis, most research continues to evaluate the 
use of exercise as a treatment to alleviate symptoms of 
the disease and to enhance functional capacity. Two 
meta-analyses published in 2004 focus specifi cally on 
the effi cacy of strengthening33 and aerobic exercise34 for 
osteoarthritis.

With regard to muscle strengthening, improvements in 
strength, pain, function, and quality of life were noted. 
However, there was no evidence that the type of strength-
ening exercise infl uences outcome. Static or dynamic 

FIGURE 61-1. Knee radiograph demonstrating osteophytes (arrows)
and medial joint space narrowing consistent with degenerative arthritis. 
(Reprinted with permission from West SG. Rheumatology Secrets. Phila-
delphia, Hanley & Belfus, 1997:58.)
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TABLE 61-2 Pharmacologic and Supplemental Nutrition Treatment Options

Medication Related Details

Acetaminophen Acetaminophen appears to be less effective among patients who have already received treatment 
with NSAIDs.19

The maximum dosage is 4 g/day in patients with normal hepatic function.

Oral NSAIDs Studies show almost equal effi cacy among traditional NSAIDs.20,21

A randomized prospective study demonstrated equal effi cacy between selective cyclooxygenase 2 
inhibitors and traditional NSAIDs.22

Tramadol-acetaminophen American Pain Society guidelines recommend tramadol-acetaminophen for treatment of osteoarthritis 
pain when NSAIDs alone cannot provide adequate relief.

It is considered safe and effective in a subset of elderly patients.23

Oxycodone Patients with moderate to severe pain from osteoarthritis can achieve effective pain relief without deterio-
ration in function when opioids are included as part of a comprehensive pain management program.24

Topical NSAIDs A quantitative systematic review of 86 trials evaluating the effi cacy of topical NSAIDs in osteoarthritis 
and tendinitis found them signifi cantly more effective than placebo.25

Topical capsaicin Limited data from controlled trials have shown improvements with capsaicin.26

Glucosamine sulfate (1500 mg 
orally qd) and chondroitin 
sulfate (1200 mg orally qd)

One large randomized clinical trial found that glucosamine and chondroitin sulfate alone or in combina-
tion did not reduce pain effectively in the overall group of patients with osteoarthritis of the knee. 
However, the combination of glucosamine and chondroitin sulfate was effective in the subgroup of 
patients with moderate to severe knee pain.27

Vitamin C Vitamin C was associated with reduced progression of radiographic osteoarthritis and pain in one study.28

NSAIDs, nonsteroidal anti-infl ammatory drugs.

Differential Diagnosis

Common Causes of Knee Pain by Age Group
Children and 
adolescents

Patellar subluxation
Osgood-Schlatter disease
Patellar tendinitis
Referred pain (e.g., slipped capital 
femoral epiphysis)
Osteochondritis dissecans
Subchondral fracture
Genetic or congenital defect
Septic arthritis
Tumor

Adults Patellofemoral pain syndrome 
(chondromalacia patellae)
Medial plica syndrome
Pes anserine bursitis
Trauma: ligamentous sprains
Meniscal tear
Infl ammatory arthropathy: rheu-
matoid arthritis, Reiter syndrome
Septic arthritis
Midlumbar radiculopathy
Tumor

Older adults Osteoarthritis
Crystal-induced infl ammatory 
arthropathy: gout, pseudogout
Rheumatoid arthritis
Popliteal cyst
Tumor

Differential Diagnosis of Knee Pain 
by Anatomic Site
Anterior knee pain Patellar subluxation or dislocation

Tibial apophysitis (Osgood-
Schlatter lesion)
Jumper’s knee (patellar tendinitis)
Patellofemoral pain syndrome 
(chondromalacia patellae)

Medial knee pain Medial collateral ligament sprain
Medial meniscal tear
Pes anserine bursitis
Medial plica syndrome

Lateral knee pain Lateral collateral ligament sprain
Lateral meniscal tear
Iliotibial band tendinitis

Posterior knee pain Popliteal cyst (Baker’s cyst)
Posterior cruciate ligament injury
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strengthening exercises can maintain or improve periar-
ticular muscle strength, thereby reversing or preventing 
biomechanical abnormalities and their contribution to 
joint dysfunction and degeneration.

With regard to aerobic exercise, results indicated that 
aerobic exercise alleviates pain and joint tenderness and 
promotes functional status and respiratory capacity. 
Aerobic exercise improves activity tolerance, increases 
pain threshold, and can have positive effects on mood 
and motivation for participation in other activities.

Whereas strengthening appears superior to aerobic exer-
cise in the short term for specifi c impairment-related 
outcomes (e.g., pain), aerobic exercise appears more ef-
fective for functional outcomes in the longer term. 
There is also evidence that exercise can improve pro-
prioception,29 thus improving biomechanics and pro-
tective responses.

Attempts to maintain function can be helped through 
non–weight-bearing strengthening, especially of the 
quadriceps. For patients with greater pain, this can be 
done with static exercise or through water aerobics, 
which allows motion at the knee with reduced joint 
loads. Exercise bicycles and walking should be recom-
mended to enhance aerobic capacity. Deep knee bends 
in the presence of effusion should be avoided. Particular 
attention must be paid to strengthening of the medial 
quadriceps in patients with genu valgum who have lat-
eral subluxation of the patella. Maintaining activity is 
critical to maintaining function. Even those patients 
scheduled for total knee arthroplasty should pursue 
static and dynamic strengthening as well as cardiovascu-
lar conditioning preoperatively to ease the postopera-
tive rehabilitation.

Modalities

The use of transcutaneous electrical nerve stimulation 
(TENS) is supported by a few small, short-term trials. 
In a small-scale, randomized, double-blind crossover 
trial comparing active and placebo TENS for sympto-
matic knee osteoarthritis in subjects who were consid-
ered to be candidates for total knee replacement, pa-
tients reported signifi cantly more pain relief and less 
medication use with active TENS therapy than with the 
placebo.35 For most patients, pain relief was experi-
enced only during periods of active use of the device, 
although the benefi cial effect was sustained for several 
hours in a few.

Additional therapeutic modalities, such as electrical stim-
ulation or massage, may also be used. Therapists may 
also review postural alignment and joint positioning 
techniques, especially for when the patient is sleeping. In 
particular, the use of a pillow under bent knees, much 
favored by many patients when they are supine, should 
be avoided because resulting knee fl exion contractures, 
even if small, can signifi cantly increase stresses on the 
knee during gait. Stretching of the hamstrings and quad-
riceps may also prove benefi cial. Patients should be 
counseled against prolonged wearing of high heels, which 
is associated with medial knee osteoarthritis.36

Adaptive Equipment

Adaptive equipment, such as a cane or walker, can re-
duce hip or knee loading, thereby reducing pain. It may 
also prevent falls in patients with impaired balance. 
Proper training in the use of a cane is important because 
it reduces joint loading in the contralateral hip but am-
plifi es forces in the ipsilateral hip.

Bracing and Footwear

The basic rationale for a knee brace for unicompart-
mental knee osteoarthritis is to improve function by 
reducing the patient’s symptoms. This can be accom-
plished, in theory, by reducing the biomechanical load 
on the affected compartment of the knee. Clinical trials 
are generally small and diffi cult to control adequately 
because of the nature of knee braces and the diffi culty 
in designing a trial with a true placebo. Also, each brace 
has a unique design and may have features that make it 
more or less acceptable to the patient. Therefore, clini-
cal trials done with one brace design may not be appli-
cable to all osteoarthritis knee braces.

A review of the published literature on knee bracing for 
osteoarthritis points out some of the limitations of the 
clinical trials to date but acknowledges the limited evi-
dence for improvement in pain and function in patients 
using osteoarthritis braces compared with medical treat-
ment or neoprene sleeves.37

In patients with osteoarthritis and varus malalignment 
of the knees, a shoe wedge (thicker laterally) moves the 
center of loading laterally during walking, a change that 
extends from foot to knee, lessening medial load across 
the knee. Although such modifi cations to footwear de-
crease varus malalignment,38 one randomized trial39

showed no reduction in pain compared with a neutral 
insert. However, a review of the published literature on 
the effi cacy of laterally wedged foot orthotics for im-
proving these symptoms does indicate a strong scientifi c 
basis for applying wedged insoles in an attempt to re-
duce pain in patients with medial compartment knee 
osteoarthritis.40

Tilting or malalignment of the patella may cause patel-
lofemoral pain. Patellar realignment with the use of 
braces or tape to pull the patella back into the trochlear 
sulcus of the femur or to reduce its tilt may lessen pain. 
In clinical trials using tape to reposition the patella into 
the sulcus without tilt, knee pain was reduced com-
pared with placebo.41,42 However, patients may fi nd it 
diffi cult to apply tape, and skin irritation is common. 
Commercial patellar braces are also available, but their 
effi cacy has not been studied formally.

Heel lifts or built-up shoes may be required in the 
presence of leg length discrepancy to prevent compen-
satory knee fl exion gait on the longer side. In the pres-
ence of knee deformity, therapists can also evaluate 
for altered biomechanics (e.g., genu varum may lead 
to femoral internal torsion, resulting in compensatory 
external rotation of the tibia, which predisposes the 
patient to increased arthritic changes). Therapists can 
also visit the homes and workplaces of patients to 
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may be an alternative for patients hesitant to undergo 
injections.

The authors’ preferred technique for intra-articular injec-
tion of the knee is as follows. With the patient supine, 
under sterile conditions with use of a 25-gauge needle, 
2 or 3 mL of local anesthetic (e.g., 1% lidocaine) is 
injected just posterior to the upper lateral pole of the 
patella. Alternatively, ethyl chloride spray can be used. 
Then, by use of a 11⁄2-inch, 22- to 25-gauge needle, either 
local steroid (e.g., methylprednisolone, 20 to 40 mg/mL) 
or hyaluronic acid is injected in the same region (these 
products are available in 2-mL vials or prefi lled syringes, 
one injection per vial).

If a knee effusion exists, it may be necessary to drain the 
effusion to avoid dilution of the medications. This is 
ideally done with an 18- to 20-gauge needle. Switching 
of the syringes while the needle remains in place pre-
vents additional trauma.

Postinjection care includes local icing for 5 to 10 minutes. 
Patients are advised to avoid excessive weight bearing for 
24 to 48 hours after an injection.

Viscosupplementation with hyaluronic acid, available 
as naturally occurring hyaluronan or synthetic hylan 
G-F 20, may be helpful. Hyaluronan is administered in 
a series of fi ve weekly injections; hylan G-F 20 is given 
in three weekly injections. Treatments are typically re-
peated two to four times per year.

Clinical trials of hyaluronan injections have focused on 
patients with knee osteoarthritis. However, data on ef-
fi cacy are inconsistent. Two meta-analyses23,44 reported 
statistically signifi cant but limited clinical effi cacy. One 
meta-analysis showed publication bias in the form of 
preferential publication of positive studies. Two large, 
unpublished trials showed no effi cacy with hyaluronan 
injections.44

Side effects included local infl ammation and increased 
pain at the injection site. There is no evidence that hyal-
uronan injection in humans alters biologic processes or 
progression of cartilage damage. The hyaluronic acid is 
injected into the knee in the same manner as the intra-
articular steroid is administered.

suggest adjustments, such as raised toilet seats, grab 
bars, reachers, and the like.

Acupuncture

Acupuncture, a technique in existence for thousands of 
years, has gained renewed interest as a treatment of os-
teoarthritis. A multicenter, 26-week National Institutes 
of Health–funded randomized controlled trial found 
acupuncture to be effective as adjunctive therapy for 
reducing pain and improving function in patients with 
knee osteoarthritis.43

Procedures
Intra-articular corticosteroid injections may help in 
reduction of local infl ammation and improvement 
of symptoms. Injection is most often used as an ad-
junctive therapy for acute or severe symptom fl ares 
(Fig. 61-2). Because the corticosteroid is delivered di-
rectly, systemic toxicity is minimized. Intra-articular 
corticosteroid injections should be given no more 
than two or three times a year to reduce potential 
damage to cartilage from the steroids. Table 61-3 lists 
potential systemic side effects of corticosteroid injec-
tions. Administration of steroids through iontophoresis 

Synovial 
cavity Patella 

FIGURE 61-2. Location for needle insertion.

TABLE 61-3  Minimizing Potential Side Effects of Intra-articular Corticosteroid

Side Effect Ways to Minimize Risk

Systemic effects Avoid high doses and multiple simultaneous injections; 
use accurate injection techniques

Tendon rupture, fat atrophy, muscle 
wasting, skin pigment changes

Avoid misdirected injections

Septic arthritis Use sterile technique; withhold therapy in at-risk patients

Nerve and blood vessel damage Use accurate injection techniques

Postinjection symptom fl are or synovitis Avoid the same preparation for future injections

Flushing Avoid high doses

Anaphylaxis Take careful drug allergy history

Steroid arthropathy Avoid high doses and overly frequent injections
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Surgery (Table 61-4)
Most would agree that the term arthroscopic débridement
includes lavage and the removal of loose bodies, debris, 
mobile fragments of articular cartilage, unstable torn 
menisci, and impinging osteophytes. However, it is clear 
from the literature that drilling, abrasion chondroplasty, 
microfracture, saucerization, notchplasty, osteophyte re-
moval, synovectomy, and arthrolysis are also performed 
simultaneously in many clinical series.

Patients who have a short history and a sudden onset of 
mechanical symptoms and also have knee effusions are 
likely to do best.45 Meniscal symptoms and signs, synovi-
tis or synovial impingement, osteophytic impingement, 
and catching or locking caused by loose bodies favor a 
good outcome. Signifi cant instability and mal alignment 
are poor prognostic factors. Patients who have radio-
graphic signs of advanced degeneration are unlikely to 
benefi t.45

Most of the orthopedic published literature on knee 
osteoarthritis has reported retrospective studies. Most 
authors report improvement in 50% to 80% of patients; 
however, as one would expect with a degenerative con-
dition, results deteriorate with time. There is evidence 
supporting the therapeutic value of arthroscopic dé-
bridement of the knee.46-48 However, there is a need for 
better-designed clinical trials comparing arthroscopic 
débridement with established alternative treatments.

Up to a quarter of patients with osteoarthritis of the knee 
have predominantly arthritis of the medial compart-
ment. The surgical options for such patients are medial 
unicompartmental knee replacement, proximal tibial or 
distal femoral osteotomy, and total knee replacement.

Osteotomy is a less drastic measure than knee replace-
ment and is often favored by younger, active patients 
with unicompartmental symptoms. In osteotomy, a 
wedge-shaped piece of bone is removed from either the 
femur or tibia to bring the knee joint back into a more 

physiologic alignment. This procedure moves the 
weight-bearing axis to the less damaged compartment. 
Recovery is prolonged and relief of symptoms often in-
complete, but osteotomy may delay the need for total 
knee replacement for 5 to 10 years.49,50 Successful treat-
ment could allow a return to sport. The risks specifi c to 
this surgery depend on the technique and include non-
union at the osteotomy site, common peroneal nerve 
injury, pain from the proximal tibiofi bular joint, and 
overcorrection or undercorrection of the deformity. Part 
of an ongoing debate within the orthopedic community 
concerns the relative merits of high tibial osteotomy 
compared with unicompartmental knee replacement in 
younger patients.

Unicompartmental knee replacement requires a smaller 
surgical approach than for total knee replacement, lead-
ing to less blood loss and quicker rehabilitation. The 
range of knee motion after unicompartmental knee re-
placement is generally superior to that after total knee 
replacement. Finally, revision of a unicompartmental 
knee replacement to a total knee replacement is poten-
tially more straightforward than revision of a total knee 
replacement.51

The prerequisites for a unicompartmental knee replace-
ment include stability of the joint, correctable varus defor-
mity, fi xed fl exion deformity of less than 10 degrees, and 
minimal lateral compartment disease. Radiographic evi-
dence of patellofemoral osteoarthritis is not necessarily a 
problem, provided patients do not have major anterior 
knee pain. Two studies have reported survivorship rates 
for implants of 95% and 98% at 10 years.52,53 These rates 
are comparable to the best reported for total knee replace-
ment and are an improvement on rates previously re-
ported for unicompartmental knee replacement.

The relative merits of unicompartmental knee replace-
ment over total knee replacement or proximal tibial os-
teotomy in young (�60 years) active patients continue 
to be debated. Unicompartmental knee replacement has 

TABLE 61-4 Surgical Options for Osteoarthritis of the Knee

Established Techniques Indications Outcome

Arthroscopic débridement Knee effusions
Meniscal signs and symptoms
Synovitis
Osteophytic impingement
Catching or locking caused by loose bodies

Most reports show improvement in 
50% to 80% of patients; however, 
results deteriorate with time

Osteotomy of the proximal tibia or 
distal femur

Predominantly medial compartment involvement Recovery is prolonged
Relief of symptoms often incomplete

Unicompartmental knee replacement Predominantly medial compartment involvement
Minimal lateral compartment disease
No major anterior knee pain
Stable knee joint
Correctable varus deformity
Fixed fl exion deformity of less than 10 degrees

Survivorship rates for implants of 
95% and 98% at 10 years

Patellofemoral replacement Isolated patellofemoral joint involvement Results have been variable

Total knee replacement Tricompartmental disease Survival rates of between 84% and 
98% at 15 years
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now become an accepted treatment for older patients 
with medial compartment arthritis. The results of uni-
compartmental knee replacement in lateral compart-
ment disease have yet to be fully determined.

Patients considered for patellofemoral replacement must 
be assessed for degenerative changes in the rest of the 
knee joint. Several types of patellofemoral arthroplasties 
are available, but the results have been variable, high-
lighting the need for careful selection of patients.51,54,55

The most common problems are maltracking of the pa-
tella, excessive wear of the polyethylene implant, and 
disease progression in the rest of the knee joint.

Total knee replacements, with a quarter-century track 
record, have generally provided most patients with 
good pain relief (see Chapter 71). Whereas joint re-
placement surgery has been found in numerous studies 
to provide pain relief, it paradoxically may lead to in-
crease of services as patients become more mobile.56

Severe chondromalacia may necessitate patellectomy 
(patella excision). Knee arthrodesis today is generally 
reserved for patients in whom knee replacement surgery 
fails. Other less commonly used surgical options, such 
as synovectomy and small prostheses (to correct defor-
mity), are also possible.

POTENTIAL DISEASE COMPLICATIONS
Progressive knee osteoarthritis may result in reduced mo-
bility and the general systemic complications of immobil-
ity and deconditioning. Antalgic gait can result in contralat-
eral hip disease (e.g., greater trochanteric bursitis). The risk 
of falls will be increased by decreased mobility at the knee. 
Complaints of chronic pain may result from the initial 
knee osteoarthritis if it is inadequately treated.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications of anti-infl ammatory medication and 
steroid injections are well known. Repeated steroid in-
jections can lead to further cartilage destruction as well 
as to sepsis. Infection is a rare but possible result of joint 
injection or surgery. Cryotherapy or heat therapy can, of 
course, lead to frostbite or burns. Hyaluronic acid injec-
tions may result in localized transient pain or effusion.

Arthroscopy may damage the articular surface mem-
brane, thus initiating damage to uninvolved cartilage. 
Excessive arthroscopic scraping has sometimes been as-
sociated with persistent pain. The possibility of infec-
tion and deep venous thrombosis and the small but real 
possibility of intraoperative mortality limit the use of 
surgery to a last-line option. One series of patients not
taking anticoagulants experienced a 50% rate of deep 
venous thrombosis, 14.5% of which was proximal deep 
venous thrombosis,57 thus indicating the importance of 
anticoagulation, which reduces the risk to less than 5%. 
In any case, mechanical wear and prosthesis loosening, 
especially for cement prostheses, often lead to the need 
for revision after a decade or so.
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DEFINITION
Knee bursitis can arise from infl ammation of any bursa 
in the region of the knee joint and is a common clinical 
disorder that may lead to functional diffi culties. Eleven 
bursae are found within this region (Fig. 62-1).1 Three 
bursae communicate with the knee joint: quadriceps or 
suprapatellar, popliteus, and medial gastrocnemius. 
Four bursae are associated with the patella: superfi cial 
and deep prepatellar, and superfi cial and deep infrapa-
tellar. Two are related to the semimembranosus ten-
dons, and two are related to the collateral ligaments of 
the knee (one of which is under the pes anserinus, or 
the conjoined tendons of the sartorius, gracilis, and 
semitendinosus muscles).1

In the popliteal fossa, a bursa is located between the me-
dial head of the gastrocnemius and semimembranosus 
tendon. Swelling in this area is also called Baker’s cyst 
and may actually be due to other infl ammatory or degen-
erative conditions (see Chapter 56). For this chapter’s 
purpose, discussion is limited to knee bursitis arising 
from infl ammation of the previously mentioned bursae.

The most common knee bursitis conditions are the fol-
lowing.

Prepatellar bursitis (housemaid’s knee) is caused by di-
rect trauma, such as falling on a bent knee or frequent 

kneeling on a hard surface.1 A case of a massive prepa-
tellar bursitis from chronic crawling as a means of 
household ambulation in an adult man with cerebral 
palsy has been reported.2 In 376 subjects with knee pain 
and radiographic evidence of knee osteoarthritis, 3.1% 
had evidence of prepatellar bursitis on magnetic reso-
nance imaging.3

Infrapatellar bursitis (vicar’s knee) is usually due to re-
petitive knee fl exion in weight bearing, such as deep 
knee bends, squatting, or jumping; it can be associated 
with patellar-quadriceps tendinitis.4,5 In 376 subjects 
undergoing routine magnetic resonance imaging who 
had knee pain and radiographic evidence of knee osteo-
arthritis, 10.6% had evidence of superfi cial infrapatellar 
bursitis.3

Anserine bursitis is commonly seen in overweight older 
women who also have osteoarthritis of the knees and in 
individuals who participate in sports that require run-
ning, side-to-side movement, and cutting.5,6 In a study 
involving persons with a symptomatic knee presenting 
to an orthopedic clinic with suspected internal knee 
derangement who had magnetic resonance imaging, 
only 2.5% of these patients had radiologic evidence of 
pes anserine bursitis, with no gender preference.7

Medial collateral ligament bursitis refers to infl amma-
tion of a bursa located between the deep and superfi cial 
parts of the medial collateral ligament.5 It has been as-
sociated with degenerative disease of the medial joint 
compartment, with marginal osteophytic spur forma-
tion.8 Furthermore, this bursitis may be seen in eques-
trian and motorcycle athletes because of the friction 
applied to the medial side of the knee.8

Semimembranosus bursitis is usually seen in runners 
and may be associated with hamstring tendinitis.4 This 
was seen in 4.4% of symptomatic subjects undergoing 
routine magnetic resonance imaging.3

SYMPTOMS
The patient will usually complain of local pain, tender-
ness, or swelling in the affected site. The pain is worse 
with fl exion and usually occurs at night or after activity. 

Synonyms
Prepatellar bursitis (housemaid’s knee)
Infrapatellar bursitis (vicar’s knee)
Anserine bursitis
Medial (tibial) collateral ligament bursitis
Semimembranosus bursitis

ICD-9 Codes
726.60 Enthesopathy of knee, unspecifi ed bursitis of knee
726.61 Pes anserinus tendinitis or bursitis
726.62 Tibial collateral ligament bursitis
726.63 Fibular collateral ligament bursitis
726.65 Prepatellar bursitis
726.69 Other bursitis: infrapatellar; subpatellar
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The pain also may be more prominent and accompa-
nied by stiffness on waking in the morning. Limping 
may or may not be present.

PHYSICAL EXAMINATION
The patient may have an antalgic gait, with a shortened 
stance phase on the affected side. There is discrete ten-
derness to palpation associated with fullness at the site 
of the bursa involved, and there may be associated red-
ness and increased temperature. If the bursa connects 
with the knee joint, there may be an associated effusion. 
There is often limited range of motion in the knee. Neu-
rologic examination fi ndings should be normal.

FUNCTIONAL LIMITATIONS
The patient may have diffi culty with prolonged walking. 
Decreased balance is often seen in older patients, some-
times necessitating assistive devices (e.g., walker, crutches, 
cane, or wheelchair). If there is limitation in knee range 
of motion, patients may have diffi culty bending the 
knees to drive or sitting at a desk at work. They will also 
have problems stooping, kneeling, crawling, or climb-
ing, which may interfere with vocational and recre-
ational activities. Athletes such as runners may have di-
minished performance or may be sidelined altogether.

DIAGNOSTIC STUDIES
The diagnosis is based mainly on history and clinical ex-
amination. Aspiration is rarely needed but may be neces-
sary if an infection is suspected. Radiologic studies are 
usually performed to rule out other diagnoses but may 

show exostosis in areas related to the bursa. Ultrasound 
imaging may be helpful to visualize the swelling in the 
bursal sac and may be augmented by use of an air-steroid-
saline mixture as a contrast medium.9 Plain radiographs 
should be obtained if a bone tumor is suspected, particu-
larly in patients with night pain. Arthrography, which is 
rarely done, may show the connection to the knee joint, if 
it is involved. Magnetic resonance imaging may be needed 
to rule out a tumor or malignant neoplasm and may 
show a fl uid collection in the involved bursa.1,4

TREATMENT
Initial
Restriction of activity that provokes or aggravates symp-
toms is important.1,4-6,10 In athletes, this may mean a 
substitution of the usual athletic activities while the 

Semimembranosus muscle

Gastrocnemius muscle

Semimembranosus bursa

Quadriceps

Suprapatellar pouch

Prepatellar bursa

Infrapatellar bursa

Patellar tendon

Patella

FIGURE 62-1. Bursae around knee joint.

Differential Diagnosis

Infection (e.g., septic knee)

Arthritis (osteoarthritis, rheumatoid arthritis, psoriatic 
arthritis)

Tumor

Patellar fracture

Meniscal tear

Collateral ligament sprain or tear

Saphenous nerve entrapment
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healing process proceeds. Local application of ice helps 
decrease pain and infl ammation. The patient can be 
taught to use superfi cial heat for chronic bursitis. This 
can be done with moistened warm compresses or with 
a microwaveable or electric heating pad. Precautions 
should be observed and given to the patient to prevent 
burns and other complications (see section on potential 
treatment complications).

Nonsteroidal anti-infl ammatory drugs can be prescribed 
to decrease pain and infl ammation. Oral steroids are 
generally not indicated as initial treatment.

Rehabilitation
Use of an orthosis in the affected knee may assist in 
preventing painful movement and further infl amma-
tion as well as provide comfort. Shoe inserts unilaterally 
or bilaterally, depending on the pathologic process, may 
also lead to positively altered biomechanics of the lower 
extremities to improve symptoms. For example, for 
those individuals with associated medial compartment 
knee osteoarthritis, a lateral wedge insole may improve 
symptoms and function.11 However, long-term use of 
splints is not advised because it may be associated with 
muscle weakness.

Formal physical therapy may address stretching of the 
quadriceps, hamstrings, iliotibial band, and hip adduc-
tor muscles if these muscles are tight. Strengthening 
exercises are often needed in chronic knee bursitis 

because of disuse weakness Correction of gait abnor-
malities (e.g., leg length discrepancy with a heel lift or 
pes planus with orthotics) is also important. Patients 
should also be counseled to protect their knees from 
further trauma (e.g., by avoidance of bending or kneel-
ing or by use of knee pads).

Modalities such as ultrasound have not been proved to 
be more effective than a combination of the aforemen-
tioned measures. Ultrasound should be avoided when 
an effusion is present because it can worsen an effusion. 
Phonophoresis and iontophoresis may have merit, but 
they are still controversial.12

Procedures
Intrabursal corticosteroid injection is appropriate if 
there is no response to conservative management or if 
the patient demonstrates signifi cant functional limita-
tions (Fig. 62-2). Typically, no more than three injec-
tions are done in a 6- to 12-month period. Alternative 
diagnoses should be considered for patients with refrac-
tory symptoms.

The patient is generally advised to avoid activity involv-
ing the area injected for approximately 2 weeks to pro-
mote retention of the corticosteroid in the bursa and to 
avoid systemic absorption.13 There is some evidence to 
suggest that persons who have pes anserine bursitis that 
is demonstrated with ultrasonography may have the 
best outcome after corticosteroid injection.14,15

Patella 

Femur 

Tibia

Pes anserine bursa 

FIGURE 62-2. Under sterile conditions, with use of a 11⁄2-inch, 22-gauge needle, inject the bursa at the point of maximal tenderness. A 1- to 3-mL 
combination of local anesthetic and corticosteroid is used (e.g., 1 mL of 1% lidocaine mixed with 1 mL of 40 mg/mL triamcinolone acetonide). Local 
anesthetics may be injected just before the steroid to diminish pain and to prevent postinjection steroid fl are.1,4-6,13 Application of ice is helpful in 
decreasing pain at the site after injection.
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Surgery
Surgery is generally not indicated and should be under-
taken only in refractory cases. Excision of a bursa can be 
considered if the disease does not respond to conserva-
tive measures, despite treatment, and it greatly limits 
the patient’s activities. Successful surgical resection of 
bursae has been reported in the literature.16-19

POTENTIAL DISEASE COMPLICATIONS
Possible complications include chronic pain, decon-
ditioning, disuse muscle atrophy, and knee fl exion con-
tracture. Furthermore, this may lead to decreased walk-
ing ability and postural instability over time, especially 
in older adults.

POTENTIAL TREATMENT 
COMPLICATIONS
Potential complications from medications include drug 
hypersensitivity and prolonged bleeding; nonsteroidal 
anti-infl ammatory drugs have gastric, renal, and hepatic 
side effects. Hyperglycemia, electrolyte imbalance, and 
gastric irritation or ulceration from intrabursal steroid 
injection are not as common as with orally adminis-
tered corticosteroids but can still occur from systemic 
absorption of the injectant. Local ice application may 
produce hypersensitivity and vasoconstriction in pa-
tients with Raynaud disease and peripheral vascular 
disease, and local heat application may produce burns, 
sedation, skin discoloration, and vascular compromise. 
Moreover, injections may result in drug hypersensitivity, 
sterile abscess, infection, nerve injury, tendon rupture, 
and lipoatrophy from intralesional steroids.13,14
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DEFINITION
The menisci serve important roles in maintaining proper 
joint health, stability, and function.1 The anatomy of 
the medial and lateral menisci helps explain functional 
biomechanics. Viewed from above, the medial meniscus 
appears C shaped and the lateral meniscus appears 
O shaped1 (Fig. 63-1). Each meniscus is thick and con-
vex at its periphery (the horns) but becomes thin and 
concave at its center. This contouring serves to provide a 
larger area for the rounded femoral condyles and the 
relatively fl at tibia. As well, menisci do not move in 
isolation. They are connected to each other anteriorly 
and to the anterior cruciate ligament, the patella, the 
femur, and the tibia by ligaments.2,3

The medial meniscus is less mobile than the lateral me-
niscus. This is due to its fi rm connections to the knee 
joint capsule and the medial collateral ligament. This 
decreased mobility, in conjunction with the fact that the 
medial meniscus is wider posteriorly, is cited as the usual 
reason for the higher incidence of tears within the me-
dial meniscus than within the lateral meniscus.1 The 
semimembranosus muscle (through attachments from 
the joint capsule) helps retract the medial meniscus pos-
teriorly, serving to avoid entrapment and injury to the 
medial meniscus as the knee is fl exed.3

The lateral meniscus is not as adherent to the joint 
capsule. Unlike the medial meniscus, the lateral me-
niscus does not attach to its respective collateral liga-
ment. The posterolateral aspect of the lateral meniscus 
is separated from the capsule by the popliteus tendon. 
Therefore, the lateral meniscus is more mobile than 
the medial meniscus.1,3 The attachment of the poplit-
eus tendon to the posterolateral meniscus ensures dy-
namic retraction of the lateral meniscus when the knee 
internally rotates to return out of the screw-home 
mechanism.2 Therefore, both the medial and the lat-
eral menisci, by having attachments to muscle struc-
tures, share a common mechanism that helps avoid 
injury.

The architecture of the vascular supply to the meniscus 
has important implications for healing.1,4 Capillaries 
penetrate the menisci from the periphery to provide 
nourishment. After 18 months of age, as weight bearing 
increases, the blood supply to the central part of the 
menisci recedes. In fact, research has shown that eventu-
ally only the peripheral 10% to 30% of the menisci, or 
the red zone, receives this capillary network (Fig. 63-2).5
Therefore, the central and internal portion or white 
zone of these fi brocartilaginous structures becomes 
avascular with age, relying on nutrition received through 
diffusion from the synovial fl uid. Because of this vascu-
lar arrangement, the peripheral meniscus is more likely 
to heal than are the central and posterolateral aspects.4

The primary but not sole function of the menisci is to 
distribute forces across the knee joint and to enhance 
stability.1,6-8 Multiple studies have shown that the ability 
of the joint to transmit loads is signifi cantly reduced if the 
meniscus is partially or wholly removed.1,6,7,9 Fairbank10

published a seminal article in 1948 suggesting that the 
menisci are vital in protecting the articular surfaces. He 
reported that individuals who had undergone total men-
iscectomies demonstrated premature osteoarthritis.

Meniscal tears are classifi ed by their complexity, plane of 
rupture, direction, location, and overall shape. Tears are 
commonly defi ned as vertical, horizontal, longitudinal, 
or oblique in relation to the tibial surface11 (Fig. 63-3). 
Most meniscal tears in young patients will be vertical-
longitudinal, whereas horizontal cleavage tears are more 
commonly found in older patients.12 The bucket-handle 
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Synonyms
Cartilage tears
Locked knee

ICD-9 Codes
717.3  Other and unspecifi ed derangement of medial meniscus
717.4  Derangement of lateral meniscus
717.40 Derangement of lateral meniscus, unspecifi ed
717.41 Bucket-handle tear of lateral meniscus
717.42 Derangement of anterior horn of lateral meniscus
717.43 Derangement of posterior horn of lateral meniscus
717.49 Derangement of lateral meniscus, other
717.5   Derangement of lateral meniscus, not elsewhere 

classifi ed
717.9  Unspecifi ed internal derangement of the knee
836.0  Acute tear of medial meniscus of knee
836.1  Acute tear of lateral meniscus of knee
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tear is the most common type of vertical (or longitudinal) 
tear13 (Fig. 63-4). Tears are also described as complete, 
full-thickness or partial tears. Complete, full-thickness 
tears are so named as they extend from the tibial to femo-
ral surfaces. In addition, medial meniscus tears outnum-
ber lateral meniscus tears from 2:1 to 5:1.14,15

Meniscal injuries may result from an acute injury or 
from gradual degeneration with aging.16 Vertical tears 
(e.g., bucket-handle tears) tend to occur acutely in indi-
viduals 20 to 30 years of age and are usually located in 
the posterior two thirds of the meniscus.13,17 Sports 
commonly associated with meniscal injuries are soccer, 
football, basketball, baseball, wrestling, skiing, rugby, 
and lacrosse. Injury commonly occurs when an axial 
load is transmitted through a fl exed or extended knee 
that is simultaneously rotating.16 Degenerative tears, in 
contrast, are usually horizontal and are seen in older 
individuals with concomitant degenerative joint 
changes.13,18

On the basis of arthroscopic examination, the majority 
of acute peripheral meniscal injuries are associated with 
some degree of occult anterior cruciate ligament laxity.19

Lateral meniscus

Transverse
ligament

Medial meniscus

Medial collateral
ligament

Anterior cruciate
ligament

Posterior cruciate
ligament

Ligament
of Wrisberg

FIGURE 63-1. Superior view of medial and lateral menisci.

Red
zone 

Red/
white
zone 

White
zone 

FIGURE 63-2. Vascular zones of the meniscus. Tears within the red zone 
have a higher healing potential.

Longitudinal

Flap tear

RadialHorizontal

Degenerative

FIGURE 63-3. Types of meniscal tears.
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In addition, true anterior cruciate ligament tears are as-
sociated with lesions of the posterior horns of the me-
nisci.19 Lateral meniscal tears appear to occur with more 
frequency with acute anterior cruciate ligament injuries, 
whereas medial meniscal tears have a higher incidence 
with chronic anterior cruciate ligament injuries. With 
chronic anterior cruciate ligament injuries, the medial 
meniscus may be more frequently damaged because its 
posterior horn serves as an important secondary stabi-
lizer of anterior-posterior instability.20

SYMPTOMS
The history will help diagnose a meniscal injury 75% of 
the time.12,21 Young patients who experience meniscal 
tears will recall the mechanism of injury 80% to 90% of 
the time and may report a “pop” or a “snap” at the time 
of injury. Deep knee bending activities are often painful, 
and mechanical locking may be present in 30% of pa-
tients.22 Bucket-handle tears should be suspected in 
cases of mechanical locking with loss of full extension.16

If locking is reported approximately 1 day after the in-
jury, this may be due to “pseudolocking,” which results 
from hamstring contracture.14 Knee hemarthrosis may 

also occur acutely, especially if the vascularized, periph-
eral portion of the meniscus is involved. In fact, 20% of 
all acute traumatic knee hemarthroses are caused by iso-
lated meniscal injury.23 More typically, however, knee 
swelling occurs approximately 1 day later as the menis-
cal tear causes mechanical irritation within the intra-
articular space, creating a reactive effusion. Typically, this 
effusion is secondary to a lesion more in the central por-
tion of the meniscus.16

In contrast, degenerative meniscal tears are not classi-
cally associated with a history of trauma. In fact, the 
mechanism of injury, which may not be reported by the 
patient, can be simple daily activities, such as rising 
from a chair and pivoting on a planted foot.16 Patients 
with degenerative tears often also report recurrent knee 
swelling, particularly after activity.

PHYSICAL EXAMINATION
Physical examination aids in diagnosis of a meniscal 
injury accurately in 70% of patients.24 Gait evaluation 
may reveal an antalgic gait with decreased stance phase 
and knee extension on the symptomatic side.23 A knee 
effusion is observed in about half of individuals with a 
known meniscal tear.25 Quadriceps atrophy may be 
noted a few weeks after injury. Palpation of the joint line 
frequently results in tenderness. Posteromedial or lateral 
tenderness is most suggestive of a meniscal tear.12 The 
result of a “bounce home” test may be positive. This test 
result is positive when pain or mechanical blocking is 
appreciated as the patient’s knee is passively forced into 
full extension.14 Classically, the result of the McMurray 
test is positive 58% of the time in the presence of a tear 
but is also reported to be positive in 5% of normal indi-
viduals (Fig. 63-5).13 The Apley compression test is an 
insensitive indicator of meniscal injury. With this test, 
the prone knee is fl exed to 90 degrees and an axial load 
is applied (Fig. 63-6). A painful response is considered a 
confi rmatory test result with a reported sensitivity of 
45%.23 No singular meniscal provocation test has been 
shown to be predictive of meniscal injury compared 
with fi ndings on arthroscopy. Physical examination 

Longitudinal

FIGURE 63-4. Bucket-handle type of meniscal tear.

A B C

FIGURE 63-5. McMurray test. A, Starting position for testing of the medial meniscus. The knee is acutely fl exed, with the foot and tibia in external rota-
tion. B, Starting position for testing of the lateral meniscus. The knee is acutely fl exed, and the foot and tibia are internally rotated. C, Ending position 
for the lateral meniscus. The knee is brought into extension while rotation is maintained. Ending position for the medial meniscus is the same but with 
the external rotation. If pain or a “clunk” is elicited, the test result is considered positive. (Reprinted with permission from Mellion MB. Offi ce Sports 
Medicine, 2nd ed. Philadelphia, Hanley & Belfus, 1996:28.)
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fi ndings become even less reliable in patients with con-
comitant anterior cruciate ligament defi ciencies.14

Neurologic examination fi ndings, including sensation 
and deep tendon refl exes, should be normal unless there 
is associated guarding due to pain or diffuse weakness, 
particularly with knee extension (quadriceps muscle).

FUNCTIONAL LIMITATIONS
Patients with meniscal injuries may have diffi culty with 
deep knee bending activities, such as traversing stairs, 
squatting, or toileting. In addition, jogging, running, 
and even walking may become problematic, particularly 
if any rotational component is involved. Laborers who 
repetitively squat may report mechanical locking with 
loss of full knee extension on rising.

DIAGNOSTIC STUDIES
Standing plain radiographs are usually normal in iso-
lated meniscal injuries. Presence of osteoarthritis, as 
with degenerative meniscal tears, can be detected with 
weight-bearing anteroposterior and lateral knee fi lms. 
With nondegenerative tears, magnetic resonance imag-
ing (MRI) has largely replaced plain radiographic 
examination in detecting injury.12 Sagittal views dem-
onstrate the anterior and posterior horns of the me-
nisci; coronal images can be vital in diagnosis of 
bucket-handle and parrot-beak tears.1,14 There are three 
grades of meniscal injury as determined by the location 
of T2 signal intensity within the black cartilage. By 
defi nition, only grade 3 tears qualify as true meniscal 
tears; however, a few grade 2 lesions seen on MRI will 
be found to be true tears on arthroscopy26 (Fig. 63-7). 
With use of arthroscopy as the “gold standard,” the 
sensitivity of MRI varies from 64% to 95%, with an ac-
curacy of 83% to 93%.16 MRI appears to have a false-
positive rate of 10%.1,24 A 5% false-negative rate is also 

reported and may be due to the incidence of missed 
tears at the meniscosynovial junction.27

Interestingly, despite the recent accessibility and ad-
vancement in MRI, clinical examination by experienced 
physicians is cheaper and appears to be as accurate as 
MRI for the diagnosis of meniscal tears.26 However, MRI 
may be particularly helpful when history and physical 
examination fi ndings are equivocal and the physician is 
required to establish an expedient diagnosis.13,23

FIGURE 63-6. Apley compression test. The patient is prone. The exam-
iner applies pressure on the sole of the foot toward the examination ta-
ble. The tibia is internally and externally rotated. (Reprinted with permis-
sion from Mellion MB. Offi ce Sports Medicine, 2nd ed. Philadelphia, 
Hanley & Belfus, 1996:259.)

Differential Diagnosis

Anterior or posterior cruciate ligament tear

Medial collateral ligament tear

Osteoarthritis

Plica syndromes

Popliteal tendinitis

Osteochondritic lesions

Loose bodies

Patellofemoral pain

Fat pad impingement syndrome

Infl ammatory arthritis

Physeal fracture

Tumors

TREATMENT
Initial
The truly locked knee resulting from a meniscal tear 
should be reduced within 24 hours of injury. Otherwise, 
acute tears of the meniscus may initially be treated with 
rest, ice, and compression, with weight bearing as toler-
ated. Patients may need to use crutches acutely. A knee 
splint may be applied for comfort of the patient, par-
ticularly in unstable knees with underlying ligamentous 
injury.22

Analgesics such as acetaminophen or opioids can be 
used for pain. Nonsteroidal anti-infl ammatory drugs 
can be used for pain and infl ammation.

Arthrocentesis can be performed (ideally in the fi rst 24 to 
48 hours) for both diagnostic and treatment purposes 
when there is a signifi cant effusion.

Rehabilitation
Not all meniscal injuries necessitate surgical interven-
tion or resection. In fact, some meniscal lesions have 
gradual resolution of symptoms during a 6-week pe-
riod and may have normal function by 3 months.11
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Types of tears that may be treated with nonsurgical 
measures include partial-thickness longitudinal tears, 
small (�5 mm) full-thickness peripheral tears, and 
minor inner rim or degenerative tears.28 Healing poten-
tial is greatest for tears within the red zone.29 In gen-
eral, only meniscal injuries that are persistently symp-
tomatic should be referred for surgical intervention.

Both nonsurgical and partial meniscectomy patients 
undergo similar rehabilitation protocols. Crutches 
may be used to off-load the affected limb. These can 
usually be discontinued when patients are ambulating 
without a limp.30 The goal during the fi rst week is to 
decrease pain and swelling while increasing range of 
motion and muscle strength and endurance. Institu-
tion of static strengthening in conjunction with elec-
trical stimulation can retard quadriceps atrophy.27

Aerobic conditioning can begin as long as the patient 
can tolerate bicycle training or aqua jogging. As time 
progresses, a combination of open and closed kinetic 
chain exercises in all three planes (sagittal, coronal, 
and transverse) can be performed in conjunction with 
stretching of the lower limb. Gradually, during the 
ensuing weeks, more functional activities are intro-
duced. More challenging proprioceptive and balanc-
ing activities also can be started as deemed appropri-
ate. Finally, plyometric training is begun, and the 
individual is gradually introduced back into sport-
specifi c activities.

Multiple rehabilitation protocols for the surgically 
repaired meniscus have been described. Rehabilita-
tion programs ideally need to be individualized to the 
specifi c type of repair performed. In addition, there 
has been considerable controversy among physicians 
about the patient’s weight-bearing and immobiliza-
tion status soon after surgical repair.27,31-33 In general, 
however, initial exercises are nonaggressive, avoiding 
dynamic shear forces that may occur from joint active 

range of motion. Therefore, exercises are initially 
static, targeting hip abductors, adductors, and exten-
sors. Static quadriceps exercises are performed with 
care to avoid terminal knee extension. While superior 
and medial patella mobilization is begun, stretching 
of the lower limb musculature in multiple planes is 
emphasized. After 2 to 3 weeks, goals are to increase 
range of motion and to advance weight-bearing status 
while a resistance exercise program is introduced. 
With the absence of effusion and signifi cant pain, im-
proved knee range of motion from 5 to 110 degrees 
should be achieved. More aggressive active range of 
motion may be started, particularly if the repair was to 
the outer peripheral or vascular zone of the meniscus, 
because the success rate for healing here is higher.27

Gradually, more functional activities with use of resis-
tive bands may be introduced. With time and success 
of the patient, resistance can be increased and 
proprioceptive neuromuscular facilitation activities 
can be implemented, ensuring that the individual is 
rehabilitated in the coronal, transverse, and sagittal 
planes.34

By 6 to 8 weeks, low-impact functional activities that 
entail components of the patient’s sport or activity are 
introduced. Brace protection, if it was initially em-
ployed, may be discontinued, particularly when the 
patient demonstrates success with proprioceptive test-
ing. Running, cutting, and rotational activities are 
avoided. Athletes may be able to return to their indi-
vidual activities at about 16 weeks for those with repairs 
in the vascular zone and 24 weeks for those with repairs 
in the nonvascular zone.

Procedures
Patients presenting after an acute injury with an effu-
sion may benefi t from a joint aspiration not only to 
help relieve discomfort and stiffness but also to aid in 

FIGURE 63-7. MRI grading of meniscal tears. A, Poorly defi ned “globular” zone of increased signal intensity (arrow), corresponding to grade 1 change. 
B, Linear zone of hyperintensity (arrow) not communicating with the articular surfaces, corresponding to grade 2 change. C, Linear band of hyperintensity 
(arrow) communicating with both articular surfaces, corresponding to grade 3 change, that is, a complete tear. (Reprinted with permission from Mellion 
MB. Offi ce Sports Medicine, 2nd ed. Philadelphia, Hanley & Belfus, 1996:263.)

A B C
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discerning whether a hemarthrosis or marrow fat (to 
rule out an occult fracture) is present.

Surgery
Specifi c types of tears may not require surgical repair; 
these include longitudinal partial-thickness tears, stable 
full-thickness peripheral tears (�5 mm long), and short 
(�5 mm) radial tears.30 These are usually stable and 
may not require either suture fi xation or immobiliza-
tion. However, arthroscopy may still be necessary to 
determine stability and to stimulate healing through 
perimeniscal abrasion.11 Some larger longitudinal, ra-
dial, and degenerative meniscal tears are less likely to 
heal without surgical intervention. Although fi rst-line 
treatment for these lesions is aggressive rehabilitation, 
recalcitrant cases may require a partial meniscectomy 
that preserves as much of the meniscus as possible.32 In 
addition, the inner aspect of the cartilage, which may be 
ragged, may be rasped or shaved, providing a smooth 
surface that eliminates mechanical symptoms.

On occasion, other tears of the menisci, because of their 
size and location, are best treated by primary approxi-
mation with sutures and primary repair.35 Typically, 
longitudinal tears longer than 5 mm in the periphery of 
the meniscus are best suited for this because they have 
a high rate of successful healing.30 In older individuals, 
the mere presence of a horizontal or degenerative cleav-
age tear is insuffi cient to justify removal because these 
meniscal portions may still participate in signifi cant 
load transmission but not necessarily cause symptoms.11

Treatment of these degenerative tears is usually nonsur-
gical; however, unstable portions may be removed dur-
ing arthroscopy.

POTENTIAL DISEASE COMPLICATIONS
Once a meniscal tear occurs, the joint inherently be-
comes less stable. This instability may promote further 
extension of the initial tear, turning a nonsurgical lesion 
into one in which arthroscopic repair may be necessary. 
Chronically, the resultant increased abnormal motion 
that occurs secondary to the meniscal injury may also 
lead to damage of the articular surface and predispose 
to premature osteoarthritis.12

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics such as acetaminophen and nonsteroidal 
anti-infl ammatory drugs have well-known side effects 
that may affect the gastric, hepatic, and renal systems. If 
the clinician is unfamiliar with appropriate rehabilita-
tion strategies, an overly aggressive regimen may lead to 
extension of the tear or failure of the meniscus to heal. 
A rehabilitative program that is too conservative, in con-
trast, may also lead to a signifi cant loss of strength with 
muscle atrophy and decreased range of motion. If the 
surgical approach resulted in a signifi cant amount 
of cartilage removed, the knee may be predisposed to 

development of osteoarthritis as originally described by 
Fairbank.10 Saphenous nerve injuries as well as infec-
tions are also common complications after meniscal 
repair surgery and arthroscopy.12
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DEFINITION
Jumper’s knee, fi rst described by Blazina and colleagues1

in 1973, is primarily a chronic overuse injury of the patel-
lar tendon resulting from excessive stress on the knee ex-
tensor mechanism. Athletes involved in sports requiring 
repetitive jumping, running, and kicking (e.g., volleyball, 
basketball, tennis, track) are at greatest risk. For example, 
the incidence ranges from 22% to 39% in volleyball play-
ers.2 Acceleration, deceleration, takeoff, and landing gen-
erate eccentric forces that can be three times greater than 
conventional concentric and static forces. These eccentric 
forces may exceed the inherent strength of the patellar 
tendon, resulting in microtears anywhere along the bone-
tendon interface.2-4 With continued stress, a cycle of mi-
crotearing, degeneration, and regeneration weakens the 
tendon and may lead to tendon rupture.

As in other overuse injuries, the predisposing factors in 
jumper’s knee include extrinsic causes, such as errors in 
training, and intrinsic causes, such as biomechanical 
fl aws. Training errors include improper warm-up or 
cool-down, rapid increase in frequency or intensity of 
activity, and training on hard surfaces.3,4 Biomechanical 
fl aws, such as muscle strength or fl exibility imbalances 
(in jumper’s knee, tight hamstrings and increased femo-
ral anteversion3), and jumping mechanics2,5 have also 
been implicated by many authors. Finally, an increased 
incidence of Osgood-Schlatter disease and idiopathic 
anterior knee pain during adolescence has been identi-
fi ed in patients with jumper’s knee.3

Because histologic studies of the patellar tendon reveal 
collagen degeneration with little or no evidence of acute 

infl ammation, many authors argue that “patellar tendi-
nosis” is a more accurate description than “patellar ten-
dinitis.”6-8 This distinction has important implications 
for rehabilitation. In treatment of patellar tendinosis 
and other chronic overuse tendinopathies, the treatment 
team should emphasize restoration of function rather 
than control of infl ammation. This is an overuse syn-
drome that has no age or gender predilection.

SYMPTOMS
Patients typically report a dull, aching anterior knee 
pain, initially noted after a strenuous workout or com-
petition, that is insidious in onset and well localized.7
The bone-tendon junction at the inferior pole of the 
patella is most frequently affected (65% of cases), fol-
lowed by the superior pole of the patella (25%) and the 
tibial tubercle (10%).6 Other symptoms may include 
stiffness or pain after prolonged sitting or climbing 
stairs,3 a feeling of swelling or fullness over the patella, 
and knee extensor weakness.1 Mechanical symptoms of 
instability, such as locking, catching, and give-away 
weakness, are uncommon.

Four phases have been described in the progression of 
jumper’s knee: phase 1, pain is present after activity 
only and is not associated with functional impairment; 
phase 2, pain is present during and after activity but 
does not limit performance and resolves with rest; 
phase 3, pain is present continually and is associated 
with progressively impaired performance; and phase 4, 
complete tendon rupture.1

As the disease progresses, the pain becomes sharper, 
more severe, and constant (present not only with ath-
letic endeavor but also with walking and other everyday 
activities). If it is not treated, the disorder may result in 
tendon rupture, a sudden painful event associated with 
immediate inability to extend the knee.7

PHYSICAL EXAMINATION
The hallmark of jumper’s knee is tenderness at the site 
of involvement, usually the inferior pole of the patella.7
This sign is best elicited on palpation of the knee in full 
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Synonyms
Patellar tendinitis
Quadriceps tendinitis
Patellar tendinosis
Patellar apicitis
Partial rupture of patellar ligament

ICD-9 Code
726.64  Patellar tendinitis
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extension,7 and the pain typically increases when the 
knee is extended against resistance.3 On occasion, there 
may be swelling of the tendon or the fat pad, although 
a frank knee joint effusion is not typically present.3 Mild 
patellofemoral crepitus and pain with compression of 
the patellofemoral joint have been noted.3 In advanced 
disease, patients may have quadriceps atrophy without 
detectable weakness on manual muscle testing and 
hamstring tightness.3,7 Test results for knee ligamentous 
laxity are negative. The examiner should also expect a 
normal, nonfocal neurologic examination.

FUNCTIONAL LIMITATIONS
Most patients experience little functional limitation in 
the early stages of jumper’s knee. As the disease pro-
gresses, however, increasing disability from persistent 
pain and inhibition of knee extension impairs athletic 
performance. Eventually, walking and the ability to 
perform basic activities of living, such as ascending or 
descending stairs, may be compromised. In the event 
of patellar tendon rupture, complete functional impair-
ment with inability to extend the affected knee, 
limiting weight bearing and ambulation, necessitates 
surgical repair.

DIAGNOSTIC TESTING
Radiographic changes are rarely present during the fi rst 
6 months of patellar tendinosis, limiting the usefulness 
of radiographs during initial evaluation.4 When radiog-
raphy is performed, the examination generally includes 
anteroposterior, lateral, intercondylar, and skyline track-
ing patellar views.3 Documented fi ndings include radio-
lucency at the site of involvement, elongation of the 
involved pole, and occasionally a fracture at the junc-
tion of the elongation with the main portion of the 
patella. On occasion, calcifi cation of the involved ten-
don and irregularity or even avulsion of the involved 
pole may be seen.1

Ultrasonography has the advantage of allowing early 
diagnosis and dynamic imaging of the tendon while 
remaining inexpensive, noninvasive, reproducible, and 
sensitive to changes as small as 0.1 mm.4 Some authors 
believe ultrasonography to be the preferred method for 
evaluation of jumper’s knee. It has been used to confi rm 
the diagnosis, to guide steroid injections, and to observe 
tendons after surgery.4 It should be considered in cases 
that do not respond to a trial of conservative treatment 
after 4 to 6 weeks and when the diagnosis is questioned. 
Findings on ultrasound examination include thickening 
of the tendon.4,9 A hypoechoic focal lesion at the area of 
greatest thickening correlates well with the lesion on 
magnetic resonance imaging (MRI), computed tomog-
raphy, and histologic examination.3,10 However, critics 
of ultrasonography have noted abnormalities in asymp-
tomatic athletes. This phenomenon may be explained 
by a preclinical or postclinical stage of the disease.4
Plain MRI, MRI with intravenous administration of 
gadolinium, and MRI arthrography with gadolinium 

have been used to corroborate the clinical diagnosis of 
jumper’s knee. Increased thickening of the patellar ten-
don on MRI is present in all patients resistant to conser-
vative therapy.11,12 MRI is also advantageous in exclud-
ing other intrinsic joint disease. MRI arthrography is 
particularly useful in examining the chondral surfaces 
of the patella and femur when osteochondritis disse-
cans or other pathologic processes in these areas are 
suspected. My recommendation is to begin with three 
views of the knee on radiographic scintigraphy to rule 
out bone pathologic changes and to evaluate joint 
space. If patients do not respond to physical therapy in 
4 to 6 weeks, ultrasound examination is the preferred 
study at that time to confi rm the diagnosis.

Differential Diagnosis

Patellofemoral maltracking

Retinacular pain

Fat pad lesion

Lipoma arborescens

Infrapatellar bursitis

Partial anterior cruciate ligament tear

Meniscal injuries

Chondromalacia patellae

Plica syndrome

Entrapment of the saphenous nerve

Osgood-Schlatter lesion

Sinding-Larsen syndrome3,4,7

TREATMENT
Initial
Because the syndrome is progressive and associated 
with diffi cult and slow rehabilitation, the importance of 
early diagnosis and treatment cannot be overempha-
sized.13 Initial interventions include control of pain 
with nonsteroidal anti-infl ammatory drugs, ice, and 
relative rest. Passive modalities such as ultrasound and 
iontophoresis are also used judiciously to control pain.

Rehabilitation
A comprehensive rehabilitation program should address 
the biomechanical fl aws found on the musculoskeletal 
examination. These include the functional defi cits (in-
fl exibilities that lead to altered biomechanics) and 
subclinical adaptations (substitution patterns that com-
pensate for the functional defi cits).14 This approach may 
be used in addressing all overuse syndromes. In patellar 
tendinosis, hamstring and quadriceps tightness and 
weakness need to be addressed.14 As the rehabilitation 
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program advances and pain abates, eccentric strengthen-
ing exercises should be emphasized. This type of strength-
ening exercise is optimal for rehabilitation of tendinopa-
thies because it places maximal tensile load on the 
muscle and tendon unit (Fig. 64-1).15 There is a paucity 
of randomized controlled studies supporting this type of 
exercise, but I think that this is the most optimal method.16

This type of exercise may provoke pain initially, given the 
increased load placed on the muscle-tendon unit. This 
fi nal phase of rehabilitation should also encompass 
sports-specifi c drills and training. Knee supports and 
straps such as the Cho-Pat strap have been used to allevi-
ate pain and to change the force dynamics through the 
patellar tendon with good results.4,17

Procedures
Some authors recommend a peritendinous injection of 
steroid if noninvasive conservative therapy fails.3,4 This 
is performed with ultrasound guidance to delineate 

accurate placement of the needle. Decreased pain with 
injection of the fat pad rather than of the tendon itself 
has been documented.3 Because histologic studies have 
shown a minimal infl ammatory component in surgical 
specimens, the mechanism of action of these ap-
proaches is unknown.4 In addition, studies have associ-
ated tendon ruptures with steroid injection.4,18

Surgery
In the advanced stage of jumper’s knee, if a well-
documented conservative therapy trial has failed or if 
the tendon ruptures, surgery has been indicated. Sev-
eral approaches have had mixed success; resection of 
the tendon disease with resuturing of the tendon is 
most often cited, and authors report 77% to 93% good 
or excellent results.19,20

However, when more invasive treatments, such as injec-
tions or surgery, are contemplated, it is incumbent on 
the practitioner to ensure that a comprehensive reha-
bilitation program has been followed thoroughly, as 
outlined earlier, before one declares a “conservative 
management failure.” Criteria for conservative manage-
ment failure are often ill-defi ned in the literature. In my 
experience, invasive procedures are rarely necessary for 
the management of jumper’s knee. Postoperative reha-
bilitation begins with isometric strengthening of the 
quadriceps, restoring range of motion and advancing to 
eccentric strengthening in 6 to 12 weeks.

POTENTIAL DISEASE COMPLICATIONS
Stress reaction of the patella, stress fracture, and patellar 
tendon rupture are some of the advanced complica-
tions. Others include formation of accessory ossicles, 
avulsion apophysis, and bone growth acceleration or 
arrest in adolescents.21

POTENTIAL TREATMENT 
COMPLICATIONS
Gastrointestinal bleeding and renal side effects of non-
steroidal anti-infl ammatory drugs are well documented. 
Complications of corticosteroid injections include 
bleeding, infection, and soft tissue atrophy at the site of 
injection. Tendon weakening with possible increased 
incidence of tendon rupture has also been cited. Surgery 
can lead to inadvertent tibial or peroneal nerve injury.

FIGURE 64-1. Eccentric strengthening, left quadriceps.
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DEFINITION
Patellofemoral syndrome is the most common ailment 
involving the knee in both the athletic and the nonath-
letic population.3-5 In sports medicine clinics, 25% of 
patients complaining of knee pain are diagnosed with 
this syndrome, and it affects women twice as often as 
men.3 Yet despite the common occurrence of this disor-
der, there is no clear consensus on the defi nition, etiol-
ogy, and pathophysiology.6 The most common theory is 
that the syndrome is an overuse injury from repetitive 
overload at the patellofemoral joint. This increased stress 
results in physical and biomechanical changes of the 
patellofemoral joint.6 The literature has focused on iden-
tifi cation of risk factors leading to altered biomechanics 
to produce maltracking of the patella in the femoral 
trochlear groove and thus stress at the patellofemoral 
joint. Possible pain generators include the subchondral 
bone, retinacula, capsule, and synovial membrane.7 His-
torically, the histologic diagnosis of chondromalacia had 
been associated with patellofemoral syndrome. However, 
chondromalacia is poorly associated with the incidence 
of patellofemoral syndrome.5

SYMPTOMS
The patient with patellofemoral syndrome will com-
plain of diffuse, vague ache of insidious onset.3 The 
anterior knee is the most common location for pain, 

but some patients describe posterior knee discomfort in 
the popliteal fossa.4 The discomfort is aggravated by 
prolonged sitting with knees fl exed (“theater” sign) as 
well as on ascending or descending of stairs and squat-
ting because these positions place the greatest force on 
the patellofemoral joint.8 The patient may also experi-
ence pseudolocking when the knee momentarily locks 
in an extended position.9,10

PHYSICAL EXAMINATION
The examination focuses on identifi cation of risk factors 
that contribute to malalignment and rules out other 
pathologic processes associated with anterior knee pain. 
Tenderness to palpation at the medial and lateral bor-
ders of the patella may be appreciated.3 A minimal effu-
sion may also be present. The results of manual testing 
for intra-articular disease, such as the Lachman (ante-
rior cruciate ligament) and McMurray (menisci) ma-
neuvers, will be negative.

The presence of femoral anteversion, tibia internal rota-
tion, excessive pronation at the foot, increased Q angle, 
and infl exibility of the hip fl exors, quadriceps, iliotibial 
band, and gastrocnemius-soleus should be determined.11

The patella position (baja or alta, squinting or grass-
hopper) should also be assessed with the patient sitting 
and standing. Each of these factors has either a direct or 
an indirect infl uence on the tracking of the patella with 
the femur (Fig. 65-1).

The Q angle is the intersection of a line from the anterior 
superior iliac spine to the patella with a line from the 
tibial tubercle to the patella (Fig. 65-2). This angle is typi-
cally less than 15 degrees in men and less than 20 degrees 
in women. An increased angle is associated with in-
creased femoral anteversion and thus patellofemoral 
joint torsion.9 However, a consensus on the importance 
of an increased Q angle is lacking.6 Tight hip fl exors, 
quadriceps, hamstrings, and gastrocnemius-soleus will 
increase knee fl exion and thus patellofemoral joint reac-
tion force. A tight iliotibial band will increase the lateral 
pull of the patella through the lateral retinacular fi bers.12,13

It is imperative to assess each of these components in the 
lower extremity kinetic chain to prescribe a tailored 
physical therapy program for each individual.
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Synonyms
Anterior knee pain
Chondromalacia patellae
Patellofemoral arthralgia
Patellar pain
Maltracking
Patellalgia1,2

ICD-9 Codes
715.36 Patellofemoral degenerative joint disease
716.96 Arthritis, patellofemoral
718.86 Patellofemoral instability
719.46 Patellofemoral pain syndrome
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FIGURE 65-1. Forces on the patella in patellofemoral syndrome.

FIGURE 65-2. Measurement of Q angle. A line is drawn from the anterior 
iliac spine to the center of the patella. A second line is drawn from the 
center of the patella to the tibial tubercle. An angle between these two 
lines is called the Q angle.

Q°

FUNCTIONAL LIMITATIONS
The patient with the patellofemoral syndrome will 
avoid activities that provoke the discomfort initially, 
such as stair climbing. Prolonged sitting in a car may be 
diffi cult. In chronic, progressive cases, ambulation may 
be enough to incite the pain, making all activities of 
daily living diffi cult.

DIAGNOSTIC TESTING
Patellofemoral syndrome is a clinical diagnosis. Plain 
fi lms may be used to evaluate Q angle and patella alta 
or baja. Advanced imaging, such as magnetic resonance 
imaging, is reserved for recalcitrant cases that do not 
respond to conservative care to rule out intra-articular 
disease. Bone scintigrams revealed diffuse uptake in the 
patellofemoral joint in 50% of patients diagnosed with 
patellofemoral syndrome.14

TREATMENT
Initial
As in other overuse injuries, the initial treatment focuses 
on decreasing pain. Icing is benefi cial, particularly after 
activities. Nonsteroidal anti-infl ammatory drugs may be 
used in a judicious manner. Relative rest with non–weight-
bearing aerobic activity may also be necessary. A neoprene 
knee sleeve with patella cutout is helpful to increase pro-
prioceptive feedback. McConnell’s taping method can be 
used during the acute phase to reduce pain and to in-
crease tolerance of a therapeutic exercise program.13,15-17

Patella bracing was shown to reduce pain and to improve 
function in patients with patellofemoral syndrome but no 
more successfully than therapeutic exercise.18

Rehabilitation
With no consensus on the etiology and pathophysiology 
of patellofemoral syndrome, numerous treatment proto-
cols and therapies have been used in the literature.19

Differential Diagnosis

Patella fracture

Patella dislocation

Quadriceps rupture

Patella tendinitis

Peripatellar bursitis

Osgood-Schlatter disease

Meniscal lesions

Ligamentous lesions

Plica syndromes

Osteochondritis dissecans
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Nevertheless, most patients respond to a directed reha-
bilitation approach with therapeutic exercise.12,13 The re-
habilitation program should address defi ciencies in 
strength, fl exibility, and proprioception. Strength training 
can be achieved with both open kinetic chain and closed 
kinetic chain exercises. Open kinetic chain exercises oc-
cur when the distal link, the foot, is allowed to move 
freely in space. During closed kinetic chain exercises, the 
foot maintains contact with the ground, resulting in a 
multiarticular closed kinetic exercise.13 An example of an 
open kinetic chain exercise is a leg extension. A closed 
kinetic chain exercise is a leg press or a wall sit. Closed 
kinetic chain exercises are also less stressful than open 
chain exercises at the patellofemoral joint in the func-
tional range of 0 to 45 degrees of knee fl exion.20

These exercises can be performed in multiple planes in 
a “functional” rehabilitation program (Figs. 65-3 and 
65-4). This may entail having the patient perform a 
lunge (a closed kinetic chain exercise) in the coronal, 
sagittal, and transverse planes, simulating positions ap-
plied during activities. These exercises can also stress the 
patient’s balance by performance of the lunges with 
eyes closed. Through this functional or skill training, 
the patient is being prepared for all functional tasks by 
achieving effi cient nerve-muscle interactions.8

Many studies have focused on selective strengthening of 
the vastus medialis obliquus (VMO) as a dynamic medial 
stabilizer on the patella. Selective VMO strengthening may 
be achieved with combined hip adduction because the fi -

bers of the VMO originate on the adductor magnus ten-
don and, to a lesser extent, the adductor longus. However, 
attempts at proving isolated recruitment of the VMO in 
relation to the vastus lateralis have failed.3 Nevertheless, 
quadriceps strengthening in general should be incorpo-
rated in the rehabilitation program through closed kinetic 
chain and functional exercises as mentioned previously.

Procedures
Injections are not indicated because this is primarily a 
maltracking phenomenon without a clear consensus on 
the pain generator.

Surgery
Surgery is rarely indicated, and a directed rehabilitation 
program is often successful.4 However, several tech-
niques have been illustrated in the literature. These in-
clude lateral retinacular release to decrease the lateral 
force, proximal and distal realignment procedures, and 
elevation of the tibial tubercle.1

POTENTIAL DISEASE COMPLICATIONS
Recalcitrant chronic cases of anterior knee pain may 
show progressive degenerative changes at the patello-
femoral joint, such as severe (grade IV) chondromalacia 
patellae.

FIGURE 65-3. Skill training can help resolve anterior knee pain by improving strength and neuromuscular coordination. The lunge (A), step-down 
(B), and knee bend (C) are examples of force-absorbing skill-training exercises that are particularly valuable for improving strength, which in turn 
promotes stability. For the most benefi t during the knee bend, the patient’s knee should be aligned with the shoelaces.

A B C 
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FIGURE 65-4. The standing cable column is an example of a skill-training 
exercise. The patient uses strength to exercise against resistance offered 
by a cable and simultaneously refi nes balancing skills.

POTENTIAL TREATMENT 
COMPLICATIONS
Overcompensation for the malalignment may occur 
with surgical techniques such as the lateral retinacular 
release. The surgeon may lyse too many fi bers, leading 
to increased medial tracking. Many of the realignment 
procedures should also be reserved for the skeletally 
mature patient.1
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DEFINITION
Peroneal neuropathy is compromise of the peroneal 
nerve. This can be from its origins within the sciatic 
nerve, in which it remains distinct from the tibial por-
tion of the sciatic nerve, throughout the course of the 
sciatic nerve, to its terminations in the leg and foot. 
The common peroneal nerve completely separates from 
the tibial nerve in the upper popliteal fossa and then 
traverses laterally to curve superfi cially around the fi bu-
lar head. Before the fi bular head, the lateral cutaneous 
nerve of the calf branches off to supply cutaneous sensa-
tion to the upper lateral leg. Near the fi bular head, the 
common peroneal nerve bifurcates into the superfi cial 
peroneal nerve and deep peroneal nerve, which de-
scribes their relative locations as they wrap around the 
fi bular head. Because the deep portion is immediately 
adjacent to the hard bony surface, it is more susceptible 
to compression injuries at the fi bular head. This is the 
most common site of peroneal nerve compromise.1

The common peroneal nerve provides the lateral cuta-
neous nerve of the calf and the motor branch to the 
short head of the biceps femoris above the fi bular head. 
The superfi cial peroneal nerve is predominantly sen-
sory, providing cutaneous sensation to the lateral lower 
leg and most of the foot dorsum. The superfi cial pero-
neal nerve also innervates the foot everters, peroneus 
longus and brevis. The deep peroneal nerve is predomi-
nantly motor, innervating the foot and toe dorsifl exors, 
but it has a small cutaneous representation at the dorsal 
fi rst web space of the foot.

Predisposing factors for peroneal mononeuropathy at 
the fi bular head, the most common site of compromise, 
include weight loss,1,2 diabetes,1,3 peripheral polyneu-
ropathy,1 and positioning and localized prolonged pres-
sure. Positioning and prolonged pressure issues can 
arise through recent anesthesia and surgery; recent pro-
longed hospitalization, especially bed rest or coma1,4;
orthopedic casts, braces, and orthotics5; habitual leg 
crossing1; or prolonged squatting.1,6

A history of sustained pressure or trauma should be solic-
ited as these are the most common causes of acute 
lesions. Figure 66-1 shows the most common causes of 
lesions of acute and nonacute onset. Iatrogenic causes 
should be considered; these include anesthesia for sur-
gery leading to immobility and possible positioning 
issues, prolonged imposed bed rest with decreased senso-
rium due to sepsis or coma,1 intermittent sequential 
pneumatic compression,7 acupuncture,8 plaster casts,1
and, ironically, ankle-foot orthoses.5 A history of severe 
inversion ankle sprain or blunt trauma to the ankle, leg, 
or fi bular head can be helpful in identifying likely patho-
physiologic mechanisms.

Stretch injury commonly occurs at the hip region and 
may be associated with hip surgery (e.g., total hip ar-
throplasty) or traumatic hip dislocation. The peroneal 
portion of the sciatic nerve is more susceptible than the 
tibial portion to stretch injuries because of its more lat-
eral positioning and shorter distance between the piri-
formis and the fi bular head than between the piriformis 
and the tarsal tunnel, the sites of relative fi xation of 
these two nerves. Distal peroneal nerve stretch injury 
can also occur at the point where it passes through the 
peroneus longus muscle.

SYMPTOMS
Peroneal neuropathy typically presents with acute foot-
drop, but this can sometimes occur insidiously during 
several days to weeks. The footdrop can be complete or 
partial, often with increased tripping or falls as the pri-
mary complaint. Numbness or dysesthesias frequently 
occur in the lower lateral leg and dorsum of the foot, 
although pain is rare. When pain is present, it is usually 
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Synonyms
Peroneal mononeuropathy
Compression neuropathy of the peroneal nerve
Peroneal palsy
Footdrop palsy
Lateral popliteal neuropathy

ICD-9 Codes
355.3 Common peroneal neuropathy
355.8 Mononeuritis of lower limb, unspecifi ed
736.79 Deformity of ankle and foot, also known as footdrop
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located around the knee and felt as deep and ill-
defi ned.1 When pain is prominent and neuropathic in 
character, stretch injury of the peroneal portion of the 
sciatic nerve should be considered.

PHYSICAL EXAMINATION
The examination should be guided by a close under-
standing of the relevant anatomy, with focused study of 
the elements of each component of the peroneal nerve.

Sensory defi cits in the upper lateral leg (Fig. 66-2) sug-
gest a lesion proximal to the fi bular head. Testing of foot 
inversion, to rule out concomitant tibial nerve compro-
mise and therefore sciatic nerve as the likely site of in-
jury, must be performed with the foot passively slightly 
dorsifl exed for optimal strength testing (often the foot 
will initially, at rest, be in a plantar fl exed position during 
examination as a result of the existing footdrop) because 
inversion is weak normally when the foot is relatively 
plantar fl exed.1 With the long head of the biceps femoris 
intact, knee fl exion strength will test normal despite a 
compromise to the short head of the biceps femoris 
strength. Palpation may reveal a lack of tissue tensing 
where the short head of the biceps femoris should be 
located. This is, however, challenging to discern and 
helpful only in the case of acute complete proximal pe-
roneal nerve compromise with relative sparing of the 
tibial-innervated hamstring muscles. The function and 
innervation of the long and short heads of the biceps 
femoris can be more accurately determined electrodiag-
nostically. If both are compromised, knee fl exion will 
test weak, as will plantar fl exion and toe fl exion, suggest-
ing a sciatic nerve lesion. Muscle stretch refl exes will 

usually be normal unless the sciatic nerve is severely 
compromised, when the medial hamstring and Achilles 
refl exes could be reduced or absent.

Sensory defi cit or dysesthesia in the lower lateral leg and 
over most of the dorsum of the foot suggests involve-
ment of the superfi cial peroneal or this portion of the 
sciatic nerve (see Fig. 66-2). Eversion weakness is con-
sistent with superfi cial peroneal nerve compromise. If 
the superfi cial peroneal nerve lesion is isolated, then 
Achilles, quadriceps, and medial hamstring muscle 
stretch refl exes will be normal.

If eversion is strong but dorsifl exion is very weak, a 
more focal deep peroneal nerve compromise is sug-
gested. There may be sensory defi cits or dysesthesias 
along the isolated area of the dorsum of the fi rst web 
space of the foot on the affected side (Fig. 66-3). A com-
bination of deep and superfi cial peroneal nerve branch 
compromise often occurs, usually affecting the deep 
branch more severely than the superfi cial branch, espe-
cially with lesions at the fi bular head.

FUNCTIONAL LIMITATIONS
The most common limitation is due to footdrop. This 
can lead to frequent tripping or falls and altered gait 
with foot slapping, circumduction, or hip hiking. These 
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FIGURE 66-1. Predisposing factors in 103 patients with peroneal mono-
neuropathy divided between acute onset and nonacute onset. (Reprinted 
with permission from Katirji MB, Wilbourn AJ. Common peroneal monone-
uropathy: a clinical and electrophysiologic study of 116 lesions. Neurology 
1988;38:1723-1728.)

FIGURE 66-2. Common (light blue) and superfi cial (dark blue) peroneal 
nerve branch cutaneous distributions and motor branches. (Reprinted 
with permission from Haymaker W, Woodhall B. Peripheral Nerve Injuries: 
Principles of Diagnosis. Philadelphia, WB Saunders, 1953:292.)
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gait compensations require more energy per distance 
for walking and place one at a greater fall risk than if 
they are corrected by an ankle-foot orthosis. Any task 
requiring dynamic foot eversion or dorsifl exion muscle 
activity, such as walking and running or balance activi-
ties such as occur during lower extremity dressing, bath-
ing, sports activities, or driving (especially when the 
right side is affected9), can be impaired.

DIAGNOSTIC STUDIES
Electrophysiologic studies are the “gold standard” for 
diagnosis of suspected peroneal neuropathy.10,11 These 
studies can help distinguish site and severity of compro-
mise from other possible causes of footdrop (see the 
section on differential diagnosis).1,10 This includes both 
sensory nerve conduction studies of the superfi cial pe-
roneal nerve and motor nerve conduction studies of the 
common, deep, and superfi cial peroneal nerve to the 
functionally defi cient muscles, such as the tibialis ante-
rior or peroneus longus. Although the peroneal motor 
nerve is commonly studied to the extensor digitorum 
brevis for polyneuropathy screening, this is not the tar-
geted muscle to evaluate footdrop, or dorsifl exion weak-
ness, as the tibialis anterior is the more relevant and 
germane motor conduction study.1,10 Needle electromy-
ography, especially of the short head of the biceps femo-
ris, can help determine if the lesion is proximal to the 

fi bular head. Additional prognostic and severity data 
can be obtained by needle study as well as by compari-
son nerve conduction studies between the involved and 
uninvolved sides.

If the etiology cannot be determined with reasonable 
certainty, imaging studies can help identify less common, 
nontraumatic causes of peroneal neuropathy. These in-
clude ganglia, nerve tumors (primary nerve sheath, be-
nign or malignant, or metastatic tumors), hematomas 
(especially with anticoagulation or bleeding dyscrasias),1
aneurysms, venous thromboses,12,13 and knee osteoar-
thritis.14,15 The most common imaging study is magnetic 
resonance imaging along the course of the nerve, but 
imaging studies could include plain radiography or 
ultrasonography.

FIGURE 66-3. Deep (blue area) peroneal nerve cutaneous distribution 
and motor branches. (Reprinted with permission from Haymaker W, 
Woodhall B. Peripheral Nerve Injuries: Principles of Diagnosis. Philadelphia, 
WB Saunders, 1953:293.)
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TREATMENT
Initial
Treatment depends on lesion site and prognostic factors 
found on electrophysiologic studies. If a good prognosis 
is predicted, watchful waiting is indicated with tempo-
rary adaptations and preventive measures to minimize 
functional impact until complete recovery occurs. Re-
moval of pressure to the involved area is important, and 
this may require bed rail modifi cations or protective 
padding around the knees, especially for sleep. Work or 
sports activities and clothing that could result in pres-
sure to the involved areas should be assessed and modi-
fi ed to eliminate any unnecessary pressure or padding 
added to minimize blunt trauma effects. Habitual leg 
crossers must modify this behavior. With pressure relief, 
neurapraxic injuries often signifi cantly improve by 
6 weeks. If the lesion is more axon stretch, recovery can 
take as long as 1 mm/day. Completely denervated mus-
cles need reinnervation by 18 months for recovery; the 
higher the lesion, the more likely a poor outcome will 
result for distal muscles. If prognosis is poor, such as 
with a severe high sciatic nerve injury, longer term adap-
tations and home preventive programs should be 
planned as well as possible surgical considerations, espe-
cially in children.16

Differential Diagnosis

Cerebral lesions, especially midline cortical

Spinal cord lesions, Brown-Séquard syndrome

Lumbosacral radiculopathy, especially L5

Lumbosacral plexopathy

Compartment syndromes in the leg (especially anterior 
compartment)

Acute or subacute polyneuropathy

Motor neuron disease
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If pain is neuropathic in nature (burning, tingling, or 
associated with hyperpathia), neuropathic pain medica-
tions such as the anticonvulsants or tricyclic antidepres-
sants should be considered. These must be started in 
low dosage, taken routinely, and slowly titrated up; a 
steady-state level is needed to help block the new aber-
rant sodium channels of injured nerves, which is one 
mechanism by which these medications decrease neu-
ropathic pain. These medications are not used on an 
as-needed basis like other more typical analgesics. When 
they are effective, the neuropathic pain medications 
tend to continue to be effective chronically and are of-
ten needed 6 months to 2 years, if not indefi nitely.

Rehabilitation
Adaptive devices include an ankle-foot orthosis, which 
can be a simple fi xed ankle off-the-shelf model if no 
other comorbidities exist. This brace helps with footdrop 
and improves foot clearance during the leg swing-
through phase of gait. If the peroneal neuropathy occurs 
in isolation, then no plantar sensory loss is present, and 
concerns for contact pressure of skin to orthosis are less-
ened. If the patient presents with comorbid tibial nerve 
defi cits, custom molding of the ankle-foot orthosis to 
minimize contact pressures to the skin should be con-
sidered. If the prognosis is poor or recovery not forth-
coming, the addition of dorsifl exion assist to the ankle-
foot orthosis may be helpful toward restoring an even 
more normal gait than is achievable with a fi xed ankle. 
With signifi cant obesity or edema or in the face of severe 
polyneuropathy requiring special accommodative shoe 
wear, a dual upright ankle-foot orthosis may be indi-
cated. The addition of dorsifl exion assist can easily be 
accomplished by adding springs to the posterior chan-
nels of a dual upright ankle-foot orthosis. The addition 
of dorsifl exion assist may be mandatory if the patient is 
having diffi culty driving and right foot involvement is 
the cause. Most patients will have a stable and safe gait 
with an ankle-foot orthosis without additional gait aids, 
such as walkers, crutches, or canes; but when needed, 
gait training with any necessary gait aids should be or-
dered through physical therapy.

Because of the unbalanced weakness of the dorsifl exors, 
the lesser or unopposed plantar fl exors must be actively 
stretched on a daily basis to prevent contracture devel-
opment, which can occur in a matter of weeks. Simi-
larly, the inverters may also need to be stretched in a 
home exercise program if the eversion function has 
been compromised. Splinting can also assist with con-
tracture prevention and treatment.

As the muscle recovers function, which may occur dur-
ing a few months if it is due to axonotmetic compres-
sion at the fi bular head, strengthening can be initiated 
once manual muscle strength greater than 3/5 returns. 
It is probably not prudent to exercise the newly rein-
nervated muscle to exhaustion, but moderate strength-
ening can be well tolerated. Patients may begin house-
hold ambulation without their ankle-foot orthoses 
before going long community distances. Patients should 
be advised to use their ankle-foot orthoses whenever 

prolonged walking is anticipated, even when manual 
muscle testing initially reveals 5/5 strength, because of 
early fatigue on initial strengthening.

Procedures
Although common peroneal neuropathy at the fi bular 
head is rarely complicated by severe pain, sciatic or 
more distal superfi cial peroneal nerve stretch with ax-
onotmesis can result in neuropathic pain. Medications 
focused on neuropathic pain are the mainstays of treat-
ment, but additional nerve block is occasionally needed 
to resolve the associated pain adequately.

Surgery
Most compromise at the fi bular head is due to transient 
pressure or trauma issues, and watchful waiting is often 
all that is needed with a good prognosis anticipated. 
Even incomplete proximal stretch injuries may recover 
over time, given enough remaining innervation to allow 
collateral sprouting to maintain the existing denervated 
muscle to avoid its atrophy and transformation to fatty 
connective tissue. When expected improvement does not 
occur or imaging studies reveal structures creating pos-
sible compromise of the nerve’s function, surgical explo-
ration, compression relief, or neurotomy or resection of 
compromising tumors, synovial cysts or ganglia, or other 
structures may be needed.17-19 For poor-prognosis, high 
sciatic near-complete or complete peroneal lesions, a 
new technique of transplanting some tibial nerve ele-
ments into the denervated tibialis anterior muscle has 
been successful, especially in children, in restoring func-
tion where previous footdrop existed.16 Tendon transfers 
have also been used with variable success.17

POTENTIAL DISEASE COMPLICATIONS
A common complication of peroneal neuropathy is 
footdrop and its deleterious effects on gait and balance, 
leading to falls and additional trauma. The sensory im-
pairments place portions of the lateral leg and foot 
dorsum at risk for pressure ulcers or acute injuries that 
are not adequately treated due to lack of pain and sensa-
tion in those areas. If range of motion of the ankle is not 
adequately addressed, ankle contractures can result, 
further impairing gait and ankle-foot orthosis use.

POTENTIAL TREATMENT 
COMPLICATIONS
Any surgical treatment has the potential for infection, 
excessive bleeding, anesthetic death, and making the 
condition worse. Procedures likewise could worsen the 
condition and are used only when pain is intolerable and 
recalcitrant to medication interventions. Pain medica-
tions are most typically neuropathic pain–focused medi-
cations, such as tricyclic antidepressants (e.g., amitripty-
line) and anticonvulsants (e.g., gabapentin). These have 
unique contraindications and side effect profi les. These 
medications must be initiated at a low dose and built up 
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over time to minimize the occurrence of side effects. They 
are not used in an as-needed fashion like the more typi-
cal analgesics (such as nonsteroidal anti-infl ammatory 
drugs) or opioids. Opioids tend to be less often used 
because of the chronic and neuropathic nature of most 
associated pain. Nonsteroidal anti-infl ammatory and 
opioid drugs also have unique side effect profi les. Physi-
cal dependence and development of tolerance with opi-
oids must be considered because the neuropathic pain 
from peroneal nerve lesions is most often chronic. 
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DEFINITION
Posterior cruciate ligament (PCL) tears represent 5% to 
20% of all knee ligament injuries.1 The PCL arises from 
the posterior aspect of the tibial plateau, crosses (“cruci-
ate”) behind the anterior cruciate ligament (ACL), and 
inserts into the lateral portion of the medial femoral 
condyle (Fig. 67-1). The main function of the PCL is to 
resist posterior displacement of the tibia on the femur. 
It also acts as a secondary restraint to external tibial ro-
tation. Together with the ACL, it functions in the 
“screw-home” mechanism of the knee by which the 
tibia glides to its exact position at terminal knee exten-
sion. In general, PCL tears occur in a fl exed knee when 
the tibia is displaced posteriorly. This can occur in a mo-
tor vehicle accident–dashboard injury or during a fall 
on a fl exed knee with the foot in plantar fl exion. The 
PCL may also rupture from hyperextension and rotation 
on a planted foot or on forced hyperfl exion. PCL inju-
ries may occur in isolation, but they generally occur 
with other injuries (e.g., ACL tear, collateral ligament 
tear, and meniscal injuries).

The long-term sequelae of posterior instability of the 
knee may include the development of degenerative 
arthritis.2 In contrast to ACL injuries, most series of 
PCL injuries have reported a higher incidence of injury 
to men.3

SYMPTOMS
It is important to obtain information about the nature 
of the injury. Typically, patients report that they have 
fallen on a fl exed knee or have sustained a blow to the 
anterior knee when it was fl exed (e.g., on the dashboard 

of a car). Some patients may recall feeling or hearing a 
“pop” at the time of injury.

Patients may report pain along the medial and patello-
femoral regions of the knee, instability, and an inability 
to bear weight and to walk. Swelling can range from 
insignifi cant to very swollen.

PHYSICAL EXAMINATION
In an acute injury, there may be contusions of the ante-
rior tibia, and popliteal ecchymosis may be present. 
Swelling and effusions will vary and may not be present 
at all. See Table 67-1 for the general classifi cations of 
PCL injuries.

It is essential during the examination of the knee to 
evaluate all knee ligaments thoroughly to identify com-
bined ligamentous injury. The goal of PCL evaluation 
is to exploit posterior subluxation of the tibia, which 
occurs with PCL insuffi ciency.

The “gold standard” of PCL examination is the posterior 
drawer test (Fig. 67-2). During this test, the knee is 
fl exed at 90 degrees with the hip held at 45 degrees of 
fl exion. It is essential to appreciate a normal 1-cm step-
off of the medial tibial plateau anterior to the medial 
femoral condyle. The absence of the step-off should 
alert the clinician to a possibility of PCL injury. Poste-
rior pressure is applied to the tibia while the amount of 
displacement of the medial tibial step-off and the qual-
ity of the endpoint in comparison with the contralateral 
knee are noted. Posterolateral instability may be evalu-
ated by the posterior drawer test with the foot externally 
rotated 15 degrees. Similarly, posteromedial instability 
is assessed by the posterior drawer test with the foot 
internally rotated 15 degrees.

The posterior Lachman test involves positioning of the 
knee at 30 degrees of fl exion with posterior pressure ap-
plied to the proximal tibia (Fig. 67-3). The extent of 
displacement and the quality of the endpoint are evalu-
ated and compared with the contralateral knee.

The posterior sag test is performed with the patient su-
pine with the hips and knees at 90 degrees of fl exion 
(Fig. 67-4). The clinician grasps both heels and inspects 
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Differential Diagnosis

Anterior cruciate ligament tear

Collateral ligament tear

Meniscal tear

Osteochondral fracture

Patellar tendon rupture

Patellofemoral dislocation

Tibial plateau fracture

FIGURE 67-1. Anterior and posterior cruciate ligament structures.

Posterior 
cruciate ligament

Anterior 
cruciate ligament

The quadriceps active test is achieved with the knee 
fl exed at 60 degrees while the foot is secured by the 
clinician. The patient attempts to extend the knee iso-
metrically. PCL insuffi ciency is demonstrated by ante-
rior tibial translation from a subluxated position.

The neurologic examination fi ndings should be normal, 
with the possible exception of apparent weakness with 
strength testing as a result of pain.

FUNCTIONAL LIMITATIONS
Functional limitations of PCL tears may include diffi -
culty with walking and a decrease in the level of func-
tioning because of pain as well as apprehension of insta-
bility. Athletes may be unable to complete cutting 
movements. However, PCL injury is often less debilitat-
ing than ACL injury; many athletes are still able to par-
ticipate effectively in running sports.

DIAGNOSTIC STUDIES
Diagnostic testing is useful as an adjunct to the clinical 
examination. The KT-1000 arthrometer is highly specifi c 
in the detection of high-grade (grade II, grade III) PCL 
tears.4 Stress radiographs may be obtained to document 
the extent of posterior instability but are rarely done in 
settings where magnetic resonance imaging is readily 
available. After an acute injury, plain radiographs must 
be performed to rule out fractures, including PCL avul-
sions (the tunnel view is best to visualize this). Mag-
netic resonance imaging assessment is highly specifi c 
and sensitive in assessment of PCL injuries, particularly 
when newer fat suppression and “fast spin” techniques 
are used.5-7 Finally, diagnostic arthroscopy allows direct 
visualization of the PCL.

for posterior tibial translation consistent with an insuf-
fi cient PCL.

The reverse pivot shift includes a valgus-loaded, exter-
nally rotated knee moved from 90 degrees of fl exion to 
full extension (Fig. 67-5). A positive test result is indi-
cated by a pivot shift felt at 20 to 30 degrees when the 
posteriorly subluxated tibia is reduced.

The dynamic posterior shift test is implemented by ex-
tending the knee from 90 degrees of fl exion to full ex-
tension with 90 degrees of hip fl exion. A positive result 
is indicated if the tibia is reduced with a “clunk” near 
full extension.

TREATMENT
Initial
Initial treatment consists of protection, rest, ice, com-
pression, and elevation (PRICE), crutches, and short-
term nonsteroidal anti-infl ammatory drugs. Analgesics 
may be used to control pain if this is an issue. Currently, 

TABLE 67-1  Classifi cation of Posterior Cruciate 
Ligament Injuries

Grade Defi nition Laxity (mm)

I PCL partially torn �5

II PCL partially torn 5-9

III PCL completely torn �10

IVa PCL and LCL, posterolateral injury �12

IVb PCL and MCL, posteromedial injury �12

IVc PCL and ACL injury �15

Note: grades I to III are isolated injuries; grade IV is a combined injury.
ACL, anterior cruciate ligament; LCL, lateral collateral ligament; MCL, medial 
collateral ligament; PCL, posterior cruciate ligament.
Modifi ed from Janousek AT, Jones DG, Clatworthy M, et al. Posterior cruciate 
ligament injuries of the knee joint. Sports Med 1999;28:429-441.
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FIGURE 67-3. Correct position for posterior Lachman test.

FIGURE 67-2. Posterior drawer test.

Poster ior  Cruciate  L igament  Sprain

nonoperative treatment is advocated for those with iso-
lated PCL injuries with mild (grade I or grade II) laxity.4
Some recommend conservative treatment for all acute 
isolated PCL injury as well as for chronic, isolated, 
asymptomatic PCL injury when it is newly diagnosed 
with no history of prior rehabilitation.8

Surgical intervention is advocated for patients with 
bone avulsion fractures, combined ligament injuries, 
and chronic symptomatic PCL laxity, particularly if this 
interferes with athletic participation in elite athletes.9 In 
a high percentage of cases, athletic participation is still 
possible with PCL insuffi ciency.3 Management includes 

immobilization in extension with a Velcro knee immo-
bilizer and avoidance of hamstring exercise.

Rehabilitation
Nonoperative rehabilitation begins after the signs 
and symptoms of acute injury have subsided (7 to 
10 days). Range of motion and progressive resistance 
quadriceps training is initiated while posterior tibial 
sag is prevented. The use of a PCL functional brace has 
not been proved to be effective, although some may 
fi nd it useful.9 After acute symptoms have subsided, or 
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immediately in dealing with a chronic tear, daily sta-
tionary bicycle exercises can be initiated. After 
3 months, closed chain exercises are started, with the 
exception of isolated hamstring strengthening, which 
is done later in the course.10

Postoperative PCL rehabilitation includes initial brac-
ing in full extension to prevent posterior tibial transla-
tion. Continuous passive motion, straight-leg raising, 
and quadriceps static exercises are initiated immediately 
after surgery. The day after surgery, partial weight bear-
ing with crutches is initiated as tolerated. In the early 
phase of rehabilitation, gravity-assisted fl exion exercises 
to 90 degrees and closed chain exercises emphasizing 
quadriceps strengthening are pursued. The progression 
to more than 90 degrees of fl exion is delayed until 
6 weeks after surgery.

Two studies by Italian investigators have documented 
the frequent clinical observation that the PCL, in con-
trast to the ACL, can undergo in situ healing of partial 
lesions, with improved stability and function.11-13 This 
has been attributed to the capsular contiguity of the 
ligament, with better opportunity for revascularization 
than in the ACL.1 It is thus imperative that the ligament 
be protected from undue stress during the rehabilitative 
phase of treatment.

At 9 to 12 months after surgical intervention, the patient 
with full range of motion, equal strength compared with 
the contralateral leg, and a stable knee is allowed to re-
turn to full activity.

FIGURE 67-4. Posterior tibial sag test.

FIGURE 67-5. Reverse pivot shift test. A, The knee is fl exed to 90 degrees. 
A valgus, external rotation force is applied to the knee. B, The knee is ex-
tended while the valgus, external rotation is maintained. C, Near full ex-
tension, the lateral tibia shifts forward, reducing the knee and confi rming 
PCL defi ciency.

A

B

C

Procedures
Arthrocentesis is performed for painful effusions (hem-
arthrosis). As mentioned earlier, KT-1000 arthrometer 
testing is done for diagnostic purposes and to document 
the degree of instability.4
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Surgery
Various surgical techniques have been developed for the 
repair of the PCL. Controversy exists as to the most ef-
fective procedure.10 The aim of surgery is to replace the 
PCL with a graft inserted into a tunnel drilled through 
the tibia and femur. Allograft or autograft tissue is most 
commonly used. Donor sites include the patellar ten-
don, hamstring tendons, and rarely the quadriceps ten-
don. Achilles tendon allograft is also useful. PCL recon-
struction is performed arthroscopically, arthroscopically 
assisted, or open.8

POTENTIAL DISEASE COMPLICATIONS
Potential disease complications include pain, limitation 
of function and activity, and onset of degenerative ar-
thritis. Patients with isolated PCL tears tend to fare bet-
ter than do patients with combined ligamentous inju-
ries.14 Studies suggest that nonoperatively treated PCL 
injuries allow many athletes to return to their sport in-
dependent of level of laxity.14 However, late degenera-
tive arthritis has been reported as a consequence of PCL 
instability.15

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment complications include the well-known side 
effects of nonsteroidal anti-infl ammatory drugs. Pro-
longed bracing or immobilization can lead to signifi -
cant muscle weakness and atrophy. The risks of surgery, 
although uncommon, are also well known. These in-
clude the risks of anesthesia. In addition, bleeding is 
controlled with a tourniquet and surgical hemostasis. 
Infection is limited with diligent sterile technique as 
well as with antibiotics. Damage to nerve and vascular 
structures, the popliteal vessels in particular, is a slight 
risk. Postoperative laxity of the PCL graft may occur. The 
theoretical risk of disease transmission with the use of 
allograft tissues is extremely low.
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Quadriceps Tendinitis 68
Christine Curtis, BS, Peter Bienkowski, MD, and Lyle J. Micheli, MD
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DEFINITION
The quadriceps tendon is located at the insertion of 
the quadriceps muscle into the patella and functions 
as part of the knee extensor mechanism. Quadriceps 
tendinitis (or, as named in the more recent literature, 
tendinosis) is an overuse syndrome characterized by 
repetitive overloading of the quadriceps tendon. The 
common mechanism of injury is microtrauma, in 
which the basal ability of the tissue to repair itself is 
outpaced by the repetition of insult.1 Quadriceps ten-
dinitis often occurs in athletes participating in run-
ning and jumping sports as well as in persons who 
perform frequent kneeling, squatting, and stair climb-
ing.2 The superior strength, mechanical advantage, 
and better vascularity of the quadriceps tendon make 
quadriceps tendinopathy much less frequent than pa-
tellar tendinopathy.3

SYMPTOMS
Patients usually report an insidious onset of knee pain 
and may note painful clicking. Patients are not physi-
cians; their chief complaint is “knee pain.” A burning 
sensation at the bone-tendon junction may be experi-
enced.4 The pain is aggravated by activity that chal-
lenges the extensor mechanism, including bending, 
stair climbing, running, and jumping. Severe weakness, 
an inability to extend the knee, or the report of acute 
trauma with a “pop” should alert the clinician to the 
possibility of a quadriceps tendon partial or complete 
rupture. On occasion, a single episode of overload may 
elicit symptoms.

PHYSICAL EXAMINATION
On examination of the knee, point tenderness is local-
ized along the superior pole of the patella and along the 
quadriceps tendon. Quadriceps tendon pain may be 
elicited with extreme knee fl exion and by resisted knee 
extension. The clinician should also be on the lookout 
for a palpable defect, suggesting partial rupture of the 
quadriceps tendon. Neurologic examination fi ndings 
should be normal, with the possible exception of 
strength testing, which may be limited by pain or partial 
tendon rupture. Ligamentous examination of the knee 
is normal unless there is associated trauma.

FUNCTIONAL LIMITATIONS
Quadriceps tendinitis may interfere with activities of 
daily living. Pain is usually felt with stair climbing, 
kneeling, and rising from a chair. Athletes may be un-
able to participate in running and jumping activities.

DIAGNOSTIC STUDIES
Quadriceps tendinitis is a clinical diagnosis, and diag-
nostic investigations are not generally necessary. If a 
partial tear of the quadriceps tendon is suspected but 
not apparent clinically, magnetic resonance imaging 
may be of assistance in confi rming the diagnosis. Ultra-
sonography and Doppler study have also been found to 
be helpful.5

TREATMENT
Initial
Initial treatment includes rest from aggravating activities. 
Activity modifi cation should include protection from 
eccentric or high-load knee extension (e.g., going up and 
down stairs, bending, jumping). Proper warm-up and 
stretching should be conducted before activity. Also, the 
application of ice to the injured area for 20 minutes, two 
or three times daily and before and after athletics, can be 
useful. Nonsteroidal anti-infl ammatory drugs may be 
used for pain and infl ammation. In some instances, 

Synonym
Quadriceps tendinosis

ICD-9 Codes
726.60 Enthesopathy of knee, unspecifi ed
844.8   Sprains and strains of knee and leg, other specifi ed 

sites
959.7  Injury, other and unspecifi ed, knee, leg, ankle, and foot
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knee immobilizers are used but may promote weakness 
and disuse atrophy.

Rehabilitation
The main treatment modality includes muscle strength-
ening and stretching. All muscle strengthening exercises 
are conducted in the pain-free range. Static exercises 
may be used to minimize compressive forces across the 
patellofemoral joint.2 Eccentric strengthening exercises 
may be useful.6 Therapeutic modalities including ultra-
sonography, phonophoresis, and iontophoresis may be 
employed.2 The use of icing immediately after activity 
or work has been advocated.7 A general conditioning 
program is recommended.

Procedures
Local corticosteroid injections are not typically done 
because of the risk of tendon rupture, but they may be 
necessary in some cases unresponsive to treatment. Care 
should be taken to inject circumferential to the tendon 
and not in the tendon itself.

Surgery
Quadriceps tendinitis is mostly managed nonopera-
tively. Surgical intervention may be necessary in rare 
cases of partial rupture. Tendocalcinosis may refl ect a 

chronic partial tear.8 If partial tendon rupture is sus-
pected, surgical consultation is advised.

POTENTIAL DISEASE COMPLICATIONS
Functional deterioration with the development of 
chronic symptoms may occur. A high level of function-
ing in patients with quadriceps tendinitis is usually re-
gained and maintained.2 In rare cases of progressive 
microtrauma to the injured area, rupture of tendon may 
result.

POTENTIAL TREATMENT 
COMPLICATIONS
The complications related to the use of nonsteroidal 
anti-infl ammatory drugs include the development of 
gastritis as well as renal and hepatic involvement. Corti-
costeroid injection may predispose the tendon to rup-
ture. Repeated injections of corticosteroids may increase 
the risk for mucoid degeneration, fi brinoid necrosis, 
mineralization, fi broblastic degeneration, and capillary 
proliferation within the tendon.9

Differential Diagnosis

Patellar tendinitis

Patellar fracture

Patellofemoral syndrome

Prepatellar bursitis

Apophysitis

Anterior fat pad syndrome

Chondromalacia patellae

Osteochondritis dissecans

Plica

Quadriceps tendon rupture

Quadriceps strain

Quadriceps contusion

Quadriceps tear
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Shin Splints 69
Michael F. Stretanski, DO
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DEFINITION
“Shin splints” is best thought of as a clinical syndrome 
defi ned in terms of pain and discomfort in the anterior 
portion of the leg from repetitive activity on hard surfaces 
or forcible, excessive use of the foot fl exors. The diagnosis 
should be limited to musculoskeletal infl ammations, 
excluding stress fractures and ischemic disorders.1

Shin splints most commonly occur in athletes who have 
sudden increases or changes in their training activity. 
This disorder occurs in runners and in athletes who 
participate in high-impact court or fi eld sports as well as 
in gymnasts and particularly ballet dancers, alone or in 
conjunction with other overuse syndromes,2 but it has 
also been well documented and studied in military per-
sonnel.3-5 The etiology of shin splints is not clearly de-
fi ned, but it is likely to be multifactorial with biome-
chanical abnormalities of the foot and ankle, poor 
footwear and shock absorption, hard playing surfaces, 
and training errors. Other contributing factors may in-
clude weakness of anterior and posterior compartment 
musculature, inadequate warm-up, leg length discrep-
ancy, tibial torsion, excessive femoral anteversion, and 
increased Q angle.6,7

One prospective study5 in military cadets looked at 
seven anatomic variables and identifi ed greater internal 
and external hip range of motion and lower mean calf 
girth to be associated with a higher incidence of exer-
tional medial tibial pain in men. It also showed a high 
rate of injury among women, but no intrinsic factor was 
specifi cally identifi ed. Nutritional and endocrine factors 
are more likely to play an etiologic role in stress reac-
tions. In school-age athletes and adults who participate 

in seasonal sports, shin splints can occur when they re-
sume their sport or start a new land-based sport (e.g., 
high-school or college athletes who go from playing 
basketball to cross-country or track).

It is important for the clinician to differentiate shin 
splints, which is a fairly benign condition, from acute 
compartment syndrome, which is a true emergency, and 
from the different types of stress fractures described in 
this region, which are more serious conditions. Further 
discussion of these diagnoses may be found in their re-
spective chapters. Tibial periostitis has been described 
as an initial manifestation of polyarteritis nodosa.8

Primary adamantinoma,9 a rare low-grade primary bone 
tumor, and hydatid bone disease10 have also been re-
ported in this region.

SYMPTOMS
Patients presenting with shin splints usually complain 
of a dull and aching pain near the junction of the mid 
and distal thirds of the posteromedial or anterior tibia 
(Fig. 69-1). Symptoms are commonly bilateral, occur 
with exercise, and are relieved with rest.11 Initially, the 
pain may ease with continued running and recur after 
prolonged activity. Those with more severe shin splints 
may have persistent pain with normal walking, with 
activities of daily living, or at rest.

PHYSICAL EXAMINATION
Physical examination typically reveals generalized ten-
derness along the medial tibia. Mild swelling may be 
present. Resisted plantar fl exion, toe fl exion, or toe 
raises may aggravate symptoms, and pain-inhibitory 
weakness may be evident. Striking a 128-Hz tuning fork 
and placing it on the tibia may reproduce the pain as-
sociated with stress fractures. Patients with stress frac-
tures will usually have point tenderness over the bone at 
the site of stress fracture. Lower extremity idiopathic 
osteonecrosis is most common in the fi fth decade of life 
at the medial tibial plateau,12 whereas those with shin 
splints will have more widespread tenderness to palpa-
tion that is more distal than these other pathologic 

Synonyms
Medial tibial stress syndrome
Periostitis
Medial tibial periostalgia

ICD-9 Codes
730.3 Periostitis without mention of osteomyelitis
844.9 Sprains and strains of knee and leg, unspecifi ed site
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processes. However, longitudinal tibial stress reactions 
may share a common anatomic pain distribution, and 
one study13 showed tibial stress reactions in this same 
distal-third region.

The lower extremity examination focuses on static and 
dynamic components of the kinetic chain to uncover 
signs of coexisting lower extremity issues that may be 
contributing factors. These include forefoot pronation, 
pes cavus, pes planus, and excessive heel valgus or varus. 
Comparatively tight or weak lower extremity muscle 
groups should be noted for later rehabilitation goals. In 
particular, relative ankle plantar fl exion, dorsifl exion, 
inversion, and eversion strength should be examined. 
Careful review of systems should be negative for fever, 
chills, night sweats, unintentional weight loss, and loss 

of bowel or bladder control. The neurologic portion of 
the examination, including sensation and muscle stretch 
refl exes, is normal.

FUNCTIONAL LIMITATIONS
In early stages of shin splints, activity limitations occur 
most often during running or participation in ballistic 
activities. When symptoms are more severe, they may 
occur with walking or at rest, thus causing further func-
tional limitations. Athletes may be unable to participate 
in their sport, and attempts to cross-train into other 
sports may result in worsening of symptoms.

DIAGNOSTIC STUDIES
Plain radiographs are typically normal early in the dis-
ease process but may be of use in ruling out more omi-
nous disease, especially if symptoms present unilater-
ally. Later, there may be evidence of periosteal thickening. 
Radionuclide bone scanning helps differentiate shin 
splints from stress fracture. Diffuse radioisotopic uptake 
along the medial or posteromedial tibia on the delayed 
phase is the pattern usually seen with shin splints. A fo-
cal defi ned area of uptake in all phases is more consis-
tent with a stress fracture.14 Fat-suppressed magnetic 
resonance imaging may also be useful for discrimina-
tion between stress fracture and shin splints before 
plain radiography shows detectable periosteal reac-
tion.15 Exertional compartment syndrome is uncom-
mon, but if clinical suspicion is high, compartment 
pressure measurements must be done to rule it out. 
Magnetic resonance imaging of the lumbar spine may 
be indicated if lumbar radiculopathy is in the differen-
tial diagnosis or lumbar spinal stenosis is suspected in 
older athletes or younger athletes with a congenitally 
narrow spinal canal.

TREATMENT
Initial
As with many overuse syndromes, relative rest—that 
is, participation only in those activities that can be 
done without pain—is the key to initial management. 
If reducing mileage, court, or studio time or just re-
ducing intensity allows the athlete to remain pain 
free, continuation of the activity may be acceptable. In 
general, however, even in mild cases, the athlete 
should avoid repetitive lower extremity stress for at 
least 1 to 2 weeks. In more serious cases, athletes may 
need to stop running entirely for a longer time. If 
walking is painful, crutches are indicated. An air stir-
rup brace may also decrease pain associated with 
weight bearing.7

Stretching and ice or ice massage to the involved areas 
can be helpful. Nonsteroidal anti-infl ammatory drugs 
can reduce infl ammation and help manage pain. 
Analgesics can be taken for pain as well. Whirlpool, 
phonophoresis, iontophoresis, and ultrasound are 

Achilles tightness
(fibrositis and
strain)

Plantar flexion
(to push off)

Bone reaction
(remodeling)

FIGURE 69-1. Repetitive microtrauma and overuse in running lead to soft 
tissue and even bone breakdown, a process commonly called shin splints. 
Muscle overpull can lead to periostitis, strain, or trabecular breakdown. The 
area approximately 13 cm proximal to the tip of the medial malleolus 
along the posterior tibial cortex appears to be maximally at risk.
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traditionally attempted and may have a role in early 
symptomatic management. Electrical stimulation 
should probably be considered contraindicated in this 
diagnosis, in which the pathoetiology points toward 
excessive muscle contraction and a reactive periostitis 
in the fi rst place.

In addressing malalignments of the lower extremities, 
orthoses, such as longitudinal arch supports with or 
without a medial heel wedge, may be indicated in select 
patients. Although review of the literature fails to yield 
any objective evidence for the widespread use of any of 
these interventions, the most encouraging evidence 
seems to be the use of shock-absorbing insoles.3,16 Cus-
tom orthotic inserts, in one study of healthy female 
runners, have been shown to decrease rearfoot eversion 
angle and velocity and internal inversion moment as 
well as to decrease ankle dynamics in the frontal and 
sagittal planes. Whereas the particular relevance to shin 
splints is unclear, the ability to affect these measure-
ments seems promising.17

Rehabilitation
In individuals who continue to have pain despite ini-
tial conservative treatment, physical therapy may be 
indicated to decrease pain and further educate the pa-
tient about the disorder. Advising the patient to ice af-
ter and to take nonsteroidal anti-infl ammatory drugs 
before exercise may help in enabling the rehabilitation 
program.

Once the symptoms have diminished, the rehabilita-
tion program focuses on improving muscle strength, 

fl exibility, and endurance and preventing recurrence of 
injury.18

The primary muscles believed to be involved in shin 
splints are the fl exor digitorum longus and the soleus. 
Others have implicated the tibialis posterior, but its at-
tachment is more posterior than the area of typical shin 
splint symptoms, and it actually attaches to the interos-
seous membrane more than to the medial tibia.19 The 
deep crural fascia also attaches to the posteromedial 
tibia. Long-term rehabilitation for shin splints involves 
improvement of the fl exibility, strength, and endurance 
of the involved muscles and avoidance of contributing 
factors.

Anterior compartment stretching exercises, Achilles ten-
don stretching, and overall lower extremity fl exibility ex-
ercises are important. Eccentric strengthening of antago-
nistic muscle groups is also useful. Pain can be a guide in 
the advancement of the rehabilitation program.

Athletes should have full range of motion that is sym-
metric to the uninvolved side and have nearly full 
strength before returning to their prior activity or to com-
petition. Plyometrics should be avoided until a high level 
of strength, endurance, and fl exibility has been attained.

Cardiovascular fi tness should be maintained if possible 
through lower impact activities, such as biking, swim-
ming, or water running.

Return to previous activity level should be a gradual 
process, individualized, and based on the athlete’s re-
sponse to increasing intensity of training. Proper foot-
wear for the sport is believed to be essential. Running 
shoes lose more than 60% of their shock absorption 
after 250 miles of use.6 Orthotic devices are often neces-
sary in those individuals with foot abnormalities, such 
as pes planus. A plyometric program of strengthening 
and conditioning has been suggested as early as the 
third phase of rehabilitation,20 but return to sport out-
comes have not been reported.

Procedures
There is no proven benefi t noted in the literature to sup-
port any injection-based procedure, such as local exoge-
nous glucocorticoid injection. Limited empirical opin-
ions exist on a role for sclerotherapeutic solutions. Great 
care must be taken in ensuring the correct diagnosis, as 
potentially disastrous results may occur in dealing with 
a coexistent compartment syndrome. Theoretically, a 
palliative role may exist for either in chronic recalcitrant 
cases with functional decline.

Surgery
Surgery is rarely indicated but involves a posteromedial 
fasciotomy with release of the fascial bridge of the medial 
soleus and the fascia of the deep posterior compartment, 
with periosteal cauterization.14 Surgery is effective in re-
lieving pain, but it frequently leaves the patient with per-
sistent strength defi cits, and full return to sports is not 
always achieved.21

Differential Diagnosis

Stress fracture

Chronic exertional compartment syndrome

Tendinitis

Muscle strain

Muscle herniation

Vascular and muscular abnormalities

Lumbar radiculopathy

Pregnancy

Longitudinal tibial fatigue fracture

Hematoma

Primary muscle disease

Peroneal nerve entrapment

Fascial defect

Deep venous thrombosis

Sarcoma or osteosarcoma

Hydatid bone disease
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POTENTIAL DISEASE COMPLICATIONS
If shin splints are not treated and biomechanical 
malalignments are not addressed, stress fractures and 
potentially true fractures may occur. This would result in 
further morbidity and more time lost from the desired 
physical activity as well as potential function decline.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications involving the gastrointestinal and renal 
systems may result from treatment with nonsteroidal 
anti-infl ammatory drugs. Fasciotomy may result in re-
sidual weakness. Overly aggressive rehabilitation or re-
habilitation of the incorrect diagnosis may progress the 
injury or cause secondary injury. This author has experi-
ence with a case of severe refl ex sympathetic dystrophy 
and peripheral nerve injury after sclerotherapy.
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DEFINITION
Stress fractures are complete or partial bone fractures 
caused by the accumulation of microtrauma.1 Normal 
bone accommodates to stress through ongoing remod-
eling. If this remodeling system does not keep pace with 
the force applied, stress reaction (microfractures) and, 
fi nally, stress fracture can result. Stress fracture is the end 
result of a continuum of biologic responses to stress 
placed on bone. Adolescent, young adult, and premeno-
pausal women athletes have a higher incidence of stress 
injuries to bone than men do.2,3 Stress fractures in juve-
niles are rare.4 Both extrinsic and intrinsic factors have 
been implicated in this imbalance between bone re-
sorption and bone deposition.5 Malalignment and poor 
fl exibility of the lower extremities (intrinsic factors) and 
inadequate footwear, changes in training surface, and 
increases in training intensity and duration without an 
adequate ramp-up period (extrinsic factors) can lead to 
stress fractures.6

Stress fractures in athletes vary by sports and are most 
common in the lower extremities.2,7 The most common 
sites are the tibia, metatarsals, and fi bula, and they affect 
most commonly runners and dancers. The fracture site is 
the area of greatest stress, such as the origin of lower leg 
muscles along the medial tibia.8 A narrower mediolat-
eral tibial width was a risk factor for femoral, tibial, and 
foot stress fractures in a study of military recruits.9 Stud-
ies of female runners demonstrated greater loading rates 
in those with history of tibial stress fractures compared 

with those without injury.10,11 In contrast, in comparison 
of runners with and without history of tibial stress frac-
ture, no difference in ground reaction forces, bone den-
sity, or tibial bone geometric parameters was found 
between groups.12

Military recruits have been extensively studied in regard 
to lower extremity stress fractures. In a study of 
179 Finnish military recruits aged 18 to 20 years, tall 
height, poor physical conditioning, low hip bone min-
eral content and density, and high serum parathyroid 
hormone level were risk factors for stress fractures.13 The 
authors postulated that given the poor vitamin D status, 
intervention studies of vitamin D supplementation to 
lower serum parathyroid hormone levels and possibly to 
reduce the incidence of stress fractures are warranted. A 
database of systematic reviews, including 13 randomized 
prevention trials, concluded that shock-absorbing insert 
use in footwear probably reduces the incidence of stress 
fractures in military personnel.14 There was insuffi cient 
evidence to determine the best design of such inserts.

Stress fractures may be related to abnormalities of the 
bone, such as in female athletes with low bone density 
due to exercise-induced menstrual abnormalities.15-18

Premature osteoporosis leads to an increased risk for 
stress fractures. One study looked at premenopausal 
women runners and collegiate athletes and concluded 
that those with absent or irregular menses were at in-
creased risk for musculoskeletal injuries while engaged 
in active training.16 Muscle defi cits in the gastrocnemius-
soleus complex in jumping athletes have also been im-
plicated in causing tibial stress fractures. Bone injury 
may be a secondary event after a primary failure of 
muscle function.19

Individuals who are nonambulatory or have limited 
ambulation due to disability represent another popula-
tion with abnormal bone and premature osteoporosis. 
In stroke patients, there is signifi cant bone loss on the 
paretic side, which is greatest in those patients with the 
most severe functional defi cits.20 Spinal cord injury may 
not only cause bone loss but also alter bone structure 
and microstructure.21 Practitioners caring for individu-
als with limited mobility should consider stress fracture 
in the differential diagnosis of overuse injuries.

70Stress Fractures

Sheila Dugan, MD

Synonyms
Insuffi ciency fractures
Fatigue fractures
March fractures

ICD-9 Codes
821.0  Fracture of other and unspecifi ed parts of femur, shaft 

or unspecifi ed part, closed
823.8 Fracture of tibia and fi bula, unspecifi ed part, closed
824.8 Fracture of ankle, unspecifi ed, closed
825.2 Fracture of tarsal and metatarsal bones, closed

M U S C U L O S K E L E T A L  D I S O R D E R S :  K N E E  A N D  L O W E R  L E G

Ch70_393-398-X4007.indd 393Ch70_393-398-X4007.indd   393 3/17/08 6:18:14 PM3/17/08   6:18:14 PM



394 M U S C U L O S K E L E T A L  D I S O R D E R S :  K N E E  A N D  L O W E R  L E G

SYMPTOMS
Patients may report an increase in training or activity 
level or a change in training conditions preceding the 
onset of symptoms. Because of pain in the affected re-
gion of the bone, patients may seek medical attention 
during the microfracture or stress reaction phase of in-
jury. Should they forego relative rest (avoidance of the 
pain-provoking activity), they can progress to stress frac-
ture or even complete fracture. The pain will gradually 
increase with activity and may occur with less intense 
exercise, such as walking, or even at rest. In general, 
however, the pain will improve with rest. The pain can 
lead to a decline in performance. The individual may 
also note swelling in the affected region of the bone. 
Symptoms of paresthesias and numbness should alert 
the clinician that an alternative diagnosis should be 
considered.

PHYSICAL EXAMINATION
On physical examination, the clinician will fi nd an area 
of exquisite, well-localized tenderness, warmth, and 
edema over the affected region of the bone. Ecchymosis 
along the plantar aspect may be present with foot in-
volvement. Percussion of the nearby region can cause 
pain. Placement of a vibrating tuning fork over the frac-
ture site intensifi es the pain.22 In the tibia, stress fractures 
primarily occur along the medial border; the frequency, 
in order, is upper, lower, and midshaft. In the fi bula, 
they usually occur one handbreadth proximal to the 
lateral malleolus.5 Tarsal or metatarsal stress fractures 
present with localized foot tenderness. Weight-bearing 
activity, such as a one-legged hop test, can provoke the 
pain by increasing the ground reaction forces. For a pre-
sumed femoral stress fracture, the clinician can provoke 
pain by applying a downward force on the distal femur 
while the affected individual is seated with the distal fe-
mur extending beyond the edge of the seat (Fig. 70-1).

The physical examination must include an examination 
of the lumbar spine and lower limbs to evaluate for any 
anatomic malalignment or biomechanical abnormali-
ties. For instance, an individual with rigid supinated feet 
or weak foot intrinsic muscles may transmit more ground 
reaction forces to the tibia. On physical examination, 
one can identify problems that must be addressed in 
treatment planning.

Strength should be normal but occasionally limited by 
pain. Sensation and muscle stretch refl exes should also 
be normal.

FUNCTIONAL LIMITATIONS
Recreational and athletic activities requiring weight bear-
ing through the affected lower limb may be limited by 
pain. For instance, running results in the transmission of 
increased ground reaction forces through the leg. These 
forces can increase if one runs on a concrete surface ver-
sus an all-weather track. In acute cases, ambulation can 
be painful.

DIAGNOSTIC STUDIES
Plain fi lms may take as long as 6 weeks to demonstrate 
fracture, and fi lms are initially normal in up to two thirds 
of patients.23 Technetium Tc 99m diphosphonate bone 
scanning will yield the earliest confi rmatory data for 
stress fractures, demonstrating a “hot spot” 1 to 4 days 
after fracture.17 The fracture site may not return to normal 
on a bone scan for 5 months or longer, so it is not clini-
cally useful to assess recovery. Computed tomography is 
necessary to differentiate stress fractures of the sacrum 
and the tarsal navicular bone.24 Magnetic resonance im-
aging (MRI) delineates the fracture location and status of 
healing (Fig. 70-2). MRI provides soft tissue defi nition, 
which can be helpful in the setting of stress reaction or 
tendinitis. Although it can confi rm the diagnosis in the 
acute phase, it is generally not indicated initially. MRI 
fi ndings can help with clinical decision-making about 
return to activity or play. A retrospective review of mili-
tary recruits presenting with anterior lower leg pain 
showed that only 56% had positive fi ndings on MRI test-
ing, implicating tissues other than bone as the pain gen-
erator.25 In a study, 12% of asymptomatic feet in male 
college basketball players demonstrated bone marrow 
edema on MRI; the authors noted that this early detec-
tion might lead to preventive strategies to avoid injury.26

MRI grading systems have been developed with short T1 
inversion recovery (STIR) sequences. Four grades of ab-
normality have been described from grade 1 (demon-
stration of periosteal edema on STIR or T2-weighted 
images) through grade 4 (visible injury line on T1- or 

FIGURE 70-1. Physical examination technique to evaluate for femoral 
stress fracture. The examiner applies a downward pressure on the distal fe-
mur, using the examination table as a fulcrum, to increase the force across 
the fracture site. A positive test result reproduces the individual’s pain.
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T2-weighted images).27,28 Radiographic grading scales of 
stress injuries to bone can be useful in clinical trials to 
more specifi cally delineate response to management. 
One should consider bone density testing in a female 
patient with a history of amenorrhea.3

the propensity to progress to nonunion, such as mid-
shaft tibial stress fractures and tarsal navicular fractures, 
may require immediate immobilization with a bivalved 
orthotic boot. Femoral neck fractures on the tension 
(superior) aspect can become displaced and require 
strict non–weight-bearing status with axillary crutches 
initially.34 Metatarsal stress fractures can be treated with 
a stiff shoe and a straight cane or a rigid orthosis. Na-
vicular fractures may require immobilization in a short 
leg cast.29

In the setting of female athletes with exercise-induced 
amenorrhea, nutritional counseling and correction of 
any energy debt must be included in the stress fracture 
treatment program. If the menstrual cycle does not re-
turn with these interventions, there is controversy about 
the use of an oral contraceptive pill to restore menses. 
Fewer athletes with fractures were using oral contracep-
tive pills than were athletes without fractures in one 
study.35 In addition, women without stress fractures had 
a higher intake of calcium than did those with stress 
fractures. Nine elite runners with stress fractures were 
compared with matched control subjects without stress 
fractures, and signifi cant differences in the number of 
menses per year (less in the fracture group) and the age 
at onset of menses (delayed in the fracture group) were 
identifi ed.36

Rehabilitation
Physical therapy modalities such as heat and interfer-
ential electrical stimulation are used to increase local 
blood fl ow and to promote healing; however, there is 
a lack of controlled studies to prove their effi cacy. 
Deep soft tissue massage, including transverse fric-
tion massage, may be indicated and complement 
stretching for the muscles that originate along the 
medial tibia. Ongoing cardiovascular and strengthen-
ing activities should continue if they produce no 
pain; aqua jogging, stationary bicycling, or use of the 
elliptical machine can be substituted for running. 

FIGURE 70-2. Femoral stress fracture on the compression side of the right femoral neck in a 35-year-old female marathon runner demonstrated on
T1 (A) and STIR (B) coronal magnetic resonance images. (Images courtesy of David A. Turner, MD, Chairman, Department of Radiology, Rush University
Medical Center, Chicago.)
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Differential Diagnosis

Medial tibial stress syndrome

Osteoid osteoma

Compartment syndromes

Deep venous thrombosis

Knee disease (e.g., pes anserine bursitis)

Bone neoplasm

Osteomyelitis

TREATMENT
Initial
Pain and edema should be managed initially with PRICE 
(protection, rest, ice, compression, and elevation). Use of 
nonsteroidal anti-infl ammatory drugs (NSAIDs) is dis-
couraged by several authors because of the negative im-
pact of NSAIDs on tissue healing; in addition, masking 
of pain can compromise healing by reducing symptom-
atic feedback.29-32 Acetaminophen may be helpful in 
patients who are resting but still have pain. Activities 
that provoke pain are eliminated. If ambulation is pain-
ful, athletes are placed on non–weight-bearing status or 
full crutch walking to eliminate painful weight bear-
ing.33 In non–weight-bearing subjects, a trial of walking 
is performed every 2 days, and once walking is pain free, 
full ambulation with crutches is begun. Fractures with 
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Athletes can return to running once they are pain free 
with ambulation and cross-training activities; how-
ever, training schedules should be modifi ed, and pain 
should be used as the guide to progression of the 
program.37 In the setting of low-risk stress fractures, 
athletes may continue to participate if activity can be 
modifi ed to minimize stress at the fracture site.38

Sports-specifi c training must be addressed before re-
turn to play.

Careful attention to the training surface and equipment 
is mandatory. In the setting of signifi cant forefoot or 
rearfoot biomechanical abnormalities, custom foot or-
thotics may be indicated. Taping may be used temporar-
ily to provide stability of the ankle and foot. Local lower 
extremity strengthening is progressed from static exer-
cises to concentric to eccentric training on the basis of 
symptoms. Plyometric (weight-bearing eccentric) train-
ing should precede return to play. Shock-absorbing in-
soles and running on shock-absorbing surfaces are rec-
ommended and thought to decrease the ground reaction 
forces transmitted to the bones of the lower extrem-
ity.14,39 In a prospective study of athletes without con-
trol subjects, immobilization with a pneumatic leg 
brace was used to allow participation in a modifi ed 
training schedule earlier. The authors concluded that 
the brace promoted healing and limited the forces 
across the fracture site.40

Rocker-bottom shoes and steel shanks can be used to 
prevent and to treat lower extremity stress fractures in 
susceptible disabled individuals.

Procedures
There is no specifi c nonsurgical procedure for this injury.

Surgery
Conservative management successfully treats lower ex-
tremity stress fractures with a few exceptions. Femoral 
neck stress fractures on the tensile (superior) aspect 
may require pinning if they do not heal after a course 
of non–weight bearing. Midshaft tibial fractures are at 
risk for nonunion and must be immobilized and ob-
served closely; an open bone grafting procedure may be 
indicated in the setting of nonunion. Tarsal navicular 
stress fractures that do not respond to conservative 
treatment and demonstrate displacement, comminu-
tion, or nonunion may require open reduction with 
internal fi xation.41 In 26 subjects with 32 fractures 
treated for 2 years or more, surgical fi xation of navicu-
lar stress fractures appears to be as effective as conserva-
tive management in the longer term.42

POTENTIAL DISEASE COMPLICATIONS
If biomechanical and training principles are not ad-
dressed during treatment, stress fractures can recur. In 
female athletes with menstrual abnormalities and pre-
mature osteoporosis, failure to treat these conditions 
might also lead to recurrent stress fractures.

POTENTIAL TREATMENT 
COMPLICATIONS
Immobilization can lead to loss of joint range of mo-
tion and reduced muscle strength. Treatment risks with 
NSAIDs include gastrointestinal, hepatic, and renal side 
effects; in addition, detrimental effects on bone healing 
must be considered. A large retrospective study found 
that use of NSAIDs was associated with a 1.47 relative 
risk of fractures (nonvertebral) compared with control 
subjects who did not receive NSAIDs.43 Treatment of 
amenorrhea with oral contraceptive pills involves in-
creased risk for blood clots and their sequelae. Treat-
ment of premature osteoporosis with bisphosphonates 
includes risk for esophageal erosion or ulceration. Com-
plications of surgery include nonunion and other typi-
cal infrequent complications (e.g., infection, bleeding). 
Subjects who underwent surgical treatment for tarsal 
navicular stress fracture were more likely to continue to 
be tender over the navicular than were nonoperative 
subjects.42
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DEFINITION
Arthroplasty involves the reconstruction by natural 
modifi cation or artifi cial replacement of a diseased, 
damaged, or ankylosed joint.

There are three basic types of total knee arthroplasty 
(TKA): totally constrained, semiconstrained, and totally 
unconstrained. The amount of constraint built into an 
artifi cial joint refl ects the amount of stability the hard-
ware provides. As such, a totally constrained joint has 
the femoral portion physically attached to the tibial 
component and requires no ligamentous or soft tissue 
support. The semiconstrained TKA has two separate 
components that glide on each other, but the physical 
characteristics of the tibial component prevent excessive 
femoral glide. The totally unconstrained device relies 
completely on the body’s ligaments and soft tissues to 
maintain the stability of the joint.

The semiconstrained and totally unconstrained knee 
implants are most often used. In general, the totally 
unconstrained implants afford the most normal range 
of motion and gait.

In unicompartmental knee arthroplasty, only the joint 
surfaces on one side of the knee (usually the medial 
compartment) are replaced. Unicompartmental knee 
arthroplasty provides better relief than does a tibial os-
teotomy and greater range of motion than does a TKA, 
as well as improved ambulation velocity.

More recently, the concept of minimally invasive TKA 
has evolved from the procedures and investigations of 

unicompartmental knee arthroplasty. The distinctive 
features may be summarized as follows:

 ● Decreased skin incision length. The incision has 
been reduced to approximately twice the length 
of the patella, ranging between 6 and 11 cm.

 ● Flexion and extension of the lower limb for expo-
sure. The surgeon should realize that fl exing the 
knee exposes the posterior structures of the knee 
and extending it exposes the anterior structures of 
the knee. Repeated positioning can be facilitated 
by having an adjustable leg holder in the operat-
ing room to avoid the need for extra assistance.

 ● Symbiotic use of retractors. Relaxation of some 
retractors allows exposure of other parts of the 
knee.

 ● Quadriceps muscle-sparing approach. The method 
presently used is similar to the midvastus ap-
proach with a vastus medialis obliquus snip of 
approximately 1.5 to 3 cm.

 ● Inferior and superior patellar capsular releases. 
This step is very important to gain exposure of the 
entire joint as well as to be able to mobilize the 
patella, both medially and laterally.

 ● Lack of patellar eversion. There may be increased 
muscle tension increases when the patella is 
everted. This eversion strain on the extensor 
mechanism may also be exacerbated by the teth-
ering of the quadriceps mechanism by the in-
fl ated tourniquet proximally. Thus, patellar ever-
sion for up to an hour at a time or more may 
cause permanent dysfunction of the quadriceps 
muscle, as evidenced by postoperative weakness. 
In the minimally invasive technique, the patella is 
simply retracted out of the way after the vastus 
medialis obliquus snip.

 ● No joint dislocation. In this approach, the tibia 
and femur are cut in situ, thus avoiding disloca-
tion of the tibiofemoral joint. This may minimize 
capsular damage and postoperative pain.

 ● Downsized instrumentation. New instruments 
that are roughly half the size of traditional instru-
ments have been developed to facilitate mini-
mally invasive total knee procedures.

 ● Use of cut bone surfaces as guides. Instead of us-
ing only instruments to guide cuts, after the initial 
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Synonyms
Total knee arthroplasty
Total knee implant
Unicompartmental knee arthroplasty
Revision knee arthroplasty

ICD-9 Codes
715.16 Osteoarthrosis, localized, primary, lower leg
715.26 Osteoarthrosis, localized, secondary, lower leg
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bone cuts are made, the surgeon can use the bone 
surface itself as a guide to complete the cuts. Bone 
can be excised in a piecemeal fashion if needed.

 ● Suspended-leg technique. This step has been bor-
rowed from general knee arthroscopy techniques. 
Gravity is used to naturally expose the knee joint 
and to avoid the use of lamina spreaders to dis-
tract the joint.

TKA is a procedure that is widely performed for 
advanced arthropathies of the knee; it consistently al-
leviates pain, improves function, and enhances qual-
ity of life.1 As the elderly population in the United 
States grows and indications for the procedure 
broaden, it is projected that an increasing number of 
patients will undergo TKA. The principal diagnoses 
most commonly associated with total knee replace-
ment procedures are osteoarthrosis and allied disor-
ders (90.9%), followed by rheumatoid arthritis and 
other infl ammatory polyarthropathies (3.4%).2 The 
knee is the joint most often replaced in arthroplasty 
procedures. The most common age group for total 
knee replacements is 65 to 84 years. Women in this 
age range are more likely to undergo TKA than are 
their male counterparts.

The increasing use of TKA has raised several public and 
clinical policy issues, including apparent racial and eth-
nic disparities in TKA use,3 broadening indications for 
TKA to include younger and older patients, and evi-
dence that outcomes are better when TKA is performed 
in higher volume centers.4 These issues were partially 
addressed in the Agency for Healthcare Research and 
Quality report.5 The major fi ndings were summarized as 
follows:

There is no evidence that age, gender, or obesity is a 
strong predictor of functional outcomes. Patients with 
rheumatoid arthritis show more improvement than those 
with osteoarthritis, but this may be related to their poorer 
functional scores at the time of treatment and hence the 
potential for more improvement. The underlying indica-
tion though is consistent across all these groups. Namely, 
that advanced osteoarthrosis of the knee compromises 
functional activities as the patient’s knee pain becomes 
recalcitrant and unresponsive to conservative therapeutic 
interventions.

SYMPTOMS
Refractory knee pain is the most common symptom 
among patients who undergo TKA. Stiffness, deformity, 
and instability are symptoms also commonly seen in 
advanced osteoarthrosis or infl ammatory polyarthropa-
thy. In the postoperative period, acute surgical pain is 
manifested and is most intense during the fi rst 2 weeks. 
Disruption and infl ammation of the periarticular soft 
tissues present as a soft tissue stiffness pattern that dif-
fers from the preoperative rigid stiffness of advanced 
arthrosis. Joint proprioception impairment may give 
rise to a sense of mild knee instability in the postopera-
tive period. Uncommonly, debris may generate a sense 
of cracking, popping, or locking.

PHYSICAL EXAMINATION
The fi ndings of advanced arthrosis on examination are 
joint hypertrophy, joint line tenderness, and reduced 
passive and active range of motion associated with 
crepitus. Valgus deformity is common in osteoarthrosis. 
Varus deformity is more common in rheumatoid arthri-
tis. Ligamentous laxity is more commonly encountered 
in rheumatoid arthritis compared with osteoarthritis. 
Additional fi ndings include joint effusion and concom-
itant suprapatellar or pes anserine bursitis. In the post-
operative period, staples or sutures appose the incision 
margins. A serosanguineous discharge may be present 
during the fi rst week postoperatively. There is marked 
effusion of the knee joint. Increased warmth and ery-
thema are prominent features along with hyperpathia 
or allodynia. Muscle inhibition of the quadriceps and 
hamstrings interferes with manual muscle testing. Range 
of motion is most often guarded secondary to pain.

FUNCTIONAL LIMITATIONS
The preoperative profi le of a patient at risk for poor post-
operative locomotor recovery is a woman with a high 
body mass index, many comorbidities, high intensity of 
knee pain, restriction in fl exion amplitude, defi cits in 
knee strength, and poor preoperative locomotor ability 
as measured by the 6-minute gait test. In addition, the 
preoperative gait power profi les, on the nonsurgical side, 
are characterized by low concentric push-off work by the 
plantar fl exors and low concentric action of the hip fl ex-
ors during early swing.6 Postoperative pain scores and 
their associated psychological profi les ostensibly affect 
functional outcomes also.7

Subsequent studies have further identifi ed factors associ-
ated with a suboptimal postoperative functional outcome. 
Patients who have marked functional limitation, severe 
pain, low mental health score, and other comorbid condi-
tions before TKA are more likely to have a worse outcome 
at 1 year and 2 years postoperatively.8 One consistent 
fi nding is that preoperative joint function is a predictor of 
function at 6 months after TKA. Those patients who had 
lower preoperative functional status related to knee arthri-
tis functioned at a lower level at 6 months than did pa-
tients with a higher preoperative functional status.9 Stud-
ies have focused on quadriceps strength as a signifi cant 
contributing factor. Functional measures underwent an 
expected decline early after TKA, but recovery was more 
rapid than anticipated, and long-term outcomes were bet-
ter than previously reported in the literature. The high 
correlation between quadriceps strength and functional 
performance suggests that improved postoperative quad-
riceps strengthening could be important to enhance the 
potential benefi ts of TKA.10 However, preoperative quad-
riceps strength training exercise does not appear necessar-
ily to enhance functional outcomes.11

DIAGNOSTIC STUDIES
Diagnostic studies are necessary to address preparatory 
assessment as well as potential complications of TKA.
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TREATMENT
Initial
Medical therapeutic interventions address the following.

Prophylaxis for Deep Venous Thrombosis

Warfarin, low-molecular-weight heparinoids, factor X, 
and thrombin inhibitors as well as sequential pneumatic 
compression devices for the lower limb are the most com-
mon and effi cacious agents for deep venous thrombosis 
prophylaxis in the postoperative period after TKA.12-19

Postoperative Pain Management

During the fi rst 48 to 72 hours, patients often receive 
controlled analgesia therapy administered through the 
intravenous or epidural route. Some anesthesiologists 
employ a perioperative femoral nerve block. Subse-
quently, patients are given oral opioids. Controlled-
release and short-acting opioids may be used. Depend-
ing on the clinician’s and patient’s preferences, fi xed or 
rescue dose opioid medications are selected. The opioids 
can be titrated to achieve balance of analgesia versus 
emerging side effects.20-23

Incision Site Care

Dry, sterile gauze dressings are applied as long as drain-
age is present. Staples and sutures can safely be removed 
10 to 14 days after surgery.24,25

Postoperative Swelling

Properly fi tting, thigh-high elastic compression stockings, 
a continuous passive motion (CPM) machine, and pos-
sibly local cryotherapy are used to manage swelling.26-29

Postoperative Anemia

The overall blood lost after unilateral TKA has been es-
timated at 2.2 units. Blood loss is greater for unce-
mented than for cemented prostheses. Patients are often 
advised before surgery to donate 1 to 3 units of packed 
red blood cells for autotransfusion, although this prac-
tice has recently been questioned.30 In addition, postop-
erative blood collection and reinfusion through the 
surgical drain have been shown to be effective in reduc-
ing the need for bank blood and have a low morbidity 
rate when used with current techniques. Some patients 
are advised to commence a course of recombinant 
erythropoietin in conjunction with iron supplementa-
tion before surgery.31 If the patient is receiving oral 
anticoagulation therapy, bridging therapy with a low-
molecular-weight heparin compound may be consid-
ered by the patient’s primary care physician or medical 
consultant.32 If the perioperative red blood cell count 
reveals a macrocytic anemia, vitamin B12 and folic acid 
levels should be obtained. If the anemia is microcytic, 
serum iron level, total iron-binding capacity, or transfer-
rin concentration should be determined along with a 
reticulocyte count.

Rehabilitation
Rehabilitation programs that use clinical pathways en-
hance the effi ciency of postoperative rehabilitation for 
the patient with TKA. The rehabilitation program can be 
conceptualized as occurring in stages or phases. The fi rst 
stage commences in the immediate postoperative pe-
riod. The fi nal stage concludes when the patient returns 
to the community and pursues optimal independent 
functional living. See Table 71-1 for an example of a 
clinical pathway that addresses the schedule of progres-
sion during the fi rst phase.

Note that there are numerous protocols for the use 
of CPM machines during the fi rst phase of TKA rehabili-
tation. Flexion can be increased approximately 5 to 
10 degrees each day according to the patient’s tolerance, 
unless otherwise indicated. CPM intervention demon-
strates signifi cant improvements in active knee fl exion, 
reduces analgesic use 2 weeks postoperatively, and 
enhances physiotherapy goal achievement compared 
with physiotherapy alone.

In addition, length of hospital stay and need for knee 
manipulations were signifi cantly decreased with CPM. 
However, it is unclear whether it is the degree of knee 
fl exion applied or the number of hours of application of 
CPM that is clinically signifi cant. There is no evidence 
that short-term CPM application versus long-term CPM 
application infl uences outcome. There is no substantial 
evidence that CPM infl uences the degree of swelling, 
risk of venous thromboembolism, or incidence of 
wound infection or incision site complications.34

 Differential Diagnosis of the Symptomatic 
Total Knee Arthroplasty

Prosthetic loosening

Infection

Periprosthetic fracture

Component failure

Preoperative diagnostic testing appropriate for the eval-
uation of the patient with end-stage arthropathy of the 
knee includes standing anteroposterior and lateral ra-
diographs to assess joint space compromise and valgus 
or varus deformity. If infection is suspected, arthrocen-
tesis should be performed with synovial fl uid analysis 
for Gram stain and culture sensitivity studies.

Postoperative diagnostic testing initially includes non–
weight-bearing posteroanterior and lateral radiographs. 
During follow-up at 8 to 12 weeks, standing radio-
graphs should be obtained to assess component and 
alignment integrity.

Diagnostic testing for suspected prosthetic loosening 
includes plain radiographs of the knee. If infection is 
suspected, joint fl uid can be analyzed.
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TABLE 71-1 Clinical Pathway for First-Phase Rehabilitation33

Postoperative 
Day Exercise Mobility Ambulation Activities of Daily Living

0 Deep breathing Sits to chair transfer

Incentive spirometer

Quadriceps and gluteal 
sets

Education on continuous 
passive motion machine

Straight-leg raise

Hip abduction

Ankle pumps

1 Deep breathing Bed mobility Assess adaptive 
equipment: reachers, 
long-handled sponges, 
and shoehorns

Lower extremity static 
resistance exercises

Bed to chair transfers with 
knee immobilizer

Ankle pumps and circles

Continuous passive 
motion

2 Continue previously 
described exercises

Continue bed mobility 
and transfers

Assisted ambulation in room, 
partial weight bearing or 
weight bearing as tolerated 
with knee immobilizer

Raised toilet seat

Short arc quads Grooming and dressing 
well while seated

Straight-leg raise with 
knee immobilizer

Begin toilet transfers

Upper extremity 
strengthening

3 Continue previously 
described exercises

Decreased assistance in 
basic transfers

Independent ambulation with 
walker or crutches in room, 
partial weight bearing or 
weight bearing as tolerated 
with knee immobilizer

Independent toileting 
and grooming

Sitting full arc motion 
fl exion and extension 
in conjunction with 
supine passive fl exion 
and extension

Trial of ambulation in 
corridor, possibly practice 
negotiating 2-4 stairs

Education on joint 
protection and energy 
conservation 
techniques

Depending on community resources and home safety and support availability, the patient may be ready for hospital discharge and post–
acute care rehabilitation at this time.

4 Continue previously 
described exercises 
with increased intensity

Independent in basic 
transfers

Gait training to improve 
pattern and endurance

Continue previously 
described activities of 
daily living

Discontinue knee immobilizer 
(if quadriceps strength is 
greater than 3/5)

Initiate active assistive 
range of motion 
exercises and 
quadriceps and 
hamstrings self-stretch

5-6 Continue previously 
described exercises

Independent ambulation 
with assistive device

Independent dressing 
with tapered use of 
adaptive equipment

Transition from passive to 
active assistive range of 
motion exercises

Begin stairs with railing, cane 
as needed
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In the immediate postoperative period, the inhibited 
quadriceps and hamstrings may not adequately stabi-
lize the knee. The patient may require a knee immobi-
lizer for transfers and walking.

The patient will often require a two-handed assistive device 
(e.g., walker or axillary crutches) for gait training initially. 
Adaptive equipment for bathing and dressing (e.g., tub or 
shower seat, grab bars, dressing sticks, sock aid) is generally 
necessary. Some patients may not have suffi cient range of 
motion during the fi rst week postoperatively to negotiate 
stairs. The motor reactions normalize by the third week; 
therefore, patients may return to driving activities if they 
can perform car transfers independently and can tolerate 
sitting for prolonged periods.35

During the second stage of TKA rehabilitation (weeks 
1 to 4), the patient progresses to low-resistance 
dynamic exercise therapy for the involved lower ex-
tremity. This can be carried out with a stationary bicy-
cle. Some patients may prefer aquatic-based exercise 
regimens during this period. Patients should be inde-
pendent in ambulating with a two-handed or single-
handed device if they are fully weight bearing on level 
surfaces up to 500 feet. They should be supervised in 
negotiating stairs. Electrical stimulation of the quadri-
ceps can be considered for patients who have inhibited 
recruitment.36 Soft tissue mobilization can be intro-
duced to facilitate patellar glide. Most patients have a 
strength ratio favoring the hamstrings. During this pe-
riod, the patient should be independent in all basic 
activities of daily living. During the last 10 years, there 
has been a signifi cant temporal shift in expediting 
home and outpatient (clinic) TKA rehabilitation. Pres-
ently, there are no reproducible and enforceable guide-
lines that may be uniformly applied.37-39

During the third stage of TKA rehabilitation (weeks 4 to 
8), the available range of motion should reach 0 to 
115 degrees. Patients are able to advance their dynamic 
resistance exercise regimens and more freely pursue 
both open and closed kinetic chain and dynamic bal-
ance exercises. Patients advance to a single-handed de-
vice or no device for ambulation and at different speeds 
and on different terrain. They should be independent in 
negotiating stairs. Patients advance to independence in 
instrumental activities of daily living.

In the fi nal stage (weeks 8 to 12), patients may return 
to their preoperative exercise regimens and recreation 
activities and kneeling.

Most patients who participated in sports before surgery 
are able to return to low-impact sport activities and ex-
ercise regimens. Patients are able to return to sedentary, 
light, and medium work categories. Patients who are on 
sick leave for more than 6 months preoperatively are 
less likely to return to work. There is published evidence 
that the degree of physical activity does not contribute 
to premature revision TKA.40 However, younger patients 
may be at risk for earlier revision TKA, depending on 
their degree of physical activity.41 Contact sports are 
advised against, and caution should be exercised with 
high-impact aerobic activities.42-46

Procedures

Manipulation

Some patients with unsatisfactory gains in knee range of 
motion may be candidates for manipulation. The role of 
manipulation for the patient with a TKA contracture re-
mains controversial. Outcome studies are divided as to 
whether functional outcomes and quality of life are en-
hanced as a result of manipulation. When an orthopedic 
surgeon performs the procedure, it is carried out in an 
operating room with the use of general or epidural anes-
thesia. The goal is to overcome articular lesions with 
minimal force after quadriceps resistance is eliminated. 
Manipulation is most commonly performed during the 
second or third postoperative week if the range of mo-
tion of the involved knee is less than 75 degrees.47,48

Arthrocentesis

Aspiration of the knee for aerobic and anaerobic cul-
tures and sensitivities is the most reliable method for 
diagnosis of infection. Strict sterile technique must be 
used throughout the aspiration procedure.49

Surgery
The most common materials presently used in replace-
ment joints are cobalt-chromium and titanium on ul-
trahigh-molecular-weight polyethylene. In total knee 
arthroplasties, cobalt-chromium is always used on fem-
oral weight-bearing surfaces because of its superior 
strength. Total knee arthroplasties can be stabilized with 
or without cement. In some cases, hybrid total knee ar-
throplasties are used.

There are three major surgical approaches for the stan-
dard TKA: the medial parapatellar retinacular approach, 
the midvastus approach, and the subvastus approach.50

The medial parapatellar retinacular approach compro-
mises the quadriceps tendon in its medial third, and this 
gives rise to more postoperative patellofemoral compli-
cations. The midvastus approach does not compromise 
the extensor mechanism of the knee joint. The subvastus 
approach also preserves the integrity of the extensor 
mechanism but does not expose the knee as well as the 
other two approaches do. The type of arthrotomy used 
will infl uence postoperative management. After a stan-
dard anteromedial arthrotomy between the vastus medi-
alis and rectus tendons with eversion of the patella, active 
and passive range of motion may begin immediately. 
Protected ambulation with crutches or a walker is recom-
mended for 4 to 6 weeks to allow healing of the arthrot-
omy repair and recovery of quadriceps strength. Although 
recovery after the subvastus approach may be more rapid 
than after the standard anteromedial approach, protected 
weight bearing with ambulatory aids for 3 to 6 weeks is 
still recommended to allow soft tissue healing. In the 
patient with limited preoperative range of motion, either 
tibial tubercle osteotomy or a V-Y quadricepsplasty needs 
to be performed. After tibial tubercle osteotomy, early 
range of motion and full weight bearing within 1 week of 
surgery is recommended. Variations of the conventional 
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surgical exposures are also used in the minimally invasive 
TKA operative approaches.51

Weight-bearing status depends on the details of the sur-
gical reconstruction and whether the components were 
inserted with or without cement. For the otherwise un-
complicated primary cemented TKA, the patient can 
tolerate weight bearing within the confi nes of safety. 
Protected weight bearing can be performed only after 
the patient demonstrates adequate control of the limb 
to prevent falling. The time to weight bearing after total 
arthroplasty depends on the use of cement or cement-
less fi xation and whether large structural bone grafting 
was required. In cemented total knees, no differences in 
the incidence of radiolucent lines have been observed 
between immediate weight bearing and protected weight 
bearing for 12 weeks. Although weight bearing after ce-
mentless fi xation might increase micromotion, many 
surgeons allow early weight bearing.52

The tibial and femoral components presently in use 
have a life expectancy of 10 to 20 years. This life span 
depends on the surgical technique, the components 
used, the bone stock, and the level of physical activity 
after TKA. Revision TKA is a surgical procedure that the 
patient with TKA may encounter several years after the 
original surgery.53

POTENTIAL DISEASE COMPLICATIONS
Potential disease complications of conditions involving 
the knee, such as osteoarthritis, rheumatoid arthritis, 
and osteonecrosis of the femoral epicondyle or tibial 
condyle, include intractable pain, swelling, stiffness, 
contracture, and valgus or varus deformity.

POTENTIAL TREATMENT 
COMPLICATIONS
Potential treatment complications include local compli-
cations, patellar complications, inadequate motion, in-
stability, infection, and loosening:

Local complications include deep venous thrombosis 
and peroneal nerve palsy. The incidence of deep venous 
thrombosis after TKA is 40% to 80%. Distal deep venous 
thrombosis has a rate of occurrence of 50% to 70%, 
whereas proximal deep venous thrombosis has a rate of 
occurrence of 10% to 15%. Pulmonary embolism after 
TKA has an estimated rate of occurrence of 1.8% to 7%.54

In the patient who does not receive anticoagulation 
therapy, the thrombus develops within the fi rst 24 hours, 
and peak development is at 5 to 7 days after surgery. The 
growth ceases by day 10, and resolution of the thrombus 
(intrinsic thrombolysis) commences by day 14. Venogra-
phy, Doppler ultrasound imaging, and impedance pleth-
ysmography are used to diagnose deep venous thrombo-
sis. Doppler ultrasound studies are most commonly used 
in clinical practice. Currently, low-molecular-weight hep-
arin or continuous intravenous heparin in conjunction 
with anticoagulation with warfarin is recommended for 
active deep venous thrombosis treatment.

The incidence of post-thrombotic syndrome is relatively 
low in the population of patients undergoing TKA.55

Peroneal nerve injury occurs in less than 1% of patients 
in most series.56 Most patients experience partial resolu-
tion of their nerve palsy within the fi rst few months 
postoperatively. Few patients require use of a plastic or 
double metal upright ankle-foot orthosis.

Patellar complications include subluxation and dislo-
cation. These are often due to excessive tracking of the 
patella, which is diffi cult to correct with conservative 
treatment after the initial surgery. These complications 
are often recognized during the initial operative proce-
dure. When they are not recognized early, revision 
surgery is often needed.57 Patella fractures can be trau-
matically induced or stress induced. These fractures are 
generally treated conservatively unless closed reduc-
tion is problematic.58

Inadequate motion may result in a fl exion contracture of 
the knee. Aggressive pain management, early CPM, and 
mobilization of the patient can reduce the likelihood of 
contracture. A dynamic locking knee brace may help re-
duce small fl exion contractures (less than 20 degrees). 
The need for manipulation depends on the available 
range of motion of the knee. The required range of mo-
tion for the knee during functional activities is shown in 
Table 71-2. Manipulation can be considered if the knee 
range of motion is less than 85 degrees.

Instability is usually due to surgical error and requires 
surgical revision rather than bracing.59

The overall infection rate for initial TKA is 1%.60 This is 
higher in patients with advanced rheumatoid arthritis, 
revision TKA, and constrained prostheses. Deep infection 
can occur any time from days to months after surgery. 
Musculoskeletal infection usually presents as increase in 
pain with or without weight bearing, increase in swelling, 
and fever. Diagnosis is confi rmed by joint fl uid analysis, 
as described earlier. The patient requires a 6-week course 
of antibiotic treatment between the period of component 
removal and reimplantation. The most successful tech-
nique for treatment of the infected total knee replacement 
is a two-stage reimplantation of the TKA components. 
Infection must never be overlooked as a cause of implant 
loosening. Infection can occur early or late and can 
present with or without signs of systemic toxicity. The 

TABLE 71-2  Flexor Tendon Injuries (Immediate 
Motion)

Activity of Daily Living Extension-Flexion

Walking in stance phase 15-40 degrees

Walking in swing phase 15-70 degrees

Stair climbing step over step  0-83 degrees

Standing up from a chair  0-93 degrees

Standing up from a toilet  0-105 degrees

Stooping to lift an object  0-117 degrees

Tying a shoelace  0-106 degrees
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symptoms are commonly the same as those seen with 
aseptic loosening. A progressive radiolucency between the 
prosthesis and its adjacent bone almost always is consid-
ered an infection until proved otherwise. Negative aspi-
rate from the knee, normal sedimentation rate and C-
reactive protein level, and normal gallium or indium 
scans cannot rule out infection or prosthetic device. The 
patient should be advised that even in the presence of 
normal test results, infection of the prosthetic device may 
be discovered intraoperatively and necessitate the removal 
of the prosthetic device.

The most common reason for total arthroplasty failure 
has been loosening of the implant. Factors associated 
with loosening include infection, implant constraint, 
failure to achieve neutral mechanical alignment, insta-
bility, and cement technique. The prodromal features of 
impending loosening and failure of the components are 
an increase in pain and swelling with or without angu-
lar deformity of the knee.61 The radiographic features 
include a widening radiolucent zone between the im-
plant and the adjacent bone and subsidence of the im-
plant. Loosening may occur at the component-cement 
interface or bone-cement interface. Implant loosening 
can be attributed to mechanical and biologic factors. 
The mechanical factors include limb alignment, liga-
mentous balance, and preservation of a contracted pos-
terior cruciate ligament. Implant loosening can occur 
early or late. Early implant loosening usually occurs 
within the fi rst 2 years and represents a mechanical fail-
ure of the interlock of the implant and host to bone. 
This early implant loosening is more appropriately 
called fi xation failure and is often secondary to errors in 
judgment at the time of surgery or to problems with the 
technical aspects of the surgical procedure. Extremity 
malalignment, soft tissue imbalance, and poor cement 
technique individually or in combination contribute to 
loosening. Biologic factors are largely responsible for 
the phenomenon of late loosening. Late loosening of 
total knee implants is often secondary to the host bio-
logic response to the implant’s debris that weakens the 
mechanical bond of implant to bone established during 
surgery. Mechanical factors may contribute to late loos-
ening, but they do not alone explain the loss of fi xation 
device that has been stable for many years. The volume 
of particles generated from the articulation is infl uenced 
by the patient’s weight and activity level, duration of 
implantation, polyethylene thickness, and contact 
stresses. Wear may be accelerated by malalignment, in-
stability, and ligament imbalance, resulting in increased 
volume of particulate released into the joint.62
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DEFINITION
Achilles tendinitis exists along the spectrum of peri-
tendinitis to tendinosis or tendinopathy. This is a 
painful, swollen, and tender area of the Achilles ten-
don and peritenon usually secondary to repetitive ac-
tivity or overuse. Athletes with particularly tight heel 
cords are predisposed to injury. This condition com-
monly affects middle-aged men who play tennis, bas-
ketball, or other quick start-and-stop sports. Collagen 
vascular disease and diabetes may also be risk factors. 
The dogma has been that the relative avascularity of 
the region 5 to 7 cm proximal to the calcaneus inser-
tion is the primary predisposing risk factor; however, 
there is some question as to the role of thinning and 
twisting of the tendon at this midsection and whether 
vascularity is the primary factor.1 Ongoing studies, 
such as profi ling of metalloproteinases2 and mRNA 
expression,3 seem to question this dogma and are 
similar to research being done on other regions of the 
body (see Chapter 25); the classic perspective has 
been restricted to a structural pathologic process, yet 
there seems to be a growing understanding of the cel-
lular molecular basis of the clinical presentation. The 
histopathologic feature is angiofi broblastic hyperpla-
sia (tendinosis) of the body of the tendon (a degen-
erative process) with a concomitant and potentially 
secondary infl ammatory response in the peritenon.4,5

The maladies often occur simultaneously but may oc-
cur individually. An association with chronic quino-
lone exposure is well documented.6-8

SYMPTOMS
Pain and tenderness in the Achilles tendon are predomi-
nant symptoms, usually in association with running 
sports and fi tness activities.9 Activities with rapid starting 
and stopping or rapid eccentric contraction, such as clas-
sical ballet,10 increase the risk. An athlete with this injury 
has a 200-fold risk of sustaining a contralateral rupture 
of the Achilles tendon.11 In some patients, the pain actu-
ally improves with lower extremity exercise. Typically, 
the pain occurs with a change in the athletic training 
schedule. The most common location for tendinosis 
symptoms is at the apex of the Achilles tendon curvature. 
Different activities can lead to pathologic change in 
other regions of the tendon, namely, at the calcaneal 
insertion with or without a Haglund deformity or at the 
myotendinous junction. A history of an acute traumatic 
event in which the patient reports a “pop” should sug-
gest an Achilles tendon partial or complete rupture, al-
though a similar pop can occur with tear or rupture of 
the plantaris, peroneus, or posterior tibial tendon.

PHYSICAL EXAMINATION
The essential element in the physical examination is the 
localization of swelling and tenderness in the critical 
zone of the Achilles tendon, at the apex of the Achilles 
curve approximately 21⁄2 inches proximal to the os calcis 
insertion. Exquisite tenderness to palpation is a classic 
examination fi nding. The degree of ankle plantar force 
generated has been shown to have a strong negative rela-
tionship with pain, and a standardized strength testing 
system has been suggested and shown to be reliable on a 
small sample.12 Palpable heat is usually not evident un-
less peritendinitis is a major component. The Achilles is 
usually tight, with ankle dorsifl exion rarely extending 
beyond 90 degrees. Associated fi ndings may include ab-
normal foot posture (pes planus or cavus), tight ham-
strings, and muscle weakness of the entire hip and leg. 
Heels may not move into a normal varus position when 
standing on toes. Neurologic evaluation, including 
strength, sensation, and deep tendon refl exes, is normal. 
History of quinolone exposure, collagen vascular disease, 
anabolic steroid use, or smoking should be noted.
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Synonyms
Achilles tendinosis
Peritendinosis
Heel cord tendinitis

ICD-9 Codes
726.71 Achilles bursitis or tendinitis
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The examination should also include observation for a 
palpable defect and the Thompson test (squeezing the 
calf, which should result in plantar fl exion in an at-
tached tendon) to rule out rupture of the Achilles ten-
don (Fig. 72-1).

FUNCTIONAL LIMITATIONS
Impact weight-bearing activities, such as jogging, fast 
walking, and running, are usually limited. Dance or cut-
ting “moves” typical of fi eld sports are virtually impossi-
ble. Nonimpact fi tness activities, such as cycling and using 
an elliptical trainer, may also result in symptoms. Patients 
may complain of pain with daily ambulatory activities, 
such as walking at work or climbing stairs. Whereas indi-
vidual differences exist, early recovery of plantar fl exion 
may be seen with little functional change, usually because 
of fl exor hallucis longus compensation.13

DIAGNOSTIC STUDIES
Unless a special form of calcifi ed Achilles tendinosis oc-
curs at the os calcis insertion, regular radiographs are 
usually normal. Diagnostic ultrasonography or magnetic 

resonance imaging is capable of defi ning the extent of 
both tendinosis and peritendinitis, but serial magnetic 
resonance examinations, especially postoperatively, are 
not indicated and do not correlate with functional out-
come.14 Partial rupture is a diagnostic dilemma for diag-
nostic ultrasonography,15 and if it is suspected, magnetic 
resonance imaging should still be considered the stan-
dard of care. Magnetic resonance imaging is also more 
useful in documenting a complete tear’s distance and 
location as well as the existence of partial tear that may 
appear normal or questionable on diagnostic ultrasound 
examination. An evolving role of positron emission 
tomography may exist.16 These studies are generally rec-
ommended only to help defi ne the prognosis or in pa-
tients who are unresponsive to rehabilitation and for 
whom surgery is being considered.

FIGURE 72-1. The Thompson test is a reliable clinical test to identify a 
complete tear in the Achilles tendon. When the Achilles tendon is torn, a 
positive test result is elicited by squeezing the calf and seeing no plantar 
fl exion of the foot. The test result is negative when the calf is squeezed 
and plantar fl exion occurs in the foot.

Positive 

Negative

Torn 
Achilles
tendon

Differential Diagnosis

Haglund deformity

Retrocalcaneal bursitis

Adventitial bursitis

Achilles tendon rupture

Tibial stress fracture

Medial gastrocnemius tear

TREATMENT
Initial
The initial treatment goal is to decrease pain and to 
reduce infl ammation. Therefore, rest from aggravating 
activities is critical. Icing (20 minutes, two or three 
times daily) and nonsteroidal anti-infl ammatory drugs 
or analgesics can be used for pain and infl ammation. 
Counterforce bracing is often helpful. A simple heel lift 
(1⁄8 to 1⁄2 inch) can decrease some of the stress on the 
tendon. Warm-up before any weight-bearing activity 
and cooling with ice afterward are recommended. 
Good functional results can usually be achieved in 
about 75% of cases at 3 months with nonoperative 
treatment in compliant patients with a tendon separa-
tion distance of 10 mm or less apparent on diagnostic 
ultrasonography.17

Rehabilitation
The rehabilitative process focuses on biologic improve-
ment of the damaged tendon and peritenon and restora-
tion of function, rather than the comfort efforts of the 
initial treatment phase. Rehabilitation is best initiated in 
a structured physical therapy program followed by home 
therapeutic exercise. Modalities including ultrasound, 
iontophoresis, and phonophoresis often comfort and 
may enhance the rehabilitation goals and enable the re-
habilitation program. Electrical stimulation should 
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probably be considered contraindicated in the face of 
the overuse etiology and counterphysiologic motor unit 
recruitment of muscle fi bers.

Therapeutic exercise needs to be directed toward the 
entire kinetic chain because strength, endurance, and 
fl exibility defi cits are common, and most lower extrem-
ity sports activities occur as patterned motor engrams. 
Isokinetic strength and endurance testing usually aids 
in uncovering relative weakness and monitoring the 
rehabilitation progress. The postoperative goals of neo-
vascularization, reduction of atrophy, fi broblastic infi l-
tration, and collagen production and the restoration of 
strength, endurance, and fl exibility are best served by 
early mobilization.18

Control of abusive force loads can be accomplished by 
counterforce bracing of the Achilles tendon or orthotics 
to minimize abnormal foot posture. Gradual, controlled 
return to running may be initiated through running in 
water programs. General fi tness may be maintained by 
use of upper body land programs such as arm ergometry, 
resistance training, and water programs dedicated to the 
entire body. Return to sport or running is transitional, 
including plyometric and eccentric exercises. Full return 
generally requires normal strength, endurance, and fl ex-
ibility. Repeated injury is not uncommon. Non–weight- 
bearing status and axillary crutches may have a role 
in the acute phase of treatment, with return to weight 
bearing as tolerated. A short leg cast or splint in 10 to 
15 degrees of plantar fl exion may also be used for no 
more than 2 weeks on the basis of the clinical picture. 
Return to normal activity, generally in 6 to 12 weeks, 
depends on level of participation (professional athlete 
versus weekend warrior), severity of the injury, and gen-
eral medical condition.

Procedures
Control of pain by exogenous glucocorticoid injection 
is contraindicated as cellular death and tendon weak-
ness with potential progression to tendon rupture are 
signifi cant concerns in any region. Although there may 
be a developing role for hylan G-F 20,19 this has been 
studied, to date, only in corticosteroid-induced Achilles 
tendinopathy in an animal model. Likewise, pulsed ul-
trasound,20 indium-gallium-aluminum-phosphide di-
ode laser irradiation,21 and substance P injection22 in an 
animal tenotomy model have shown promising early 
results.

Surgery
Rehabilitation failure may invite surgical intervention 
for ultimate problem resolution versus acceptance of 
the malady and alteration of activity level. Optimal sur-
gical management strategy is controversial, but the rela-
tive avascularity of the region makes wound healing 
complications and deep infection ever-present threats. 
The concepts of surgery include removal of sympto-
matic peritendinitis tissue and resection of the abnor-
mal tendinosis tissue in the body of the Achilles tendon 
with subsequent repair of the remaining adjacent nor-
mal tendon. This is usually accomplished with standard 

sutures or wires; however, fi brin sealant has been used,23

and at least on the surface, it may seem a more biologic 
approach. Surgery is highly successful if all pathologic 
tissue is removed and appropriate postoperative reha-
bilitation is implemented.

In cases of suspected tendon rupture, a surgical consul-
tation is warranted for consideration of other tendon 
ruptures. Endoscopic techniques have been proposed as 
an alternative to open surgery24; but with comparable 
re-rupture rates, there is some question as to whether 
the percutaneous repair, with an increased complication 
rate, should be done at all in lieu of a limited open 
technique.25

POTENTIAL DISEASE COMPLICATIONS
Chronic symptoms can result in weakening and subse-
quent complete rupture of the Achilles tendon. Chronic 
intractable pain and gait abnormality may develop.

POTENTIAL TREATMENT 
COMPLICATIONS
Side effects of nonsteroidal anti-infl ammatory drugs in-
clude gastric, renal, and hepatic complications. Bracing 
for prolonged periods may lead to disuse weakness, at-
rophy, and poorly coordinated motor control when re-
turn to activity is attempted. Sural nerve injury can occur 
with open or percutaneous repair.26 Signifi cant altera-
tions in gait can cause secondary knee, hip, forefoot, or 
low back pain. Overly aggressive physical therapy may 
cause tendon weakness and potential rupture. Surgical 
complications of bleeding, infection, and tibial or sural 
nerve injury are well known. Repeated tear may occur.
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DEFINITION
Ankle arthritis is degeneration of the cartilage within 
the tibiotalar joint; it can result from a wide range of 
causes, most commonly post-traumatic degenerative 
joint disease. An acute injury or trauma sustained a 
number of years before presentation or less severe, re-
petitive, minor injuries sustained during a longer 
period can lead to a slow but progressive destruction 
of the articular cartilage, resulting in degenerative 
joint disease.1 Other common types of arthritis are 
osteoarthritis, rheumatoid arthritis, and septic arthri-
tis. Osteoarthritis is usually less infl ammatory than 
rheumatoid arthritis but can also involve many joints 
simultaneously.

SYMPTOMS
As with arthritis of any joint, the presenting symptoms 
are pain (which may be variable at different times of 
the day and exacerbated by weight bearing), swelling, 
stiffness, and progressive deformity.1 Pieces of the car-
tilage can break off, forming a loose body, and the 
joint can “lock” or “catch,” sticking in one position 
and causing acute, excruciating pain until the loose 
body moves from between the two irregular joint sur-
faces. Another symptom is that of “giving way” or in-
stability of the joint, which may be a result of sur-
rounding muscle weakness or ligamentous laxity. With 
progression of the arthritis, night pain can become a 
major complaint.

PHYSICAL EXAMINATION
Swelling, pain, and possibly increased temperature on 
palpation may be present. The pain is usually maximal 
along the anterior talocrural joint line and typically 
chronic and progressive. The ankle may be stiff on ini-
tial weight bearing; this improves after walking a while 
but then worsens with too much ambulatory activity. 
The pain is relieved with rest. If the patient’s other ankle 
is normal, it is important to compare the two. Defor-
mity and reduced range of motion in plantar fl exion 
and dorsifl exion (normal: up to 20 degrees of dorsifl ex-
ion and 45 degrees of plantar fl exion) may be seen. The 
patient may exhibit an antalgic gait or a limp. Septic 
arthritis presents very differently. It is acute in onset, 
warm, erythematous, swollen, and severely painful with 
passive range of motion and may be accompanied by 
constitutional symptoms.

FUNCTIONAL LIMITATIONS
Pain with walking distances and diffi culty in negotiat-
ing stairs or inclines are particular functional disabili-
ties. Even prolonged standing can become intolerable 
with advanced joint deterioration. Night pain can lead 
to diffi culties with sleep. Patients will typically adjust 
their activities or eliminate many of them, particularly 
exercising, because of pain.

DIAGNOSTIC STUDIES
Plain anteroposterior and lateral standing radiographs 
provide suffi cient information in the later stages of the 
disease (Figs. 73-1 and 73-2). Magnetic resonance imag-
ing may show damage to articular cartilage and a joint 
effusion earlier in the course of the disease. In assess-
ment of the radiographs, attention should also be paid 
to the other joints in the hindfoot because these will 
affect management options. Generalized bone density 
and alignment should also be noted.

In some cases, patients present with varying degrees of 
degeneration of other, adjacent joints. By performing 

73Ankle Arthritis

David Wexler, MD, FRCS (Tr, Orth), Dawn M. Grosser, MD, 
and Todd A. Kile, MD

Synonym
Degenerative joint disease of the ankle

ICD-9 Codes
715.17 Osteoarthritis, localized, primary, ankle and foot
715.27 Osteoarthritis, localized, secondary, ankle and foot
716.17 Traumatic arthropathy, ankle and foot
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pain. Prefabricated orthoses ranging from fl exible neo-
prene braces and lace-up or wraparound ankle sup-
ports to more rigid braces or walking boots can be 
prescribed to enhance stability and to reduce move-
ment in the ankle joint, thus reducing pain levels.

Rehabilitation
A custom-molded rigid ankle-foot orthosis (AFO) fabri-
cated by a skilled orthotist along with a rocker-bottom 
modifi cation to the shoe (which can be accomplished 
by most cobblers) can provide dramatic pain relief for 
most patients with ankle arthritis. A physical therapist 
can instruct a patient in the proper technique for use of 
a walking stick or cane in the opposite hand. This is a 
simple but effective aid in reducing the forces across the 
ankle joint when the patient is ambulatory.

Mobilization, stretching techniques, and range of move-
ment exercises may help alleviate pain and stiffness. 
Non–weight-bearing exercises are important, and if it is 
accessible, hydrotherapy has been shown to be an ex-
tremely useful and productive adjunct. Distraction and 
gliding mobilization techniques improve range of move-
ment. Strengthening of surrounding muscle groups and 
proprioceptive rehabilitation will enhance stability.

Procedures
Other than the blocks that are performed to determine 
the location of the pathologic changes in confusing 
cases, injections are not typically done for ankle arthri-
tis. Corticosteroid injection is generally of only limited 
duration, and steroids are chondrotoxic (cause carti-
lage damage). However, they can provide excellent 
temporary pain relief in patients with joints at end-
stage disease.

Surgery
Surgery is indicated in patients who fail to respond to 
nonoperative management and especially in those with 
unremitting pain. In the earlier stages of arthritis, an ar-
throscopic washout and cartilage débridement of the 
ankle joint may provide signifi cant improvement in pain 
levels. As the disease progresses, more extensive surgery 

FIGURE 73-1. Lateral standing radiograph of the ankle in a patient with 
rheumatoid arthritis. This demonstrates loss of joint space and bone de-
struction of the ankle joint.

FIGURE 73-2. Anteroposterior standing radiograph of bilateral ankles in 
a patient with rheumatoid arthritis. This demonstrates the degenerative, 
destroyed joint on the left and one method of fusion with an intramedul-
lary nail on the right.

Differential Diagnosis

Edema (e.g., edema secondary to congestive cardiac 
failure)

Subtalar joint degenerative disease

Posterior tibial tenosynovitis

Osteochondral defect

Fracture

Osteonecrosis

differential blocks (i.e., isolated ankle block or subtalar 
block) with local anesthetic under radiographic control, 
the clinician may determine which of these joints are 
symptomatic.

TREATMENT
Initial
Initial treatment focuses on pain relief and minimiz-
ing infl ammation. Nonsteroidal anti-infl ammatory 
drugs or simple analgesics are used to alleviate the 

Ch73_411-414-X4007.indd 412Ch73_411-414-X4007.indd   412 3/18/08 4:41:07 PM3/18/08   4:41:07 PM



Ank le  Ar thr i t is 413

is required. Many different variations and techniques of 
fusion have been described, ranging from minimally 
invasive arthroscopic arthrodesis to open fusion with 
hardware.1-6 Total ankle joint replacement (arthroplasty) 
has been an alternative to ankle fusion since the 1970s 
in certain select populations of patients. It has under-
gone a series of alterations because the earlier generation 
models were more prone to failure and unpredictable 
results.7 To date, there are no level I studies showing bet-
ter cost-effectiveness8 or better performance than the 
“gold standard,” ankle fusion.9 Selection of patients is of 
paramount importance; those with high demands (hik-
ing, tennis, running) may be better served with a more 
predictable, stable fusion than with a replacement that 
has a high likelihood of failure and need of revision.

POTENTIAL DISEASE COMPLICATIONS
Progressive immobility, permanent loss of motion of 
the ankle joint, bone collapse leading to leg length dis-
crepancy, and chronic intractable pain can result from 
ankle arthritis.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Arthroscopy can 
be complicated by nerve damage or, rarely, septic arthri-
tis. On occasion, with arthrodesis, fusion can fail to 
occur.10 An alteration in gait is common.11 Arthroplasty 
complications include infection, thromboembolism, 
bone collapse, and implant migration.
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DEFINITION
Bursae are closed sacs lined by a synovium-like mem-
brane; they contain synovial fl uid and are usually lo-
cated in areas that are subject to friction. Their purpose 
is to mitigate friction and thus to facilitate the motion 
that occurs between bones and tendons, bones and 
skin, or tendons and ligaments.1

Bursae are classifi ed according to their location, as 
shown in Table 74-1.1,2

Symptomatic malleolar bursae most likely result from 
abnormal contact pressures. They may also be second-
ary to shear forces that arise between the bony malleoli 
and the patient’s footwear, particularly boots or athletic 
shoes that surround the ankle. These may occur either 
medially or laterally. However, medial bursae are more 
common.1 The bone prominences of the malleoli have 
little inherent soft tissue to protect them from these ex-
cessive pressures. The body responds to this abnormal 
stress by developing an adventitious bursa at this site. 

The skin and subcutaneous tissues are then able to glide 
over the bone prominences and thus dissipate these 
excessive forces. Eventually, these bursae may become 
infl amed, resulting in bursitis.

The posterior heel includes the retrocalcaneal bursa, 
which is located between the calcaneus and the Achilles 
tendon insertion site, and the retroachilles bursa, which 
is located between the Achilles tendon and the skin. 
Each bursa is a potential site of infl ammation. The most 
common cause of posterior heel bursitis is ill-fi tting 
footwear with a stiff posterior edge that abrades the area 
of the Achilles tendon insertion.

Retrocalcaneal infl ammation may also be associated 
with a prominence of the posterosuperior lateral aspect 
of the calcaneus, causing irritation of the bursa, particu-
larly from a poor-fi tting shoe. This condition is called 
Haglund deformity. This entity often goes hand-in-hand 
with retrocalcaneal bursitis, and frequently there is an 
element of insertional tendinitis as well. The term pump
bump has also been used to describe this condition.

Although Haglund deformity is more commonly found 
in women who wear high-heeled shoes, it is sometimes 
found in hockey players who wear a rigid heel counter 
that causes irritation. The population of patients that 
has this superolateral bone prominence tends to be 
younger than the patients with retrocalcaneal bursitis.3

Numerous biomechanical risk factors have been associ-
ated with Haglund deformity. These include a high-
arched cavus foot, rearfoot varus, rearfoot equinus, and 
trauma to the apophysis in childhood4-6 (Fig. 74-1).

Bursitis can also occur in the forefoot and may involve 
the intermetatarsal bursae or the adventitial bursae be-
neath the metatarsal heads.2

Risk factors for foot and ankle bursitis are outlined in 
Table 74-2. Runners, especially those who train uphill, 
sustain repeated ankle dorsifl exion. The retrocalcaneal 
bursa lies between the Achilles tendon and calcaneus and 
is compressed with each motion. Repetitive stress through 
this motion can lead to bursitis. Also, runners and recre-
ational walkers with sudden increase in mileage are at 
risk for acquiring symptoms of tenderness, swelling, red-
ness, and pain near the insertion of the Achilles tendon. 

Synonyms
Fluid-fi lled sac of fi brous tissue
Glandular sac (a pouch at a joint to lessen friction)
Haglund deformity
Albert disease
Calcaneus altus
Cucumber heel
High-prow heel
Knobby heel
Prow beak deformity
Pump bump
Retrocalcaneal bursitis
Tendo Achilles bursitis
Winter heel
Hatchet-shaped heel
Achillodynia

ICD-9 Codes
726.71 Achilles bursitis or tendinitis
726.79 Retrocalcaneal bursitis
727.2  Specifi c bursitis often of occupational origin
727.3  Other bursitis disorders
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The most common cause of ankle bursitis is tight-fi tting 
shoes with a fi rm heel counter. Women wearing high-
heeled shoes, runners with improper shoe fi t or overworn 
footwear, skaters, and patients with lower extremity 
edema are susceptible.

Other important causes of bursitis, in general, are 
trauma, infection, rheumatoid arthritis, and gout.

SYMPTOMS
The symptoms of bursitis are described in Table 74-3.

With malleolar bursitis, there may be exquisite tender-
ness surrounding the infl amed bursa, a fl uctuant mass 
over the medial malleolus, and decreased range of mo-
tion of the ankle.

Retrocalcaneal bursitis is hallmarked by pain that is ante-
rior to the Achilles tendon and just superior to its insertion 

on the os calcis. Compression of the bursa between the 
calcaneus and the Achilles tendon occurs every time the 
ankle is dorsifl exed; in a runner, the repetitions are count-
less, particularly with uphill running, when ankle dorsi-
fl exion is increased. Patients often develop a limp, and 
wearing of shoes may eventually become increasingly 
painful. Thus, it is not surprising that long-distance run-
ners who use uphill running as a training method fre-
quently develop retrocalcaneal bursitis.

TABLE 74-1  Classifi cation of Bursae According 
to Location

Bursal Type Examples Description

Deep Retrocalcaneal Found beneath the fi brous 
investing fascia 

Develop in utero
Often communicate with 

joints

Subcutaneous Olecranon, 
prepatellar

Develop during childhood
Do not normally communicate 

with the adjacent joint

Adventitious Malleolar, 
metatarsal
head

Often have a thick, fi brous wall
Are susceptible to 

infl ammatory changes

FIGURE 74-1. The anatomy of the structures around the ankle joint. (Reprinted with permission from Morelli V, James E. Achilles tendonopathy and 
tendon rupture: conservative versus surgical management. Prim Care 2004;31:1039-1054.)

Soleus-gastrocnemius
complex

Tibia

Fibula

Peroneus longus
and brevis tendons

Achilles tendon

Retrocalcaneal
bursa

Subcutaneous
calcaneal bursa

Insertion of
Achilles tendon

Calcaneus

TABLE 74-2  Risk Factors for Foot and Ankle Bursitis

Type of Bursitis Risk Factors

Malleolar Commonly found in repetitive overactivity in 
boot-wearing athletes, such as ice skaters

Retrocalcaneal Athletic overactivity associated with 
repetitive trauma

Most common in long-distance runners 
who run uphill as a training method

Hindfoot varus
Rigid plantar-fl exed fi rst ray

Retroachilles Commonly found in women who wear 
high-heeled shoes

In the athletic population, it is often found 
in hockey players who wear a rigid heel 
counter that causes irritation

Retrocalcaneal bursitis
Achilles tendinitis
High-arched cavus foot
Hindfoot varus
Hindfoot equinus
Trauma to the apophysis in childhood

Metatarsal First metatarsal: dancers, squash players, or 
skiers 

Second to fourth metatarsals: chronic 
infl ammatory arthritis
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Patients with retroachilles bursitis are often asympto-
matic. However, when symptoms occur, the patient usu-
ally presents with a painful, tender subcutaneous swell-
ing overlying the Achilles tendon, usually at the level of 
the shoe counter. The overlying skin may be hyperkera-
totic or reddened.

Patients with metatarsal bursitis usually have exquisite 
tenderness surrounding the infl amed bursa, swelling 
over the metatarsal head, and decreased range of mo-
tion of the metatarsophalangeal joint.

PHYSICAL EXAMINATION
The physical examination fi ndings in bursitis are de-
scribed in Table 74-4.

The physical examination includes inspection of the 
patient’s foot at rest and in a weight-bearing position. A 
visual survey of the foot may reveal swelling, bone de-
formities, bruising, or skin breaks. The physician should 
palpate bone prominences and tendinous insertions 
near the heel and midfoot, noting any tenderness or 
palpable defects. Passive range of motion of the foot 

and ankle joints is assessed for indications of restricted 
movement. Foot posture and arch formation are visu-
ally examined while the patient is bearing weight; the 
physician is looking for abnormal pronation or other 
biomechanical irregularities.

In general, the site of the infl amed bursa is fl uctuant 
and may have some mild associated tenderness and 
warmth. The patient should be examined closely for any 
erythema, edema, hypersensitivity, fever, or swollen 
lymph nodes to rule out septic bursitis.

Insertional tendinosis involves degeneration, not in-
fl ammation, of the most distal portion of the Achilles 
tendon and its attachment on the calcaneal tuberosity. 
Distinguishing insertional Achilles tendinosis from ret-
rocalcaneal bursitis or osseous impingement, although 
desirable, is diffi cult because both may be a continuum 
of the same disease process and can coexist.

FUNCTIONAL LIMITATIONS
Adhesions of the surface of a bursa limit the degree of 
movement of the associated joint. Pain is a common 
cause of decreased function. The patient may be limited 
in ambulation, climbing stairs, and sports activity. The 
patient also may be limited in footwear, such as protec-
tive boots for work.

DIAGNOSTIC STUDIES
Careful physical examination will often yield the cause 
of most heel pain. Nonetheless, physicians often order 
radiographs to aid in the diagnostic workup and to ex-
clude osseous causes of the pain. The radiographic fi nd-
ings of bursitis are listed in Table 74-5.

Levy and colleagues7 demonstrated that routine radio-
graphs are of limited value in the initial evaluation of 
nontraumatic plantar heel pain in adults and are not 
necessary in the initial evaluation. They suggested that 
radiographs should be reserved for patients who do not 

TABLE 74-3  Bursitis—Symptoms

Type of Bursitis Symptoms

Malleolar Tender swelling at the malleolus

Retrocalcaneal Posterior heel pain that is anterior to the 
Achilles tendon, just superior to Achilles 
insertion, and made worse by ankle 
dorsifl exion 

Tender swelling behind the ankle

Retroachilles Often asymptomatic 
Tender swelling behind the ankle

Metatarsal Throbbing pain under a metatarsal head 
that usually persists at rest and is 
exacerbated when the area is fi rst loaded

TABLE 74-4  Bursitis—Physical Findings

Type of Bursitis Physical Findings

Malleolar Painful, tender subcutaneous swelling overlying the malleolus 
Overlying skin may be hyperkeratotic or reddened.

Retrocalcaneal Tenderness and bogginess along the medial and lateral aspects of the Achilles tendon at its insertion 
Posterior heel pain with passive ankle dorsifl exion
Posterior heel pain with active resisted plantar fl exion
A positive two-fi nger squeeze test result: pain elicited by application of pressure both medially and laterally with two 

fi ngers just superior and anterior to the Achilles insertion

Retroachilles Painful, tender subcutaneous swelling overlying the Achilles tendon, usually at the level of the shoe counter, and
on lateral side of Achilles tendon

Overlying skin may be hyperkeratotic or reddened.

Metatarsal If a superfi cial bursa is affected, there will be signs of acute infl ammation, with fl uctuant swelling and warmth.
If a deep bursa is affected, tissues are tight and congested.
Pain with direct pressure, compression, or dorsifl exion of the associated digit
An overlying callus may suggest that this is a high-pressure site during normal gait.

Ch74_415-420-X4007.indd 417Ch74_415-420-X4007.indd   417 3/18/08 3:35:09 PM3/18/08   3:35:09 PM



418 M U S C U L O S K E L E T A L  D I S O R D E R S :  F O O T  A N D  A N K L E

improve as expected or present with an unusual history 
or confounding physical fi ndings.

Multiple studies have attempted to delineate Haglund 
deformity radiographically by looking at the height, 
length, and angular relationships of the calcaneus. Most 
authors cannot recommend one particular radiographic 
view as being consistently helpful in demonstrating this 
bone prominence or in making a diagnosis or planning 
treatment.

Initial
In general, nonoperative treatment of foot and ankle bur-
sitis is always recommended fi rst. Conservative treatment 
of heel pain, in general, includes use of nonsteroidal anti-
infl ammatory agents, physical therapy, and avoidance of 
repetitive high-impact activities.8 If there is some associ-
ated Achilles tendon or plantar fascia disease present, a 
night splint may help relieve the acute pain many patients 
experience when they fi rst get up in the morning.

Conservative treatment of general heel pain also in-
cludes use of heel lifts and open-back shoes. A portion 
of the heel counter can be cut away and replaced with a 
soft leather insert to cause less friction at the site where 
the heel counter meets the skin. Shoes without laces are 
to be avoided because they inherently fi t close to the 
heel. Insertion of a heel cup in the shoe may help raise 
the infl amed region slightly above the restricting heel 
counter of the shoe. A heel cup also should be placed in 
the other shoe to avoid introducing leg length discrep-
ancy. Pressure-off silicone sheet pads can be used long 
term when shoes with counters are worn. Custom or-
thotics are prescribed for those who have underlying 
structural abnormalities causing the symptoms.

Rehabilitation
The rehabilitation of bursitis is described in Table 74-7.

The patient is allowed weight bearing as tolerated and 
should be instructed to elevate the foot when not walk-
ing. If the patient has had surgery, the dressing is re-
moved 3 days postoperatively, and the patient is al-
lowed to shower. The patient is encouraged to perform 
active range of motion exercises at least three times a 
day for 10 minutes each time. The patient is allowed to 
wear regular shoes as soon as this is tolerated.

Physical therapy is used to teach stretching exercises of 
the Achilles tendon and plantar fascia to preserve 
range of motion. This gradual progressive stretching of 
the Achilles tendon may help relieve impingement on 
the subtendinous bursa. Stretching of the Achilles ten-
don can be performed in the following manner: place 

TABLE 74-5  Bursitis—Radiographic Findings

Type of Bursitis Radiographic Findings

Malleolar Diagnosis is essentially clinical, and further evaluation is not required.

Retrocalcaneal Magnetic resonance imaging shows a bursal fl uid collection with low signal intensity on T1-weighted images and 
high signal intensity on T2-weighted and STIR images. 

A bursa larger than 1 mm anteroposteriorly, 7 mm craniocaudally, or 11 mm transversely is considered abnormal.14

Retroachilles Diagnosis is essentially clinical, and further evaluation is not required. 
It may be discovered incidentally at magnetic resonance imaging performed to evaluate other heel injuries. Its 

appearance is similar to that of retrocalcaneal bursitis and consists of a bursal fl uid collection just posterior to 
the distal Achilles tendon.

Metatarsal Magnetic resonance imaging shows a well-defi ned fl uid collection at a pressure point and demonstrates low signal 
intensity on T1-weighted images and high signal intensity on T2-weighted and STIR images. Small fl uid collections 
with a transverse diameter of 3 mm or less in the fi rst three intermetatarsal bursae may be physiologic. Peripheral 
enhancement is with gadopentetate dimeglumine.15

TREATMENT
The treatment of bursitis is summarized in Table 74-6.

Differential Diagnosis

Metatarsal Bursitis
Trauma

Freiberg infarction

Infection

Arthritis

Tendon disorders

Non-neoplastic masses

Neoplasms

Ankle or Heel Bursitis
Achilles tendinitis

Calcaneus stress fracture

Rheumatoid arthritis

Gout

Seronegative spondyloarthropathies

Sural neuritis

Ch74_415-420-X4007.indd 418Ch74_415-420-X4007.indd   418 3/18/08 3:35:09 PM3/18/08   3:35:09 PM



Foot  and Ank le  Burs i t is 419

the affected foot fl at on the fl oor and lean forward to-
ward the wall until a gentle stretch is felt within the 
ipsilateral Achilles tendon; maintain the stretch for 
20 to 60 seconds and then relax. These stretches 
should be performed with the knee extended and re-
peated with the knee fl exed. To maximize the benefi t 
of the stretching program, repeat for several stretches 
per set, several times per day. Avoid ballistic (abrupt, 
jerking) stretches.

Contrast baths and ice massage are also used in the 
acute management. Icing can be performed for 15 to 
20 minutes, several times a day, during the acute period.

The athlete may be expected to return to play without re-
strictions after demonstrating resolution of symptoms, 
resolution of physical examination fi ndings (e.g., limping, 

tenderness on palpation), and adequate performance of 
sports-specifi c practice drills without recurrence of symp-
toms or physical examination fi ndings.

Procedures
If the patient remains symptomatic or fi nds the bursa 
to be aesthetically displeasing, the bursa can be aspi-
rated and injected with a 1- to 2-mL solution of a 
corticosteroid, such as betamethasone. Many clinicians 
prefer not to repeat this injection more than once, re-
sulting in a maximum of two injections. This stems 
from the belief that the risk of tendon rupture is not 
worth the limited benefi ts offered by corticosteroid 
injection. However, tendon rupture is a known com-
plication when corticosteroids are injected directly 
into the tendon substance.9,10 There is no available 
evidence-based literature suggesting an association be-
tween corticosteroid injections of ankle bursae and 
Achilles tendon rupture.

Surgery
About 10% of patients with retrocalcaneal or supracal-
caneal bursitis do not respond to conservative treatment 
and seek a surgical solution. Open surgical techniques 
focus on resection of the posterosuperior portion of the 
calcaneus or performance of a calcaneal wedge osteot-
omy with or without débridement of diseased Achilles 
tendon. Endoscopic techniques provide visualization of 
the tendon-bone relationship with endoscopic inspec-
tion and allow precise débridement and evaluation for 
residual impingement. The smaller access allows easier 
closure and less extensive postoperative care. The small 
incision minimizes the potential for wound dehiscence, 
a painful scar, and nerve entrapment in scar tissue, and 
it provides a cosmetically superior result. The level of 
postoperative pain and the time to recovery are similar 
to those after the open procedure.

TABLE 74-6  Bursitis—Treatment

Type of Bursitis Treatment

Malleolar Boot modifi cation or change of footwear 
Doughnut-shaped cushion made to fi t over malleoli
Rest and activity modifi cation

Retrocalcaneal Rest and activity modifi cation (e.g., avoidance of running and walking up hills and stairs) 
Encourage athletes to change running shoes on a regular basis
Biomechanical control in the form of temporary heel lifts, tape immobilization, and, if abnormal pronation is 

present, custom foot orthotics
Slight heel elevation with a felt heel pad
A night splint to help keep the Achilles tendon and plantar fascia stretched to relieve acute morning pain and stiffness

Retroachilles Rest and activity modifi cation 
Heat application
Padding
Wearing a soft, nonrestrictive shoe without a counter (e.g., clogs, sandals)

Metatarsal Rest and activity modifi cation 
Protective padding
Assess for any underlying deformity or foot type with abnormal function

TABLE 74-7  Bursitis—Rehabilitation

Type of Bursitis Rehabilitation

Malleolar Physical therapy is usually not necessary 
unless joint range of motion is affected. 
Physical therapy is then necessary to 
maintain ankle range of motion.

Retrocalcaneal Physical therapy to teach stretching 
exercises of the Achilles tendon and 
plantar fascia

Ice can be applied for 15 to 20 minutes, 
several times a day, during the acute 
period. Some clinicians also advocate 
use of contrast baths.

Alternative means of maintaining strength 
and cardiovascular fi tness include 
swimming, water aerobics, and other 
aquatic exercises.

Retroachilles Physical therapy to teach stretching 
exercises of the Achilles tendon
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POTENTIAL DISEASE COMPLICATIONS
The primary disease complication is chronic bursitis 
with intractable pain that may limit footwear and 
joint mobility. Adhesive bursitis is another potential 
disease complication that may occur with chronic 
bursitis. In adhesive bursitis, two adjacent layers of 
the bursa may adhere and signifi cantly decrease joint 
range of motion.

The course of bursitis may also be complicated by infec-
tion. Septic bursitis occurs when a bursa becomes in-
fected. In this case, immediate surgical débridement and 
intravenous antibiotics are indicated. A Staphylococcus
aureus organism is most often responsible and should be 
treated with appropriate antibiotics.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications of open, endoscopic, and fl uoroscopic 
surgical procedures include skin breakdown, avulsion 
of the Achilles tendon, inadequate decompression with 
recurrent pain, sensitive and disfi guring scars, altered 
sensation, and stiffness. In one series, open treatment 
was associated with a 14% rate of infection, a 17% rate 
of wound breakdown, a 23% rate of scar tenderness, 
and a 38% rate of altered sensation.11

The role of corticosteroid injections in the treatment of 
retrocalcaneal bursitis is controversial. There have been 
numerous case reports of patients who have sustained a 
tendon rupture after peritendinous injections of corti-
costeroids for the treatment of tendinitis or tendinosis. 
Little has been reported, however, on retrocalcaneal in-
trabursal injections for the treatment of bursitis. Martin 
and associates12 investigated the mechanical properties 
and histologic changes in rabbit Achilles tendons after 
peritendinous steroid injection. They found that local 
injections of corticosteroid, both within the tendon 
substance and into the retrocalcaneal bursa, adversely 
affected the biomechanical properties of rabbit Achilles 
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tendons. Another animal study also showed adverse ef-
fects of local injections of corticosteroid (within the 
tendon substance and into the retrocalcaneal bursa) on 
the biomechanical properties of Achilles tendons.13

Prolonged immobilization may result in adhesions and 
subsequent joint stiffening.
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DEFINITION
Ankle sprain involves stretching or tearing of the liga-
ments of the ankle. According to O’Donoghue,1 there are 
three grades of ankle sprain as determined by the extent 
of ligamentous injury. This injury is a common cause of 
morbidity in the general population, and the ankle is the 
most commonly injured joint complex among athletes.2
Patients who play sports experience approximately one 
ankle sprain for every 1000 person-days of competition.3
It is estimated that more than 23,000 ankle sprains re-
quire medical care in the United States per day.4 Eighty-
fi ve percent of all ankle sprains occur on the lateral aspect 
of the ankle, involving the anterior talofi bular ligament 
and calcaneofi bular ligament (Fig. 75-1). Another 5% to 
10% are syndesmotic injuries or high ankle sprains, which 
involve a partial tear of the distal anterior tibiofi bular 
ligament. Identifi cation of syndesmotic sprains is impor-
tant; they may have a prolonged recovery compared with 
milder lateral ankle sprains and are more likely to require 
surgery. Only 5% of all ankle sprains involve the medial 
aspect of the ankle, as the strong medial deltoid ligament 
is quite resistant to tear. Most ankle sprains will recover 
during several weeks to months; only 20% to 40% result 
in chronic sequelae.5 An ankle sprain that does not heal 
may be caused by injuries to other structures and will 
necessitate further investigation for other causes.6

Ligamentous injuries are categorized into three 
gradations:

 ● Grade I is a partial tear without laxity and only 
mild edema.

 ● Grade II is a partial tear with mild laxity and 
moderate pain, tenderness, and instability.

 ● Grade III is a complete rupture resulting in con-
siderable swelling, increased pain, signifi cant lax-
ity, and often an unstable joint (Fig. 75-2).

Sprains and strains are the most common lower extrem-
ity injuries sustained during recreation. Patients aged 
5 to 24 years have the highest incidence of injuries. 
Overall, basketball is the most common activity during 
which sports- and recreation-related injuries occur.7
Female basketball players are 25% more likely than 
their male counterparts to suffer mild ankle sprains. 
However, there is no known increased risk for moderate 
to severe ankle sprain in female athletes.8 The prognosis 
is overall worse in younger patients, presumably be-
cause of resultant ligamentous laxity.9

SYMPTOMS
Acutely, the injured patient will report pain and tender-
ness over the injured ligaments. Some patients hear an 
initial “pop” at the time of injury. Initially, they may 
have diffi culty weight bearing on the injured ankle and 
with subsequent ambulation. Usually, the patient notes 
swelling around the area of injury and may report some 
ecchymosis after several days. Decreased function and 
range of motion along with instability are seen more 
often in grade II and grade III injuries. There may be 
sensory symptoms in the superfi cial or deep peroneal 
nerve territory.

PHYSICAL EXAMINATION
Inspection of the ankle will reveal edema and some-
times ecchymoses around the area of injury. Range of 
motion of the ankle joint may be limited by associated 
swelling and pain. Palpation should include the ante-
rior talofi bular and calcaneofi bular ligaments, syndes-
motic area, and medial deltoid ligament. In addition, 
the examiner should palpate the distal fi bula, medial 
malleolus, base of the fi fth metatarsal, cuboid, lateral 
process of the talus (snowboarder’s fracture), and epi-
physeal areas to assess for any potential fractures.10 Al-
though it is uncommon, ankle inversion injuries are 
associated with peroneal nerve injury and may result in 
sensory changes on the dorsum of the foot (superfi cial 
peroneal nerve) or the fi rst web space (deep peroneal 
nerve). Deep peroneal nerve injury could result in de-
creased strength in dorsifl exion and eversion.

Synonym
Inversion sprain

ICD-9 Code
845.00 Sprains and strains of the ankle and foot
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Ankle stability should be examined through a variety of 
tests and compared with the noninjured side to assess 
the amount of abnormal translation in the joint.11,12

The anterior drawer test of the ankle will assess the in-
tegrity of the anterior talofi bular ligament. It is per-
formed by plantar fl exing the ankle to approximately 
30 degrees and applying an anterior force to the calca-
neus while stabilizing the tibia with the other hand. 
Increased translation compared with the other side 

implies injury to the anterior talofi bular ligament. The 
talar tilt test (Fig. 75-3) is done with the ankle in neutral 
and assesses the integrity of the calcaneofi bular liga-
ment. The squeeze test (Fig. 75-4) is used to diagnose a 
syndesmotic injury. It is performed by squeezing the 
proximal fi bula and tibia at the midcalf and causes pain 
over the syndesmotic area. Similarly, the external rota-
tion stress test is performed by placing the ankle in a 
neutral position and externally rotating the tibia, lead-
ing to pain in the syndesmotic region. However, some 
cadaver studies have demonstrated poor correlation 
between clinical stress test results and the degree of liga-
mentous disruption.11,13

The patient should be examined for decreased range of 
motion, strength defi cits, or refl ex abnormalities, which 
could reveal concurrent injury. Reduced dorsifl exion 
range of motion may predispose the joint to an ankle 
sprain.14 Low lumbar radiculopathy can present with 
isolated ankle pain, although there will not be associ-
ated soft tissue edema with this condition. Although 
pes planus may predispose to stress fractures, there is no 
association of pes planus with increased incidence of 
ankle sprain.15

FUNCTIONAL LIMITATIONS
The patient may have diffi culty in walking secondary to 
pain and swelling. Proprioception and balance on the 
injured ankle will be abnormal as noted by greater dif-
fi culty with single-leg standing on the injured leg.16 The 
athlete will have diffi culty with return to play until 
swelling and pain have diminished and rehabilitation is 
nearly completed. Incomplete recovery or inadequate 
rehabilitation may predispose the patient to reinjury.17

Posterior
talofibular ligament

Calcaneofibular
ligament

Anterior
talofibular ligament

FIGURE 75-1. Ligaments of the lateral ankle.

FIGURE 75-2. Grade III ankle sprain with a complete tear of the anterior 
talofi bular ligament.
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Of note, the single-leg balance test can be helpful in 
predicting which athletes may sustain an ankle injury.18

Chronic ankle sprains can result in mechanical instabil-
ity, with objective instability or laxity noted on exami-
nation in all patients.19

DIAGNOSTIC STUDIES
Standard anteroposterior, mortise, and lateral radio-
graphs should be considered in cases in which there is 
tenderness over the lateral malleolus, ankle joint, syn-
desmosis, or other bony structure to rule out an under-
lying fracture.10 In addition, radiographs should be 
considered when the athlete is unable to bear weight 
immediately and on subsequent evaluation. At 4 to 
6 weeks, a slowly healing lateral ankle injury without 
signifi cant pain resolution or improvement should be 
evaluated radiographically if an initial radiograph was 
not obtained. A magnetic resonance imaging scan can 
help identify the soft tissue disease as well as evaluate 
the osteochondral joint surface when the ankle does not 
heal despite adequate rehabilitation. Stress radiographs 
are optional and have questionable reliability because 
of the great spectrum of normal.20

FIGURE 75-3. The talar tilt (inversion stress) test of the ankle.

Differential Diagnosis

High ankle sprain, syndesmotic sprain

Osteochondral fracture of the talar dome

Neurapraxia of the common, superfi cial, or deep 
peroneal nerve

Fracture of the lateral process of the talus 
(snowboarder’s fracture)

Avulsion or fracture of the tip of the fi bula

Fracture of the base of the fi fth metatarsal

Peroneal tendon injury

Subtalar joint instability12

Posterior impingement or fracture of the os trigonum

FIGURE 75-4. The squeeze test detects tears of the syndesmosis. The 
test result is positive when squeezing of the midcalf produces pain in the 
distal interosseous membrane and syndesmosis.
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TREATMENT

Initial
Protection, rest, ice, compression, and elevation (PRICE) 
are the mainstay of initial treatment and are introduced 
immediately. Crutches should be used if weight bearing 
causes pain; they can be discontinued as ambulatory 
pain declines (usually in 2 to 3 days). Grade III sprains 
may require longer use of assistive devices. The duration 
of disability with these sprains ranges from 41⁄2 to 
26 weeks.21 Patients should be cautioned to avoid hang-
ing the ankle in a plantar fl exed position because it may 
stretch the injured anterior talofi bular ligament. Posi-
tioning in maximum dorsifl exion also minimizes resul-
tant joint effusion.22 Plastic removable walking cast 
boots or air splints are occasionally used in higher grade 
injuries until pain-free weight bearing is achieved. This 
can be weeks to months, depending on the extent of 
injury. Most patients have returned to prior activities by 
6 weeks but may prefer to use bracing for persistent dis-
ability. Regardless of severity of ankle sprain, patients 
with syndesmosis sprains are most likely to experience 
prolonged functional defi cit up to 6 months.23 The use 
of an air stirrup brace together with an elastic wrap has 
been shown to decrease the interval to preinjury func-
tion.24 Local ice applications for 20 to 30 minutes three 
or four times daily combined with compression imme-
diately after injury is effective in decreasing edema, pain, 
and dysfunction. Nonsteroidal anti-infl ammatory drugs 
are employed to decrease pain and infl ammation.25

Rehabilitation
Rehabilitation is aimed at minimizing swelling, decreas-
ing pain, and preventing chronic ankle problems. Various 
modalities, such as ultrasound and electrical stimulation, 
are used as needed during the rehabilitative phase to 
decrease pain and edema starting 24 to 48 hours after 
injury. Achilles stretching is begun to avoid disuse con-
tracture. Active range of motion is initially performed 
without resistance. Dorsifl exion and eversion strengthen-
ing can be started with static exercises and progress to 
concentric and eccentric exercises with tubing when the 
patient tolerates pain-free weight bearing. These muscles 
are responsible for actively resisting an inversion–plantar 
fl exion injury.24 Double-leg toe raises should progress to 
single-leg and can be done in water if they are not toler-
ated on land. Endurance and lower extremity strengthen-
ing are incorporated and increased as functional exercises 
are begun. Proprioception training can start in a seated 
position and then advance to standing balance exercises. 
Standing exercises begin with single-leg stance while 
swinging the raised leg. Then, single-leg squats are re-
quired. Finally, exercises progress to single-leg stance and 
functional or sport-specifi c activity, such as dribbling, 
catching, or kicking. Poor proprioception is a major 
cause of repeated sprain and chronic functional instabil-
ity.18,26,27 In athletes, when forward running is pain free, 
agility drills that mimic their sport or activity are added. 
Skipping rope may be benefi cial in the later stages of re-
habilitation. There is evidence that patients with chronic 

ankle instability have decreased hip abduction strength.28

In general, functional skills that gradually stress the lower 
extremity will be added as strength and range of motion 
are obtained and balance is improved.

The use of orthotic bracing is somewhat controversial. 
Bracing and taping may decrease recurrent injury rates 
in the previously injured ankle, but they have not 
been shown to be effective in athletes without a prior 
injury.29,30 A study suggests that treatment of fi rst-time 
grade I and grade II ankle ligament sprains with the 
air stirrup brace combined with an elastic wrap pro-
vides earlier return to preinjury function than with 
use of the air stirrup brace alone, an elastic wrap 
alone, or a walking cast for 10 days.24 Bracing and 
proprioception training along with peroneal muscle 
strengthening are strongly recommended to decrease 
reinjury. These may play a benefi cial role in prevent-
ing fi rst-time injuries as well.

Orthotic shoe inserts, with the exception of ankle 
braces, do not have a role in preventing ankle sprain.15

Athletes should purchase new competitive footwear 
every 12 months or 500 miles. The main function of 
ankle braces is to restrict inversion.31 Consequently, 
shoes with a raised heel counter may predispose to 
ankle sprain as they place the foot in increased plantar 
fl exion and inversion during ambulation. Heat and 
contrast baths have been shown to increase ankle 
edema after acute injury and should be avoided 
acutely.32 As such, cryotherapy should be the standard 
of care for these injuries.

Procedures
Procedures are generally not done in ankle sprains.

Surgery
Surgery is rare for ankle sprains. Most grade III ankle 
sprains with complete tears of the anterior talofi bular 
ligament and instability are not treated surgically. If nec-
essary, surgical repair may be completed after the sports 
season and is usually successful. Reconstruction of the 
lateral ankle ligaments involves anatomic reconstruc-
tion of the ligament (modifi ed Brostrom) and tendon 
weaving through the fi bula (Watson-Jones, Chrisman-
Snook).33 The direct repair of the ligament, even years 
after the injury, can be highly successful.

On occasion, the patient with an ankle sprain that 
does not heal with proper time and rehabilitation may 
undergo arthroscopic evaluation for other sources of 
disease.

POTENTIAL DISEASE COMPLICATIONS
Recurrent sprains may lead to both mechanical (gross 
laxity) and functional (giving way) instability. The pa-
tient may present with undiagnosed secondary sources 
of pain, and these must be sought (see the section on 
differential diagnosis). Chronic intractable pain is an-
other potential complication.
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POTENTIAL TREATMENT 
COMPLICATIONS
Lack of recognition of and the prevalence of subacute 
sequelae in ankle sprains may lead to undertreatment 
and subsequent chronic pain or instability. Nonsteroi-
dal anti-infl ammatory drugs may cause gastric, hepatic, 
or renal complications. Return to work, sport, or activity 
before adequate healing and rehabilitation may result 
in chronic pain and giving way (functional instability) 
and gross laxity (mechanical instability). As noted, the 
heat and contrast baths should be avoided during the 
acute stage of injury as these modalities could promote 
swelling and bleeding.
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BUNION

DEFINITION
The term bunion stems from the Latin word bunio,
which means “turnip,” an image suggestive of an ap-
parent growth or enlargement around the joint. The 
medical term for this is hallux valgus. Hallux valgus is 
a common deformity of the forefoot and the most 
common deformity of the fi rst metatarsophalangeal 
joint (MTP), often causing pain (Figs. 76-1 and 76-2). 
The pathophysiologic process stems from both the 
proximal phalanx and the metatarsal. The proximal 
phalanx deviates laterally on the head of the fi rst meta-
tarsal, exacerbated by the pull of the adductor hallucis 
muscle. The lateral capsule becomes contracted, and 
the medial structures are attenuated. The metatarsal 
deviates medially, but the underlying sesamoids re-
main in their relationship to the second metatarsal, 
thus creating dissociation of the metatarsal-sesamoid 
complex. As these two processes occur together, the 
pull of the abductor hallucis moves more plantarly and 
the pull of the extensor tendon moves laterally, causing 
pronation and further lateral deviation of the great toe, 
respectively. As the metatarsal head becomes more un-
covered, a prominent medial eminence or bunion is 
apparent. There is a bursa between the metatarsal head 
and the skin that may become infl amed and painful. 
Depending on the amount of axial rotation of the fi rst 
metatarsal and pronation of the toe, the fi rst ray be-
comes dysfunctional, leading to increased weight bear-
ing on the more lateral metatarsal heads and “transfer 

metatarsalgia,” causing pain under the plantar aspect of 
the forefoot.1

The etiology of hallux valgus is multifactorial and can be 
either intrinsic or extrinsic.2 The intrinsic causes are essen-
tially genetic and are related to hypermobility of the fi rst 
ray (hallux metatarsal) at its articulation with the medial 
cuneiform. Ligamentous laxity (e.g., Marfan syndrome, 
Ehlers-Danlos syndrome) can lead to this deformity as 
well as to variations in the shape of the metatarsal head 
(i.e., a rounder head is less stable than a fl at one). Another 
contributing factor is metatarsus primus varus, or medial 
deviation of the fi rst metatarsal, which is thought to be 
associated with a juvenile bunion.3 Pes planus and fi rst 
metatarsal length have also been evaluated for their con-
tribution to hallux valgus, but fi ndings were equivocal.4

The principal extrinsic cause is inappropriate, noncon-
forming footwear, with abnormal valgus forces creating 
deformity.5 This is particularly notable in women who 
wear high-heeled shoes with narrow toe boxes. The ra-
tio of hallux valgus between women and men has been 
reported to be 15:1.6

SYMPTOMS
Presenting symptoms can vary. The patient may com-
plain only of a painless prominent medial eminence. 
However, more commonly, there will be pain that is 
worse when constrictive shoes are worn and relieved by 
walking barefoot or with open-toed shoes. If there is 
signifi cant arthritis, patients may have pain throughout 
range of motion of the MTP joint while walking. The 
bunion may become red and infl amed as the bursa en-
larges and overlying skin becomes abraded by the shoe. 
The patient will have diffi culty fi nding comfortable 
shoes. As the hallux deviates into increased valgus, it 
tends to impinge on the medial aspect of the pulp of the 
second toe, causing pressure and soreness.7

PHYSICAL EXAMINATION
There is generally an obvious medial enlargement over-
lying the metatarsal head, with occasional signs of 
infl ammation (bursitis). The great toe will be laterally 

Synonyms
Hallux valgus
Lateral deviation of the great toe

ICD-9 Codes
727.1 Bunion
735.0 Hallux valgus (acquired)
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deviated, and with progression of deformity, it will be 
pronated (axially rotated). There may be splaying of the 
forefoot and callosities visible under the metatarsal 
heads of the lesser toes. Passive extension of the hallux 
MTP joint will reveal any limitation of range of motion 
(normally approximately 70 degrees). This may indicate 
concomitant degenerative joint disease of the MTP joint. 
Mobility of the hallux at the fi rst metatarsal-medial 
cuneiform joint is assessed in relation to the second ray. 

Hammer toes are commonly noted as a consequence of 
the crowding in the shoe by the great toe.

FUNCTIONAL LIMITATIONS
Limitations are principally in walking long distances 
and wearing shoes with a narrow toe box or high heels 
for prolonged periods. As hallux valgus progresses, ar-
thritis may become a component and lead to stiffness 
and pain with any activity (biking, hiking, walking short 
distances, or even standing).

DIAGNOSTIC STUDIES
Weight-bearing plain radiographs will provide most of 
the necessary information. The anteroposterior view 
(Fig. 76-3) demonstrates the angle (Fig. 76-4) between 
the fi rst and second metatarsals (intermetatarsal angle). 
The congruency of the fi rst MTP joint can also be as-
sessed for any evidence of arthritis. These all have a 
bearing on any proposed surgery.8,9

TREATMENT
Initial
Nonsteroidal anti-infl ammatory medications and anal-
gesics may be used to alleviate pain. However, key mea-
sures include education about footwear, namely, shoes 
with low heels, well-cushioned soles, extra depth, and 
broad toe boxes. Many orthoses are available of varying 
effi cacy. These include sponge wedges to be placed in 
the fi rst web space, more formal braces that attempt to 
pull the hallux into a more neutral position, and cus-
tom-molded orthotic appliances to resist foot prona-
tion and to encourage larger shoes. A study showed 
promising results of a total-contact insole with a fi xed 
toe separator that improved pain, walking ability, and 
the radiographic hallux valgus angle in patients with 
painful hallux valgus treated nonoperatively.10

Rehabilitation
Once the structural deformity has progressed, physical 
therapy has a limited role. This includes mobilization of 
the fi rst MTP joint and strengthening of the intrinsic 
muscles of the foot, which may improve symptoms. 
Distraction techniques like varus stretching or toe spac-
ers may also be useful.

Bunion

FIGURE 76-1. Anatomy of a bunion.

FIGURE 76-2. Clinical photograph demonstrating a bunion or hallux 
valgus deformity. Note also the pronation of the digit.

Differential Diagnosis

Gout

Hallux rigidus

Rheumatoid arthritis

Infection
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Procedures
Local anesthetic and steroid injection into the fi rst MTP 
joint may provide short-term pain relief but is certainly 
not curative and generally not recommended.

Surgery
After conservative management has failed, surgery is a 
consideration. Over the years, a vast array of different sur-
gical procedures have been described.3,11 Furthermore, no 
single procedure has provided suffi cient evidence of being 
superior to any other. The complication and recurrence 
rates can be relatively high, and satisfaction of the patient 
is diffi cult to achieve. A study reported that the desired 
outcome of surgery for patients is threefold: a painless 
great toe that “when wearing conventional shoes, gives no 
problems,” an improvement in the bursitis and appear-
ance of the bunion, and the ability to walk as much as they 
wish.12 These are not unreasonable goals, but it is very 
important to counsel patients preoperatively, explaining 
the complications and that there are no guarantees they 
will be able to return to wearing high-heeled fashionable 
footwear.13 The principal goals of surgery are to relieve 
pain and to provide a foot capable of wearing a shoe.

The type of surgery, whether it is a distal soft tissue pro-
cedure14 combined with a proximal metatarsal osteot-
omy, a distal osteotomy alone, or even an MTP arthro-
desis, depends on the presenting anatomic deformity 
and its complexity.

POTENTIAL DISEASE COMPLICATIONS
Disease complications include ulceration of the medial 
eminence, metatarsalgia, callosities, hammer toe defor-
mity, and stress fractures of the lesser toes.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly af-
fect the gastric, hepatic, and renal systems. Treatment 
can result in recurrent hallux valgus deformity, hallux 
varus from surgical overcorrection,15 and hallux exten-
sus (cock-up toe). Procedures in which the fi rst meta-
tarsal is excessively shortened may result in transfer 
metatarsalgia. Osteonecrosis of the fi rst metatarsal head 
can occur if the blood supply is disrupted signifi cantly. 
Nonunion can occur with the osteotomies and MTP 
arthrodesis.

BUNIONETTE

DEFINITION
A bunionette is similar to a bunion as a painful 
bone prominence of a metatarsal head and overlying 
bursa, but it involves the fi fth metatarsal. The fi fth 

Hallux valgus angle
(normal < 15°)

I–II Intermetatarsal
angle (normal < 9°)

FIGURE 76-4. The hallux valgus angle and the intermetatarsal angle are 
measured from the patient’s standing anteroposterior radiograph.

FIGURE 76-3. Standing anteroposterior radiograph of both feet in a 
patient with bilateral hallux valgus. This is more pronounced on the left. 
Note also the lateral deviation of the sesamoid bones.
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metatarsal deviates laterally and the fi fth toe medi-
ally. It has also been called a tailor’s bunion as a 
cross-legged sitting position, often associated with a 
tailor, can cause pressure over the fi fth toe and poten-
tially encourage this deformity. Like the bunion, a 
bunionette has a high association with constrictive 
shoes and is much more common in women than in 
men (4:1).4

SYMPTOMS
Patients may be asymptomatic or complain of irritation 
over the lateral eminence with tight or stiff shoe wear. 
Typically, when they wear open shoes without pressure 
over the bunionette, they have no discomfort. However, 
they occasionally have an infl amed bursa that is acutely 
painful and red. If patients adjust their shoe wear, the 
pain can resolve.

PHYSICAL EXAMINATION
A prominent fi fth metatarsal head with a widened ap-
pearance of the forefoot is often seen. Patients may de-
velop lateral or plantar callosities over the bone promi-
nence. Hallux valgus may be a concomitant fi nding, and 
the foot is considered a “splay foot” if both diagnoses 
are present.4

FUNCTIONAL LIMITATIONS
Patients typically have pain with restrictive shoe wear 
that is improved or absent when they are barefoot or 
wearing open shoes, like fl ip-fl ops, that do not put 
pressure over the fi fth metatarsal head. Their walking 
tolerance may be affected when inappropriate shoes 
are worn.

DIAGNOSTIC STUDIES
Three radiographic views of the foot are obtained: an-
teroposterior, lateral, and oblique. Anatomic differences 
that can be appreciated radiographically may infl uence 
the surgical approach. These are of three types: type I, an 
enlarged fi fth metatarsal head; type II, an abnormal 
lateral bowing of the fi fth metatarsal shaft; and type III, 
a wide intermetatarsal 4-5 angle.

TREATMENT
Initial
Addressing the constrictive shoe wear is the fi rst ap-
proach. Wide, extra-depth shoes or tennis shoes may 
help decrease the irritation and bursitis. On occasion, 
pronation can exacerbate the pressure of the lateral 
eminence against the shoe, and an orthotic can 
unload or change the position enough to relieve this. 
Patients may also take their leather shoes to a shoe-
maker, who can create a focal stretch over the pressure 
area of the shoe.

Procedures
If a callus develops, it may be débrided, or patients can 
be advised to use a pumice stone after daily showers to 
gently buff the hypertrophic tissue that accumulates 
laterally or plantarly. Because the discomfort from the 
bunionette is a pressure phenomenon, injections are 
not helpful. The bursitis that occasionally accompanies 
this deformity will improve with appropriate shoe wear 
and keeping the callus thin.

Surgery
More than 20 different surgical procedures have been 
described for the correction of a bunionette defor-
mity. These include lateral condylectomy or distal 
osteotomy for type I, midshaft or distal oblique 
osteotomy for type II, and proximal osteotomy for 
type III.4

POTENTIAL DISEASE COMPLICATIONS
Ulcerations and callosities may develop if patients con-
tinue to wear restrictive shoes.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment can result in recurrence of deformity, par-
ticularly with an isolated lateral condylectomy; fl ail 
toe with metatarsal head resection; malunion or 
nonunion of osteotomies; and vascular compromise 
leading to osteonecrosis, particularly with proximal 
osteotomies.
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DEFINITION
Chronic ankle instability is a condition characterized by 
a constellation of symptoms (typically including pain, 
weakness, and a feeling that the ankle episodically gives 
way) that persist after an acute lateral ankle sprain. Al-
though chronic ankle instability may occur after a single 
ankle sprain, it is more commonly a sequela of repeated 
sprains. It has been reported to occur in up to 40% of 
individuals with a history of ankle sprain and as late as 
61⁄2 years after an initial injury.1 Anatomic lateral ankle 
ligament laxity (mechanical instability), peroneal mus-
cle weakness, and ankle proprioceptive defi cits are three 
primary factors classically thought to cause and to per-
petuate symptoms. Arthrogenic muscle inhibition of 
the peroneal and soleus muscles has also been impli-
cated as a possible contributing factor.2 These causative 
factors may coexist with other pathologic processes of 
the ankle (such as those listed in the differential diagno-
sis section), which may serve to amplify and to perpetu-
ate symptoms of functional instability. The establish-
ment of additional diagnoses does not preclude a 
diagnosis of chronic ankle instability.

SYMPTOMS
Usual symptoms are ankle pain, swelling around the 
lateral malleolus, weakness of the ankle evertors, and a 
feeling that the ankle is episodically unstable. The term 
functional instability describes the subjective sensation of 
“giving way” that often persists after ankle sprains.3
Functional instability may occur in the absence of true 
mechanical ligament laxity and vice versa. Symptoms 
can continue for months or years after the original in-
jury, range from mild to severe, and often are mani-
fested as recurrent acute lateral ankle sprains.

PHYSICAL EXAMINATION
Objective fi ndings are variable and can often be mini-
mal. Potential examination fi ndings in patients with 
chronic ankle instability may include reduced passive 
or active ankle range of motion, lateral ankle swelling, 
ecchymosis, lateral ankle tenderness (typically over the 
lateral ligament complex or peroneal tendons), weak-
ness of the peroneal muscles, proprioceptive defi cits 
(manifested by decreased ability to perform a single-
leg stance), and mechanical laxity (demonstrated by 
increased motion on anterior drawer or talar tilt test 
compared with the contralateral ankle). Abnormal 
alignment, such as calcaneal varus, calcaneal valgus, 
or pes planus, may be evident. A limp may also be 
observed. Examination of the affected ankle should 
always be compared with the contralateral unaffected 
ankle.

Findings of the neurologic examination, including sen-
sation and deep tendon refl exes, are commonly normal. 
Results of manual muscle testing should also be nor-
mal, with the exception of muscles surrounding the 
ankle that may exhibit weakness from disuse or because 
of pain.

FUNCTIONAL LIMITATIONS
Affected persons may have diffi culty participating in 
sports, particularly high-demand sports that require 
quick starts and stops, cutting, and jumping (such as 
soccer, football, and basketball) as well as sports that 
involve a lot of lateral movement (such as tennis). 
When symptoms are severe, limitations can include dif-
fi culty with climbing steps, ambulation, and activities 
that require prolonged standing.

DIAGNOSTIC STUDIES
Diagnosis is made by confi rming a history of prior sprain 
with subsequent development of typical symptoms of 
functional instability in conjunction with consistent ex-
amination fi ndings. Adjunctive diagnostic testing can be 
helpful in establishing the diagnosis, particularly by 
identifying pathologic changes and conditions that may 
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Synonym
Weak ankle

ICD-9 Codes
718.87 Ankle-foot instability
719.47 Pain in joint; foot and ankle
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produce similar symptoms. Testing that may be useful 
when the diagnosis of chronic ankle instability is being 
considered includes routine radiography, stress radiogra-
phy, computed tomography, bone scan, magnetic reso-
nance imaging, ankle arthrography, and magnetic reso-
nance arthrography.

Routine radiographs are useful to rule out old or 
chronic fractures (most commonly of the fi bula, tibia, 
talus, and fi fth metatarsal), to assess the integrity of 
the ankle mortise, and to assess for ankle arthritis. A 
routine radiographic series should include anteropos-
terior, lateral, and mortise views. Widening of the an-
kle mortise may indicate a syndesmotic disruption or 
signifi cant deltoid ligament tear. Radiographs should 
be obtained in all cases with a history of signifi cant 
trauma at initial injury.

Stress radiographs may be helpful in determining the 
presence of chronic mechanical instability. Although 
the routine use of stress radiographs remains controver-
sial, a fi nding of more than 5 mm of anterior displace-
ment of the talus during anterior drawer testing is typi-
cally considered to be abnormal.4 Inversion stress 
radiographs are considered abnormal with a fi nding of 
more than 5 degrees of side-to-side difference in tibio-
talar tilt.4 However, a review found the published data 
regarding stress radiographs too variable to determine 
accepted normal values for acute and chronic sprains.5
The sensitivity of stress radiographs in diagnosis of 
chronic lateral ligament tears (surgically confi rmed) is 
low, although specifi city is high.5

Computed tomography can identify subtle talus frac-
tures and other bone disease, such as tumors. Bone 
scans are particularly helpful in identifying stress frac-
tures and can be a useful screening tool to evaluate for 
ongoing ankle disease, such as signifi cant arthritis, in-
fection, tumors, and refl ex sympathetic dystrophy. 
Magnetic resonance imaging and magnetic resonance 
arthrography generally give the most information 
about soft tissue injury, although they also can be 
helpful in identifying fractures (such as osteochondral 
fractures), tumors, and chronic infections. Magnetic 
resonance imaging and magnetic resonance arthrogra-
phy both have high specifi city for identifi cation of 
chronic ligament tears, but magnetic resonance ar-
thrography has higher sensitivity.6 The appropriate 
timing of advanced imaging is variable; it is typically 
governed by the clinical suspicion of further injury or 
pathologic change not evident on routine radiographs 
or persistent symptoms despite appropriate treatment. 
Figures 77-1 and 77-2 demonstrate anterior talofi bular 
and calcaneofi bular ligament tears as observed with 
ankle arthrography.

TREATMENT
Initial
The initial treatment regimen depends, in part, on 
symptom acuity and whether a recent sprain has oc-
curred. Initial treatment options include ice massage, 

FIGURE 77-1. Ankle arthrogram. Anteroposterior view after ankle injec-
tion demonstrates extravasation laterally (arrow) resulting from anterior 
talofi bular ligament tear. There is no fi lling of the peroneal tendon 
sheath. (Reprinted with permission from Berquist TH. Radiology of the 
Foot and Ankle, 2nd ed. Philadelphia, Lippincott Williams & Wilkins, 2000. 
© Mayo Foundation, 2000.)

FIGURE 77-2. Ankle arthrogram. Anteroposterior view taken during ankle 
injection demonstrates fi lling of the peroneal tendon sheaths (arrow) re-
sulting from calcaneofi bular ligament disruption. (Reprinted with permis-
sion from Berquist TH. Radiology of the Foot and Ankle, 2nd ed. Philadelphia, 
Lippincott Williams & Wilkins, 2000. © Mayo Foundation, 2000.)

compression, elevation, taping or bracing, and non-
steroidal anti-infl ammatory drugs or analgesics. The 
goal with bracing at this juncture is to prevent recurrent 
sprains and further tissue trauma. Comprehensive lit-
erature reviews indeed validate the use of ankle sup-
ports to prevent reinjury.7,8 Many patients can success-
fully be weaned from the brace after rehabilitation. 
However, high-demand athletes may choose to brace or 
to tape during athletic participation indefi nitely. High-
top sneakers may help reduce symptoms as well.
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A thin lateral heel wedge will put the ankle in slight 
valgus alignment and potentially diminish symptoms 
of instability and the tendency for spontaneous ankle 
inversion with activity. This can be considered in pa-
tients with normal alignment for short-term symptom 
management. Eventually, restoration of neutral foot 
and ankle alignment should be pursued through or-
thotic prescription. A three-quarter-length rigid medial 
longitudinal arch support is recommended in patients 
with pes planus. In patients with varus or valgus align-
ment of the ankle, wearing of a shoe that has a fi rm heel 
counter is recommended.

Rehabilitation
Rehabilitation fi rst starts by normalizing ankle range of 
motion, with primary emphasis on restoring ankle dor-
sifl exion and eversion. This typically includes Achilles 
tendon stretching with the knee straight (to stretch the 
gastrocnemius) and fl exed 30 degrees (to stretch the 
soleus) as well as eversion (posterior tibialis) stretching. 
Care must be taken to avoid recurrent inversion stress to 
the ankle, which can perpetuate lateral capsuloligamen-
tous laxity.

As symptoms allow, the patient begins an ankle group 
strengthening program with an emphasis on ankle evertor 
strengthening. Resistance exercises can begin when there 
is no pain through the available range of motion, with full 
weight bearing.9 The rehabilitation program may start 
with low-level strengthening, such as submaximal static 
exercises, and progress in a pain-free fashion to dynamic 
and isokinetic strengthening. Typically, a combination of 
open and closed kinetic chain strengthening is employed 
in the rehabilitation process.10 Open kinetic chain exer-
cises include the use of ankle weights and resistance tub-
ing. Closed kinetic chain exercises are more functionally 
based; the foot is planted on the ground, and the patient 
engages in an activity that requires the activation of an-
tagonistic muscles that stabilize the ankle. Because eccen-
tric muscle contractions place the greatest force on the 
muscle, this mode of strengthening should be reserved for 
the fi nal stages of the rehabilitation program.

Balance challenge and proprioceptive exercises are an 
important part of chronic ankle instability rehabilita-
tion and have been found to decrease symptoms of 
functional instability as well as to reduce the rate of re-
injury.11,12 Ankle disks or wobble boards are devices that 
facilitate proprioceptive training. These exercises can be 
started without specialized equipment by having the 
patient perform a single-leg stance on the affected ankle; 
the skill level is then increased by having the patient 
close the eyes or stand on a pillow.

Functional exercises and sport-specifi c drills can begin 
when the patient has full range of motion, no pain, and 
at least 85% peroneal strength compared with the con-
tralateral ankle.13 These exercises add progressively dif-
fi cult challenges and facilitate the attainment of dy-
namic strength and balance. Examples of these exercises 
are jogging, running, double-leg jumping, single-leg 
hopping, skipping rope, fi gure-eight drills, lateral cut-
ting drills, and plyometrics. Patients should start at a 
low level of intensity and progress with increased inten-
sity and diffi culty only if they remain pain free while 
performing the exercise and have no pain or swelling 
after the training session.

Adjunctive modalities may be helpful throughout the 
rehabilitation process. These may include regular ice ap-
plication (ice massage, ice pack, ankle Cryo/Cuff) after 
therapy sessions or heat application (superfi cial heat or 
ultrasound) to facilitate range of motion of a stiff joint. 
Electrical stimulation may be helpful for pain and 
edema control.

Procedures
Corticosteroid injections around the ankle ligaments 
are not advised and may further weaken the ligaments, 
accelerating mechanical instability. Prolotherapy, the 
injection of an irritant solution around the capsulo-
ligamentous structures of the ankle, can be considered. 
The injectate (typically a low-concentration dextrose 
solution or a combination of phenol, glycerin, and 
glucose) acts as a local tissue irritant and activates the 
infl ammatory cascade.14 Given its mechanism of ac-
tion, it can sometimes be a painful treatment. The 
purported result of this treatment is ligament and cap-
sular hypertrophy causing reduction in laxity and 
thereby decreased pain.14 Although no randomized 
controls or large case series exist for the use of prolo-
therapy as a treatment of chronic ankle instability, 
it has been used for the treatment of knee pain due 
to osteoarthritis and knee laxity with promising 
results.15

Surgery
Surgery should be considered for patients who sustain 
recurrent lateral ankle sprains or exhibit signifi cant 
symptoms of functional instability despite appropriate 
rehabilitation interventions. The goal of surgery is to 
restore mechanical stability to the ankle and thereby 
signifi cantly reduce or eliminate chronic symptoms of 
instability. Late ankle reconstruction for chronic lateral 

Differential Diagnosis

Peroneal tendinopathy: subluxation, tear, chronic 
tendinitis

Ankle impingement syndrome

Sinus tarsi syndrome

Subtalar instability

Sprain: midfoot, subtalar

Fracture: distal tibia-fi bula, talar, osteochondral, stress 
fracture, fi fth metatarsal, physeal

Arthropathy: degenerative, infl ammatory, crystalline, 
infectious
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instability is successful in approximately 85% of pa-
tients, regardless of the type of surgical procedure per-
formed.16 Primary anatomic repair of the anterior talo-
fi bular and calcaneofi bular ligaments is the preferred 
method of ankle ligament reconstruction.16 However, in 
cases in which there is excessive joint laxity or insuffi -
cient capsular tissue is available, reconstructions such as 
the Chrisman-Snook procedure with use of the split 
peroneal brevis tendon, the semitendinosus, or an al-
lograft may be preferred.16-18 If the patient has signifi -
cant varus predisposing to ankle instability, a Dwyer 
calcaneal closing wedge or lateral calcaneal slide may be 
appropriate.

POTENTIAL DISEASE COMPLICATIONS
Potential long-term sequelae of chronic ankle instabil-
ity include the development of ankle impingement 
syndrome; chronic peroneal tendinopathy or sublux-
ation; tibiotalar osteochondral injury; degenerative ar-
thritis; superfi cial peroneal neuropathy; and chronic 
pain syndromes, such as complex regional pain syn-
drome type I (refl ex sympathetic dystrophy).

POTENTIAL TREATMENT 
COMPLICATIONS
Potential treatment complications include frostbite 
from overly aggressive use of ice; exacerbation of edema 
from inappropriate ankle taping, wrapping, or bracing; 
and pain exacerbation or reinjury during physical ther-
apy. Analgesics and nonsteroidal anti-infl ammatory 
drugs have well-known side effects that most commonly 
affect the gastric, hepatic, and renal systems. Surgical 
complications include failed repair, wound or bone in-
fection, loss of ankle range of motion from an aggres-
sive reconstruction, and persistent ankle pain despite 
appropriate rehabilitation or surgical repair or recon-
struction.
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DEFINITION
Claw toe is defi ned as hyperextension of the metatarso-
phalangeal (MTP) joint and fl exion of the proximal in-
terphalangeal joint with or without fl exion of the distal 
interphalangeal joint (Fig. 78-1). This hyperextension at 
the MTP joint specifi cally differentiates this condition 
from hammer toe and mallet toe.1 The deformity may 
affect any toe, and often all toes are involved.2 The term 
clawed hallux describes clawing of only the great toe 
while the lesser toes are unaffected.3 Claw toe can be 
either a fl exible deformity, in which the toes can be pas-
sively reduced to neutral position, or a fi xed deformity, 
in which there is contracture at any or all of the joints 
that cannot be passively corrected.2 Claw toe has been 
associated with a number of conditions in the medical 
literature, including diabetes mellitus,4 rheumatoid ar-
thritis,5 stroke,6,7 spinal cord injury,8 myelodysplasia,9
lipomeningocele,7 post-poliomyelitis syndrome,10 deep 
posterior compartment syndrome,11 ankle or tibial frac-
ture,12,13 ankle surgery,14 spasticity or contraction of the 
peroneus longus muscle, hereditary sensorimotor neu-
ropathy type I (Charcot-Marie-Tooth disease),7,15 intrin-
sic muscle weakness, paralysis of the lateral plantar 
nerve, congenital syphilis, peripheral vascular disease,3
idiopathic pes cavus, spina bifi da occulta, cerebral palsy, 
head injury, brain abscess, and tethered spinal cord.7,16

Although data are not readily available on incidence or 
prevalence of claw toe, one study by Badlissi and col-
leagues17 found that of 784 community-dwelling adults 
older than 65 years with foot disorders, 8.7% had claw 
toe deformity.

From a biomechanical standpoint, clawing of the toes 
results from the relative dominance of the extrinsic 
muscles of the foot over the intrinsic muscles, particularly 

the interossei. The dominant extrinsic muscles of the foot 
include the peroneus longus, extensor digitorum longus, 
extensor hallucis longus, and fl exor hallucis longus. This 
extrinsic overpowering may be due to increased extensor 
activity (e.g., peroneus longus spasticity), shortening of 
the extrinsic fl exor muscles (fl exor hallucis longus and 
fl exor digitorum longus; e.g., compartment syndrome), 
or intrinsic muscle weakness (e.g., motor neuron dis-
ease). Extrinsic fl exor shortening can be secondary to 
contracture after deep posterior compartment syndrome11

or tethering of the fl exor hallucis longus tendon (known 
as a checkrein deformity) after ankle-tibial trauma from 
fracture or surgery.12,14 With intrinsic muscle weakness, 
there is loss of the interossei, which act as fl exors at the 
MTP joint because they run plantar to the MTP axis of 
rotation. This results in unopposed extension at the MTP 
joints by the extensor digitorum longus and extensor hal-
lucis longus muscles as well as by the extensor hallucis 
brevis. Furthermore, in normal anatomy, when the MTP 
joints are in neutral position, the extrinsic extensors 
counterbalance fl exion at the interphalangeal joints 
by the fl exor hallucis longus and fl exor digitorum longus. 
However, once the MTP joint is hyperextended, the 
extensor muscles lose their excursion and become slack, 
resulting in unopposed fl exion of the proximal interpha-
langeal and distal interphalangeal joints by the long 
fl exors, creating the clawed deformity.2 Olson and associ-
ates3 quantitatively demonstrated by fresh-frozen human 
cadaver foot studies that with respect to clawed hallux, 
the peroneus longus contributed the most to increased 
plantar pressure under the fi rst metatarsal, and extensor 
hallucis longus and fl exor hallucis longus overpull con-
tributed the most to angular changes resulting in the 
hallux clawing itself. Hyperextension of the MTP joint 
causes plantar displacement of the metatarsal heads, pre-
disposing them to increased pressure during gait, which 
has been quantifi ed in biomechanical studies of patients 
with diabetic peripheral neuropathy.18,19

SYMPTOMS
Patients who are symptomatic usually complain of pain 
and callus formation on the dorsum of the proximal 
interphalangeal joint due to increased contact pressure 
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with footwear. Increased pressure at the metatarsal 
heads from marked dorsifl exion of the MTP joint can 
also cause callus formation and pain.20 This pain often 
causes diffi culty with wearing of shoes.21 Individuals 
with contracture or tethering of the extrinsic toe fl exors 
may complain of increased toe pain during dorsifl ex-
ion.11 Patients often do not complain of pain, how-
ever,17 and the deformity in these cases may present 
solely cosmetic issues.

PHYSICAL EXAMINATION
Inspection of the foot at rest reveals hyperextension of 
the MTP joint and increased fl exion of the proximal 
interphalangeal or distal interphalangeal joint. Single 
or multiple toes may be affected. Calluses, ulcerations, 
or other signs of skin irritation and breakdown may 
correlate with clinical symptoms of localized pain. 
Passive and active range of motion of each joint for 
each toe should be noted. Correction of the claw toe 
with passive ankle plantar fl exion indicates a fl exible 
as opposed to a fi xed deformity,11 which has important 
treatment implications. Testing of sensation and pro-
prioception in the lower extremities can detect possible 
neuropathy; manual muscle testing of the toe fl exors 
and extensors can reveal muscle imbalance and weak-
ness. A complete neuromuscular examination should 
be performed; the coexistence of other lower extremity 
problems, such as peripheral neuropathy, pes cavus, 
hammer toe, infl amed joints, or previous ankle trauma, 
may provide evidence for an underlying structural or 
neuromuscular cause.

FUNCTIONAL LIMITATIONS
The degree of limitation seems to depend on whether 
the claw toe deformity is causing pain. Various studies 
have shown that painful foot conditions cause increased 
diffi culty with walking, activities of daily living, and in-
strumental activities of daily living.22,23 However, Badlissi 
and colleagues17 reported that lesser toe deformities, in-
cluding claw toe, are generally not painful, and they 
concluded that hallux valgus, lesser digit deformities, 
and bunionette, when asymptomatic, may not be of 
great clinical importance.

DIAGNOSTIC STUDIES
Radiologic studies are not necessary for diagnosis. How-
ever, they can evaluate for potential osteomyelitis with 
advanced toe ulcerations and are important for surgical 
planning.7,21 Magnetic resonance imaging has been used 
to assess fat pad geometry at the submetatarsal heads in 
patients with diabetic peripheral neuropathy,24 but this 
is not done as part of a routine clinical workup.

Differential Diagnosis

Hammer toes

Mallet toes

Interdigital (Morton) neuroma

Nonspecifi c synovitis of the metatarsophalangeal joint

Triggering of the toes (lower limb analogue of trigger 
fi nger)

Fracture-dislocation of the toes

Hallux valgus

Plantar fasciitis

FIGURE 78-1. Diagrammatic representation of claw toe.

TREATMENT
Initial
Patients should be educated about proper shoe wear, foot 
care, and hygiene to minimize symptomatic callus and 
ulcer formation. High-heeled shoes and shoes with nar-
row or fl at toe boxes should be avoided.21 The clinician 
may prescribe shoes with extra-depth toe boxes to mini-
mize contact pressure at the joints. Alternatively, standard 
shoes can be modifi ed by cutting off the front of the soft 
insole just distal to the MTP joint. This maintains the 
cushioning for the metatarsal heads while providing in-
creased room for the clawed toes.25 Pressure-unloading 
and custom-molded orthotics can be used to reduce con-
tact pressure. Toe props have been shown to signifi cantly 
decrease pressure under the lesser toes and metatarsal 
heads by redistributing it to the area of the third toe sul-
cus.26 Bus and coworkers27 found that although custom-
made orthotic insoles were either moderately or very 
successful in reducing pressure at the fi rst metatarsal head 
in 14 of 21 feet, there was signifi cant variability among 
subjects, and they concluded that a comprehensive evalu-
ation including in-shoe pressure measurements should be 
done to design the most effective insole for patients with 
diabetic peripheral neuropathy. In addition, nonsteroidal 
anti-infl ammatory drugs can be used for management of 
pain and infl ammation.28

Rehabilitation
For mild cases of fl exible claw toe deformity, stretching of 
the ankle dorsifl exors and toes can help prevent fi xed joint 
contractures.21 After stretching, commercially available 
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straps or over-and-under taping can be applied to passively 
hold the toes in neutral position (Fig. 78-2).21,29 Strength-
ening of the intrinsic foot muscles through exercises such 
as towel rolling or picking up small objects (e.g., marbles) 
with the toes can maintain proper muscle balance.25

Procedures
Nonsurgical procedures are not typically done in treat-
ing claw toe. However, if synovitis develops, this may 
benefi t from corticosteroid injection.28

Surgery
Surgical correction should be considered only if conser-
vative measures are ineffective in improving symptoms 
or functional defi cits. Flexible and fi xed claw toe defor-
mities warrant different surgical approaches. For fl exible 
clawed hallux, the classic operation has been the Robert 
Jones procedure, which involves transfer of the extensor 
hallucis longus tendon to the neck of the fi rst metatarsal 
with release of the plantar fascia.30 An alternative tech-
nique entails the transfer of the fl exor hallucis longus 
tendon to the proximal phalanx of the great toe. 
Steensma and colleagues28 reported signifi cant improve-
ment in joint alignment, fi rst metatarsal head pain, and 
shoe comfort as well as good overall satisfaction of pa-
tients at an average follow-up time of 24 months for all 
six subjects with fl exible clawed hallux. A series by Kadel 
and associates7 described 19 patients with either fl exible 
or fi xed clawed hallux who underwent fl exor hallucis 
longus tendon transfer with or without arthrodesis. At 
an average of 51 months postoperatively, 13 patients 
were fully satisfi ed and six were somewhat satisfi ed with 
the overall result of the surgery. With clawing of the 
lesser toes, the Girdlestone fl exor tendon transfer, 
whereby the fl exor digitorum longus tendon is trans-
posed to the dorsal aspect of the proximal phalanx, 
provides increased plantar fl exion pull at the MTP 
joint.20 For patients with fl exible claw toes secondary to 
extrinsic muscle contracture from closed tibial fractures 

or deep posterior compartment syndromes, Feeney and 
colleagues11 reported promising results with lengthen-
ing of the fl exor digitorum longus or fl exor hallucis 
longus at a retromalleolar level. In their series of 
10 subjects, all reported adequate pain relief, ease of 
shoe fi tting, and improved gait with no recurrence 
of clawing at 12 to 20 months of follow-up.

For fi xed clawed hallux, a modifi ed Jones procedure, 
which incorporates fusion of the interphalangeal joint 
with temporary Kirschner wire fi xation in addition to 
the extensor hallucis longus tendon transfer, has been 
the traditional approach.7,30 One series reported cor-
rection of clawed hallux in 80 of 81 feet with an overall 
rate of satisfaction of patients of 86%.30 Another study 
found that the modifi ed Jones tendon transfer relieved 
overall symptoms in 90% of patients but cured pain at 
the fi rst metatarsal head in only 43%.16 Additional 
surgical management of fi xed claw toe deformities may 
include extensor hallucis longus and extensor digito-
rum longus lengthening, extensor hallucis brevis and 
extensor digitorum brevis tenotomy, MTP dorsal cap-
sulotomy, resection of the head and neck of the proxi-
mal phalanges, and plantar fascia release.2 More re-
cently, an arthroscopic technique has been developed 
in which the dorsal capsule of the MTP joint is re-
leased and the plantar plate is then anchored and su-
tured to the extensor digitorum longus tendon, thereby 
stabilizing the plantar plate and reducing the MTP 
joint.1 Postoperative care may include protected or no 
weight bearing for approximately 6 weeks,7,28 followed 
by temporary protective orthopedic shoes and physical 
therapy.30

POTENTIAL DISEASE COMPLICATIONS
Skin ulcerations at the plantar metatarsal heads and the 
dorsal proximal and distal interphalangeal joints can 
lead to infection and osteomyelitis,21 especially in pa-
tients with peripheral neuropathy. Interestingly, in a 
prospective study of 749 diabetic veterans, Boyko and 
colleagues4 found that hammer or claw toes were asso-
ciated with an increased relative risk of foot ulcers only 
in patients who did not report prior histories of foot or 
leg ulcers. Additional complications of claw toe defor-
mity include synovitis due to vertical instability of the 
involved joints28 and posteromedial middle-third tibial 
pain secondary to overactivity of the fl exor digitorum 
longus muscle.31

POTENTIAL TREATMENT 
COMPLICATIONS
Complications from use of nonsteroidal anti-
infl ammatory drugs include gastritis, gastrointestinal 
bleeding, renal toxicity, and platelet inhibition as 
well as the possible increased risk of cardiovascular 
events with cyclooxygenase 2 inhibitors.32 Adverse 
gastrointestinal events related to nonsteroidal anti-
infl ammatory drugs can be minimized with the use of 
a cyclooxygenase 2 inhibitor or concomitant use of a 

FIGURE 78-2. Over-and-under taping method for reducing fl exible claw 
toe deformity. (Reprinted with permission from Mercier LR. Practical 
Orthopedics, 5th ed. St. Louis, Mosby, 2000:215.)

½� Adhesive
tape (sticky

side up)

Ch78_437-440-X4007.indd 439Ch78_437-440-X4007.indd   439 3/17/08 6:20:13 PM3/17/08   6:20:13 PM



440 M U S C U L O S K E L E T A L  D I S O R D E R S :  F O O T  A N D  A N K L E

gastroprotective agent, such as a proton pump in-
hibitor or H2 blocker. Complications resulting from 
surgical correction include catching of the great toe 
when walking barefoot, metatarsalgia, hallux fl exus, 
hallux limitus, asymptomatic nonunion of the inter-
phalangeal joint, and recurrence of clawing.16,28,30,33
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DEFINITION
A corn is a circumscribed, focal thickening of epidermis 
composed of impacted, dead keratinocytes,1 usually lo-
cated over dorsally prominent digital interphalangeal 
joints of the foot. These cutaneous lesions form in re-
sponse to excessive and repetitive pressure or friction 
from shoe gear. They are usually hard and ovoid or cir-
cular with a polished or translucent center, like a kernel 
of corn (from which they take their name), and they 
may become painfully infl amed or ulcerated.2 They de-
velop as a normal protective response of the skin and 
become pathologic when the lesion grows so large as to 
become a source of symptoms.3

There are two general types of corns, hard and soft. He-
loma durum (hard corn), the most common (Fig. 79-1), 
develops dorsally over digital interphalangeal joints and 
distally on toes; it is caused primarily by toe deformity 
and may be accentuated by improper or ill-fi tting shoes. 
The second type (Fig. 79-2), known as heloma molle 
(soft corn), occurs primarily interdigitally and most 
commonly in the web space between toes four and fi ve; 
it is usually the result of wearing tight-fi tting shoes or 
excessive pressure from adjacent bone (phalangeal) ab-
normalities, including exostoses.4 Both of these lesions 
develop as the body attempts to protect the irritated skin 
by accumulation of the horny layer of the epithelium. 
This epithelial accumulation itself causes an additional 
prominence, which increases the local pressure in a tight 
shoe. Thus, a vicious circle is generated that may ulti-
mately lead to the keratin plug’s pressing into the dermis 
and causing pain.5

SYMPTOMS
Symptoms range from sharp, shooting pain to dull, ach-
ing soreness, aggravated by wearing closed shoe gear. If 
secondary ulceration develops, infection may ensue 
with subsequent local and systemic manifestations.

PHYSICAL EXAMINATION
On inspection, these cutaneous lesions are typically 
hard (or in the case of heloma molle, soft or macerated), 
with thickened skin and a yellowish or translucent nidus 
or center. In contrast to warts (verrucae), which are 
spongy in appearance with dark pinpoint areas (capil-
lary bleeding points) and typically painful with lateral 
compression, corns are more painful to direct pressure. 
Bones of the foot have many projections, especially on 
the condyles of the phalangeal heads or bases. Pressure 
and friction are generated on the skin overlying those 
bone projections, either from a tight shoe or from digital 
movement during walking. Corns are usually associated 
with digital deformities, including hammer toes, claw 
toes, and mallet toes, or combined interphalangeal joint 
deformities.6 Hammer toe or claw toe deformities may 
contribute to “retrograde” metatarsalgia, with plantarly 
prominent lesser metatarsal heads. Other forefoot defor-
mities associated with hammer toes include bunion and 
hallux valgus.

FUNCTIONAL LIMITATIONS
Corns can result in diffi culty walking (primarily in closed 
shoe gear), pain associated with running or athletic activi-
ties, and residual non–weight-bearing or nocturnal pain.

DIAGNOSTIC STUDIES
The diagnosis of a corn (or clavus) is made primarily on 
a clinical basis. However, plain radiographic analysis may 
be helpful in identifying underlying bone abnormality 
(e.g., exostosis), primary structural digital deformity (e.g., 
hammer toe), associated or contributing forefoot defor-
mities (e.g., hallux abductus and bunion), or in the case 
of ulceration with infection, evidence of osteomyelitis.

79Corns

Robert J. Scardina, DPM, and Sammy M. Lee, DPM

Synonyms
Clavus
Heloma
Helomata
Callosity
Callositas
Hyperkeratosis

ICD-9 Code
700 Corns and calluses
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TREATMENT
Initial
Conservative measures for symptomatic relief include ef-
forts to reduce or to eliminate direct friction or pressure at 
the involved site by use of various padding or shielding 
methods (e.g., moleskin pads, aperture pads, silicone 
sleeves; Fig. 79-3), orthodigital (toe-straightening) devices 
for reducible deformity only (Fig. 79-4), and proper shoe 
gear allowing adequate toe box room.7 Patients should be 
counseled to avoid wearing improper footwear, such as 
narrow shoes and high heels.

FIGURE 79-3. Silicone sleeve on fi fth toe.

FIGURE 79-4. Lateral view of crest pad beneath second and third toes.

FIGURE 79-1. Hard corn at the lateral aspect of the proximal inter-
phalangeal joint of the small toe.

FIGURE 79-2. Soft corn on the medial aspect of the small toe.

Differential Diagnosis

Verruca (wart)

Subcutaneous bursa

Benign or malignant cutaneous neoplasm

Superfi cial foreign body

Tinea pedis (fourth web space lesions)

Keratoderma

Porokeratoma
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Use of over-the-counter keratolytic agents (e.g., salicylic 
acid) is a common self-care measure. However, these 
should be discouraged because of potential for ulceration 
or infection, especially in the diabetic, neuropathic, or 
dysvascular patient. Skin breakdown and ulceration with 
infection may occur, requiring débridement, local wound 
care, and systemic antibiotics.

Oral analgesics and nonsteroidal anti-infl ammatory drugs 
may be used in the short term to treat acute pain.

Rehabilitation
There are no true “rehabilitative” modalities for corns. 
However, should these cutaneous lesions respond to 
initial conservative measures, one may consider contin-
ued use of custom shoe gear (e.g., extra depth, molded), 
orthodigital devices, and custom orthoses to improve 
foot biomechanics.

Procedures
Trimming or paring of a corn should be done under 
aseptic technique, to a proper level, and with appropriate 
instrumentation (Fig. 79-5). This type of palliative treat-
ment is usually provided to patients who are not surgical 
candidates, either by individual choice or because of 
medical contraindication. The interval for this type of 
ongoing care generally ranges from every 6 to 12 weeks, 
depending on the nature and extent of the lesions as well 
as the patient’s activity level and compliance with other 
conservative (including self-care) measures.

Other invasive, nonsurgical procedures include subcuta-
neous injection of a local anesthetic and soluble cortico-
steroid preparation for acutely painful lesions with bursi-
tis.8 These injections should not be performed more 
than a few times as they may lead to dermal atrophy.

Surgery
Surgical treatment may involve exostectomy (condylec-
tomy) or correction of the underlying structural defor-
mity (hammer toe, claw toe, or mallet toe) by interpha-
langeal joint resection or arthrodesis, with or without 
fl exor or extensor tenoplasty.9-12
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FIGURE 79-5. Trimming of hard corn on hammer toe.

POTENTIAL DISEASE COMPLICATIONS
Potential disease complications include refractory or 
intractable pain, cutaneous nerve entrapment, second-
ary functional limitation, superfi cial or deep skin ulcer-
ation, infection, and shoe gear restrictions.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal organ systems. Treatment 
complications from local conservative care include skin 
ulceration and infection due to overly aggressive sharp 
débridement or use of keratolytic agents. Postsurgical 
complications include infection, wound problems, 
nerve injury or numbness, chronic digital edema, non-
union (in arthrodesis), and recurrent deformity.
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DEFINITION
Ganglia are benign cystic fi brous lesions that are con-
tained by thin walls of connective tissue; they are often 
multilocular and contain relatively colorless fl uid that is 
thickened and gelatinous.1 Many authors believe that 
ganglion cysts are due to myxoid degeneration of sur-
rounding connective tissue.2,3 They are most commonly 
found in the hand; however, the foot and ankle are also 
common sites for these benign lesions, especially on the 
dorsolateral surface.3 They are most commonly seen in 
the soft tissues of young and middle-aged adults and 
have a preponderance in women. Ganglia can connect 
with a joint through a stalk and can be seen within ten-
dons and bone.4 Rarely, they can form in the epineu-
rium of nerves, known as intraneural ganglion.5

SYMPTOMS
Whereas the majority of patients present with a painful 
mass in the soft tissues of the foot or ankle, a small per-
centage of patients are asymptomatic and are more con-
cerned about the possibility of malignant transforma-
tion or simply cosmesis. The symptoms are often brought 
about only by certain types of shoe gear that may cause 
direct compression of the mass or indirectly through 
traction of the adjacent skin. If the mass is compressing 
a sensory nerve, it is called an extraneural ganglion. It 
can lead to burning, radiating neuritic pain.6 If this oc-
curs in the posteromedial aspect of the ankle, it can 
cause symptoms consistent with tarsal tunnel syndrome 
by compression of the posterior tibial nerve.7

PHYSICAL EXAMINATION
Evaluation of a soft tissue mass on the foot and ankle 
should include a complete history, careful physical ex-
amination, and radiographic studies. These lesions are 
generally less than 2 cm in diameter but can be larger. 
They can be soft, fi rm, or hard, depending on their size 
and location. Although they may be found on the plan-
tar aspect of the foot, they are most commonly seen on 
the dorsal aspect.4,8 If they are compressing a nerve, Ti-
nel sign may be present, or there may be a region of 
dysesthesia or anesthesia.9 Transillumination may be 
possible if the ganglion is close to the skin surface. 
These lesions are not associated with a particular foot 
type; however, foot abnormalities should be noted (e.g., 
pes planus or fl at feet).

FUNCTIONAL LIMITATIONS
Because these lesions are rarely symptomatic outside of 
shoe gear, the only signifi cant limitations are due to in-
ability to tolerate certain types of shoes. This could limit 
walking, running, or sports that involve kicking, such as 
soccer. They can be symptomatic if the ganglia are from 
joints of the rearfoot or ankle.

DIAGNOSTIC STUDIES
Plain radiographs are typically normal, but anteropos-
terior and lateral views should be obtained to rule out 
bone exostoses or soft tissue calcifi cation. In most 
cases, the diagnosis is confi rmed with aspiration of the 
lesion, which will reveal the classic clear, gelatinous 
fl uid and provide defi nitive diagnosis. However, if the 
lesion is too small or if the fl uid is too thick to be as-
pirated, magnetic resonance imaging can provide use-
ful and often diagnostic information about these 
masses.10 Ganglia visualized on magnetic resonance 
imaging will demonstrate low to intermediate signal 
intensity on T1-weighted images and high signal in-
tensity on T2-weighted images (Fig. 80-1). They are 
commonly septated or lobulated in appearance.9,11

Also, sonography is used, particularly with ankle gan-
glia; sonographic appearance is both hypoechoic and 

80
Foot and Ankle 

Ganglia

Robert J. Krug, MD, Elliot Pollack, DPM, and Jeff rey T. Brodie, MD

Synonyms
Cyst of joint capsule
Cyst of tendon
Cyst of tendon sheath
Myxomatous cyst
Mucoid cyst

ICD-9 Code
727.43  Ganglion and cyst of synovium, tendon, and bursa, 

unspecifi ed
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TREATMENT
Initial
Shoe gear modifi cation can alleviate the pressure ex-
erted on many of these lesions. Many times, alteration 
of lacing patterns in athletic shoes can eliminate these 
symptoms. Oral medications have not been demon-
strated to be of benefi t in the treatment of ganglion 
cysts; however, if pain is acute, traditional analgesics or 
nonsteroidal anti-infl ammatory drugs can be used.

Rehabilitation
No formal rehabilitative techniques have been demon-
strated as effective treatment options for ganglia. How-
ever, for the rare mass on the plantar aspect of the foot, 
biomechanical unloading can be accomplished with 
custom orthoses.

Procedures
Simple aspiration of ganglion cysts has resulted in re-
currence rates as high as 60% to 100%.4,6,8,14 The addi-
tion of steroid injection after aspiration can reduce the 
rate of recurrence to 33% to 50%.6,15

After preparation of the skin, ethyl chloride spray can be 
used as a local anesthetic. Then, under sterile condi-
tions, a large-bore needle (e.g., 18-gauge) is used with a 
5- or 10-mL syringe to apply suffi cient suction to allow 
the thick material to pass into the syringe. Without re-
moval of the needle, usually less than 0.5 to 1.0 mL of 
a local corticosteroid (e.g., triamcinolone) is injected 
into the evacuated cyst. Compression and ice can be ap-
plied after this procedure. This process can be repeated 
a second time after at least 2 to 4 weeks, if necessary. If 
no fl uid can be aspirated, a solid tumor should be con-
sidered, and further workup may include computed to-
mography, magnetic resonance imaging, or possibly 
biopsy.2

Surgery
If conservative treatment of ganglia has failed, surgical 
excision can be curative (Fig. 80-2). Because there is a 
high rate of failure of conservative treatment, approxi-
mately one third to one half of symptomatic ganglia go 
on to require surgery. Unfortunately, recurrence rates 
can still run as high as 10% to 27% after excision; there-
fore, it is imperative that careful, meticulous dissection 
of the entire mass be performed to minimize this 
risk,1,8,14 along with tying off of any stalks that may be 
present, particularly in ganglia coming out of joints.

Differential Diagnosis

Giant cell tumor of tendon sheath

Hypertrophic synovial cysts

Lipoma

Pigmented villonodular synovitis

Soft tissue calcifi cations

Malignant sarcoma

Benign synoviomas

Bone exostoses

FIGURE 80-1. Magnetic resonance image of a ganglion cyst below the 
skin, inferior and lateral to the fi bular sesamoid.

FIGURE 80-2. Surgical exposure of the lesion seen in Figure 80-1. Note 
the round mass in the center of the surgical fi eld just below the surgical 
instrument. This cyst was compressing the plantar digital nerve in this 
web space.

anechoic.12 Communication with specifi c joints or 
tendon sheaths may be noted.13
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POTENTIAL DISEASE COMPLICATIONS
The main disease complication is chronic pain. This 
may lead to an inability to wear certain types of shoes.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. As previously 
noted, recurrence of the cyst is the most common com-
plication from surgical excision. Painful scars and ke-
loids can occur, as with any surgical procedure. If the 
cyst is in the vicinity of a motor or sensory nerve, injury 
to the nerve is possible. In addition, incisions near the 
anterior aspect of the ankle can lead to joint stiffness 
from scar contracture.1,4,8 Care must be taken with cor-
tisone injections to reduce the risk of fat necrosis in the 
subcutaneous tissues. Small amounts of cortisone 
should be used (less than 1 mL), and an attempt should 
be made to keep the needle within the potential space 
of the evacuated cyst.

 3. Carnesale PG. Soft tissue tumors and nonneoplastic conditions 
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 5. Spinner RJ, Dellon AL, Rosson GD, et al. Tibial intraneural ganglia 
in the tarsal tunnel: is there a joint connection? J Foot Ankle Surg 
2007;46:27-31.

 6. Slavitt JA, Beheshti F, Lenet M, Sherman M. Ganglions of the foot: 
a six-year retrospective study and a review of the literature. J Am 
Podiatry Assoc 1980;70:459-465.

 7. Takakura Y, Kitada C, Sugimoto K, et al. Tarsal tunnel syndrome: 
causes and results of operative treatment. J Bone Joint Surg Br 1991;
73:125-128.

 8. Pontious J, Good J, Maxian SH. Ganglions of the foot and ankle: 
a retrospective analysis of 63 procedures. J Am Podiatr Med Assoc 
1999;89:163-168.

 9. Steiner E, Steinbach LS, Schnarkowski P, et al. Ganglia and cysts 
around joints. Radiol Clin North Am 1996;34:395-425.

10. Woertler K. Soft tissue masses in the foot and ankle: characteristics 
on MR imaging. Semin Musculoskelet Radiol 2005;9:227-242.

 11. Wetzel LH, Levine E. Soft-tissue tumors of the foot: value of MR 
imaging for specifi c diagnosis. AJR Am J Roentgenol 1990;155:
1025-1030.

12. Ortega R, Fessell DP, Jacobson JA, et al. Sonography of ankle gan-
glia with pathologic correlation in 10 pediatric and adult patients. 
AJR Am J Roentgenol 2002;178:1445-1449.

13. Desy NM, Amrami KK, Spinner RJ. Ganglion cysts and nerves. 
Neurosurg Q 2006;16:187-194.

14. Johnston JO. Tumors and metabolic diseases of the foot. In 
Mann RA, Coughlin MJ, eds. Surgery of the Foot and Ankle, 6th 
ed. St. Louis, Mosby, 1993:997.

15. Derbyshire RC. Observations on the treatment of ganglia: with a 
report on hydrocortisone. Am J Surg 1966;112:635-636.

References
 1. Rozbruch SR, Chang V, Bohne WH, Deland JT. Ganglion cysts of 

the lower extremity: an analysis of 54 cases and review of the lit-
erature. Orthopedics 1998;21:141-148.

 2. Walling AK, Gasser SI. Soft-tissue and bone tumors about the foot 
and ankle. Clin Sports Med 1994;13:909-938.

Ch80_445-448-X4007.indd 447Ch80_445-448-X4007.indd   447 3/17/08 6:20:50 PM3/17/08   6:20:50 PM



M U S C U L O S K E L E T A L  D I S O R D E R S :  F O O T  A N D  A N K L E

Hallux Rigidus 81

449

David Wexler, MD, FRCS (Tr, Orth), Dawn M. Grosser, MD, 
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DEFINITION
Degenerative joint disease or loss of articular cartilage 
from the fi rst metatarsophalangeal (MTP) joint leading 
to painful restriction of motion is called hallux rigidus. 
The normal range is 30 to 45 degrees of plantar fl exion 
to almost 90 degrees of dorsifl exion. The limited range 
of motion and pain with hallux rigidus are exacerbated 
by overgrowth of bone (osteophytes or “bone spurs”) 
on the dorsal aspects of the base of the proximal pha-
lanx and the head of the metatarsal, which impinge on 
one another as the great toe dorsifl exes.2 Hallux rigidus 
is the second most common problem in the fi rst MTP 
joint, after hallux valgus; 1 in 40 people older than 
50 years will develop hallux rigidus.3

In general, the cause is unknown, although it is associ-
ated with generalized osteoarthritis of other joints and 
repeated microtrauma (e.g., in soccer players). Sustain-
ing repetitive turf toe–type injuries may lead to this 
form of early joint degeneration.4 As the plantar capsu-
loligamentous complex of the fi rst MTP joint is injured 
by hyperfl exion of the great toe, it may acutely compress 
the articular surfaces of the joint, causing articular dam-
age, or become chronically unstable, predisposing the 
MTP joint to hallux rigidus.5

SYMPTOMS
Patients typically report pain, either intermittent or 
constant, that occurs with walking and is relieved by 
rest. It is insidious in onset and may be associated 
with stiffness, swelling, and sometimes infl ammation. 
On occasion, there can be locking due to a cartilagi-

nous loose body. Patients may notice that they are 
walking on the outside of the foot to avoid pushing 
off with the great toe during the terminal stance 
and toe-off phases of the gait cycle. As the degenera-
tion increases, the pain may intensify and result in 
a limp.

PHYSICAL EXAMINATION
On inspection, there will usually be swelling around the 
MTP joint with tenderness of the joint line. Dorsal os-
teophytes may be palpable and may cause irritation of 
overlying skin with shoe wear abrasion. Pain is repro-
duced with forcible dorsifl exion of the great toe, which 
is also restricted in range. Plantar fl exion may also be 
affected. Patients may have an antalgic (painful) gait, 
and single-stance toe raise may be diffi cult secondary to 
a painful MTP joint, as opposed to posterior tibial ten-
don defi ciency. Findings of the neurologic examination, 
including strength, sensation, and refl exes, are typically 
normal.

FUNCTIONAL LIMITATIONS
Functional limitations include walking long distances, 
running any distance, and ascending stairs. As the sever-
ity increases, walking even short distances, daily er-
rands, and standing for long periods may be diffi cult. 
Flexible shoes as well as shoes with a tight toe box may 
prove to be uncomfortable. This may lead to pressure 
areas dorsally over the osteophytes.

DIAGNOSTIC STUDIES
Plain anteroposterior and lateral standing radiographs 
will usually suffi ce in confi rming the diagnosis (Fig. 81-1). 
The signs are consistent with degenerative joint disease, 
namely, loss of joint space and congruency, large dorsal 
osteophytes (bone spurs), sclerosis (increased density 
of bone), and subchondral cysts. There may be evidence 
of a loose body. This disease process has been divided 
into three grades on the basis of the severity of radio-
graphic and clinical fi ndings, which help guide surgical 
treatment.

Synonyms
Osteoarthritis or degenerative joint disease of the fi rst metatar-
sophalangeal joint
Osteoarthritis of the great toe1

ICD-9 Code
735.2 Hallux rigidus
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Grade I demonstrates mild dorsal osteophytes with 
preservation of the MTP joint space on radiographic 
examination and typically intermittent pain with ambu-
lation. Grade II demonstrates moderate dorsal osteo-
phyte formation and asymmetric joint space narrowing 
radiographically and often constant pain with ambula-
tion. Grade III has extensive osteophytes and severe 
dorsal and plantar joint space narrowing, often with 
noticeable loose bodies; clinically, patients will have 
constant pain with ambulation and signifi cant limita-
tion of motion.6

TREATMENT
Initial
Nonsteroidal anti-infl ammatory drugs may provide 
symptomatic relief. Footwear modifi cations and ortho-
ses to limit stresses at the MTP joint (carbon fi ber inserts 
or Morton’s extension orthotic devices), as well as 
avoidance of high heels or shoes with very fl exible soles, 
may be useful conservative treatment options.7

Rehabilitation
More advanced shoe modifi cations can be made by a 
certifi ed pedorthist. These include a steel shank and 
possibly a rocker-bottom that may be applied to the 
soles of many different types of shoes, including athletic 
shoes. Anecdotally, many patients prefer fi rst to try a 
steel shank because there is no cosmetic change to the 
shoe. With a rocker-bottom, the sole is altered, and this 
is sometimes less cosmetically acceptable to patients.

If there is evidence of other foot deformities, such as pes 
planus (fl atfoot), orthotic inserts may provide correc-
tion and help with gait biomechanics.

Physical therapy is not generally indicated but may in-
clude basic mobilization and distraction techniques as 
well as strengthening exercises of the fl exor and exten-
sor hallucis muscles to enhance joint stability. Modali-
ties such as contrast baths and ice may help with pain 
control.

Procedures
Intra-articular injection of the MTP joint with local an-
esthetic and steroid may provide short-term relief.

Surgery
The principal indications for surgery are continuing 
pain and failed nonoperative management. Depend-
ing on the severity of the degeneration, there are two 
broad approaches to surgery. For grade I and grade II, 
the appropriate treatment is joint preserving; the im-
pinging dorsal osteophytes are excised and the joint is 
debulked, thus improving dorsifl exion.8-10 A phalan-
geal osteotomy (i.e., Moberg procedure) may also be 
used to improve dorsifl exion. The second approach is 
joint sacrifi cing for grade III disease. These procedures 
range from resection arthroplasty, resulting in a fl oppy 
or fl ail shortened toe, to arthrodesis (Fig. 81-2), result-
ing in a stiff, rigidly fi xed toe.6,11,12 A number of manu-
facturers have tried to produce artifi cial great toe 
joints, made of Silastic, metal, and polyethylene or 
ceramic,13,14 but the long-term results of these have not 
lived up to expectations. A randomized controlled trial 
comparing arthrodesis to arthroplasty found better 
improvement in pain, satisfaction of patients, and cost 
ratio with arthrodesis. Patients receiving arthroplasty 
had minimal improvement in range of motion, had 
continued altered gait mechanics, and required re-
moval secondary to loosening in a signifi cant num-
ber.15 Interposition arthroplasty (with use of autolo-
gous tissue attached between the two joint surfaces) 
has also been advocated as a reasonable option instead 
of fusing the joint for grade III disease.16 Arthroscopic 
surgery has also been attempted.

POTENTIAL DISEASE COMPLICATIONS
Hallux rigidus may produce intractable pain and re-
duced mobility.

FIGURE 81-1. Standing anteroposterior radiograph of both feet. This 
demonstrates bilateral hallux rigidus or degenerative joint disease of the 
hallux MTP joints. The signs are narrowing of the joint space, osteophyte 
formation, and sclerosis. This is more pronounced on the right.

Differential Diagnosis

Gout

Hallux valgus

Turf toe

Fracture
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POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Steroid injection 
can rarely introduce infection.

Complications of surgery can range from failure of im-
provement with insuffi cient osteophyte resection to toe 
shortening with subsequent transfer metatarsalgia (pain 
under the metatarsal heads of the lesser toes). Arthro-
plasty complications include implant failure, silicone 
wear, foreign body reaction, and osteolysis. Arthrodesis 
complications include malunion and nonunion.

FIGURE 81-2. Standing anteroposterior radiograph of both feet. This 
demonstrates, on the left foot, one of the techniques for fusing the MTP 
joint, with crossed cannulated screws. The right foot shows a hallux val-
gus deformity.
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DEFINITION
Hammer toe refers to an abnormal fl exion posture at 
the proximal interphalangeal (PIP) joint of one or more 
of the lesser four toes. A hammer toe involves hyperex-
tension of the metatarsophalangeal (MTP) joint, fl exion 
of the PIP joint, and extension of the distal interphalan-
geal joint (Fig. 82-1). In contrast to clawing, which 
tends to involve all toes, hammer toe deformity usually 
affects only one or two toes.1 Hammer toes are classifi ed 
as either fl exible or rigid. The most commonly affected 
toe is the second, although multiple digits can be 
involved.2

Hammer toe is the most common of the lesser toe de-
formities and occurs primarily in the sagittal plane. It is 
arguably the most common toe disorder presented to 
the foot and ankle surgeon. Women are more com-
monly affected, and the incidence of hammer toe in-
creases with age.3

The most common cause of hammer toe deformity is 
fl exor stabilization in a pronated foot. The pronated 
foot requires more effort from the intrinsic muscles of 
the toes to stabilize the foot during toe-off.4 Hammer 
toe deformities progress from fl exible to rigid over time. 
Contributing factors include long-term wear of poorly 
fi tting shoes, especially those with tight, narrow toe 
boxes. Crowding and overlapping from hallux valgus 
are other causes. A long second ray with subsequent 
buckling of the toe may also lead to the deformity. 
Other predisposing factors are diabetes, connective tis-
sue disease, and trauma.3 Importantly, unlike with claw 
toes, there is no imbalance of the intrinsic muscles of 

the foot or association with neuromuscular disease.1
Contracture of the fl exor digitorum longus, however, 
may be present in some cases.

SYMPTOMS
Patients commonly complain of pain or tenderness in 
the area of the PIP joint, especially when shoes are worn 
or during weight-bearing activities. Patients also com-
monly present with cosmetic complaints. Pain may be 
the result of clavus formation over the dorsal aspect of 
the PIP joint from shoe compression. In cases in which 
hyperextension of the MTP joint has occurred, there is 
also increased pressure under the metatarsal heads. 
Metatarsalgia with subsequent callus formation under-
neath the metatarsal heads may occur secondary to their 
plantar displacement,1 with distal displacement of the 
plantar fat pad.

PHYSICAL EXAMINATION
The diagnosis is confi rmed by MTP joint hyperexten-
sion, PIP joint fl exion, and distal interphalangeal joint 
extension in the affected toe. Palpation of the PIP joint 
usually causes tenderness, with the plantar aspect more 
commonly affected.

On inspection, determine the degree of PIP joint fl ex-
ion. Also note accompanying foot deformities, such as 
ulcerations and callus formation over the PIP joint and 
tip of the toe. Hammer toe deformities become more 
prominent in stance phase. Stance phase is 40% of the 
normal gait cycle, and 75% of stance stage is spent on 
forefoot, where intrinsic muscles are functioning.

Next, determine whether the hammer toe deformity is 
fi xed or fl exible. Flexor digitorum longus contracture is 
assessed with the ankle in dorsifl exion and plantar fl ex-
ion. Correction of the deformity on plantar fl exion sig-
nifi es a fl exible hammer toe. Dorsifl exion, in turn, 
accentuates the deformity.5

Perform a joint range of motion examination of the af-
fected toe to determine fl exibility and presence or ab-
sence of crepitus. The Kelikian push-up test is used to 
assess the degree of fl exibility. Press upward on the 

Synonyms
Flexion contracture of the proximal interphalangeal joint
Lesser toe deformity
Hammer toe syndrome

ICD-9 Codes
735.4 Hammer toe (acquired)
735.8 Other acquired deformities of toe
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plantar aspect of the metatarsal head; in fl exible defor-
mities, the MTP joint will align and the proximal pha-
lanx will assume a more normal position.

Also assess for signs of swelling, temperature change, or 
erythema that might indicate the presence of an infectious 
or rheumatic process responsible for the deformity.

Inspection of the patient’s footwear is necessary to de-
termine the ability of the toe box to accommodate the 
forefoot. The presence of clavi or corns over the PIP 
joint, which may ulcerate, is often indicative of poorly 
fi tting footwear.

Standard neurologic and vascular examinations will re-
veal no abnormal fi ndings in uncomplicated hammer 
toe deformities. If there is a superfi cial peroneal nerve 
injury causing a dropfoot deformity, hammer toes will 
result because of extensor substitution. Likewise, a weak-
ness of the gastrocnemius can lead to fl exor substitu-
tion, causing a hammer toe.

If the patient has peripheral vascular disease or athero-
sclerosis, ulceration over a PIP joint may lead to toe loss 
unless the toe is revascularized.

FUNCTIONAL LIMITATIONS
Functional limitations mostly result from pain incurred 
by clavus and callus formation. Walking and other weight-
bearing activities can be painful. The ability to tolerate 
footwear with a narrow toe box is also impaired.

DIAGNOSTIC STUDIES
The diagnosis is primarily a clinical one. However, ra-
diographs can be useful in assessing a rigid hammer 
toe; weight-bearing views are preferred. An apparent 
joint space narrowing corresponds to subluxation of 
the proximal phalanx on the metatarsal head at the 
MTP joint.3,5

TREATMENT
Initial
Education of the patient is critical. The fi rst step involves 
fi tting for shoes with an adequate toe box to accommo-
date the dorsifl exed position of the proximal phalanx. 

High heels should be avoided as much as possible. A 
soft insole is useful for pressure relief.7 Nonsteroidal 
anti-infl ammatory drugs can help with pain and infl am-
mation, if present. Analgesic medications may be taken 
for pain relief. Ulcer and callus management may be 
necessary, and patients should be educated about mon-
itoring the skin for breakdown, especially in the setting 
of peripheral neuropathy.

Local icing may also help with acute pain (10 minutes, 
two or three times a day). However, ice should be 
avoided in patients with signifi cant peripheral vascular 
disease because of its vasoconstrictive properties and in 
individuals with impaired sensation because of the risk 
of frostbite.

Initial treatment is palliative rather than corrective and 
predominantly consists of attempts to accommodate 
the toe deformity by changing the patient’s footwear 
and débridement of clavi if present. This may include 
stretching the shoes or switching to shoes with a deeper 
toe box or to extra-depth shoes. Padding, such as toe 
crest pads or custom or premade hammer toe regula-
tors, may relieve pressure over the involved joints. Pa-
tients with clavi on the PIP joint may benefi t from digi-
tal caps or silicone cushions.

Rehabilitation
Formal physical therapy is usually not required, al-
though some patients might benefi t from a supervised 
paraffi n treatment, which should be followed by stretch-
ing exercises. Paraffi n baths are contraindicated if ulcers 
or sensory defi cits are present.

Stretching exercises can relieve the “tight” sensation in 
patients with a fl exible or semifl exible deformity. Exer-
cises such as picking up a towel with the toes are recom-
mended for both stretching and strengthening of the 
intrinsic foot muscles.

Functional orthotics will provide fl exor stabilization 
and, in some instances, symptomatic relief to overpro-
nators with a fl exible hammer toe deformity. Orthotics 
may slow the progression of the deformity by improv-
ing the biomechanics of feet.

FIGURE 82-1. Diagrammatic representation of hammer toe.

Differential Diagnosis

Claw toes

Mallet toes

Interdigital neuroma

Nonspecifi c synovitis of the metatarsophalangeal joint

Triggering of the lesser toes (lower limb analogue of 
trigger fi nger)6

Rheumatoid or psoriatic arthritis

Plantar plate rupture
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The clinician may prescribe shoes with deep, wide toe 
boxes. Alternatively, extra depth can be achieved in a 
standard shoe by trimming the existing shoe insert just 
distal to the metatarsal heads.8 Lamb’s wool or felt 
around the toes provides extra padding. An external 
metatarsal bar and rocker-bottom shoes may provide 
additional comfort-enhancing options. Specifi c strap-
ping devices and hammer toe straightening orthoses are 
available.

Procedures
Steroid injections may be indicated for patients with 
painful PIP joint capsulitis or arthritic fl are secondary to 
a hammer toe deformity. Combine steroid injections 
with padding or splinting for optimal relief. By use of a 
27-gauge needle and corticosteroid with local anesthetic 
mixture, introduce the solution into the joint capsule 
through the dorsomedial or dorsolateral aspect of the 
joint. Surgical preparation before injection of the joint 
is recommended. The patient should be advised about 
the possibility of a steroid fl are.

Surgery
Operative treatment should be pursued when conserva-
tive treatment fails. Cosmesis alone is not a good indi-
cation for surgery. Associated deformities must also be 
corrected for optimal surgical outcome (e.g., hallux 
valgus).5

For a mild deformity in which contractures are mild, 
soft tissue procedures are preferred. Flexor digitorum 
longus tenotomy in isolation is one such option.9 The 
Girdlestone-Taylor fl exor tendon transfer, involving 
transposition of the fl exor digitorum longus to the dor-
sal extensor hood of the proximal phalanx, provides 
increased plantar fl exion pull at the joint.10 This can be 
done by passing the split fl exor digitorum longus around 
the proximal phalanx or by using a drill hole through 
the head of the proximal phalanx to pass through the 
tendon.

For the more severe deformity, bone and joint proce-
dures are used. Resection arthroplasty of the distal third 
of the proximal phalanx is a common option. Intra-
medullary Kirschner wire fi xation is necessary for a dis-
located metatarsal head. Extensor digitorum longus and 
brevis tendon lengthening with dorsal MTP joint capsu-
lotomy and collateral ligament sectioning can be per-
formed to reduce fl exible MTP joint hyperextension. 
Flexor digitorum longus split tendon transfer can be an 
additional option. Some or all of these procedures are 
performed until correction is obtained.1,2 Proper correc-
tion should result in slight plantar fl exion of the PIP 
joint. Full weight-bearing status in a postoperative shoe 
or an appropriate pedal splint device is generally per-
missible immediately after the surgery.3

Arthroplasty of the PIP joint is the usual surgical 
treatment of digits with fl exible or semifl exible defor-
mities.9 Shortening the toe lessens the extensor and 
fl exor tension. The soft tissue and head of the proxi-

mal phalanx are resected, enough tissue and bone are 
removed to relieve tension, and the length of the 
neighboring toes is approximated. Because the toe 
retains fl exibility, this may provide better functional 
and cosmetic results for some patients. Recognize 
that if the cause of the deformity is still present or 
continues after the surgical correction, the deformity 
is likely to recur. Postsurgical treatment should in-
clude use of a Darco device or splinting to prevent 
complications.

For patients in need of additional joint stability or in 
instances of a rigid deformity, an arthrodesis procedure 
may be a better choice.9 In severe deformities, an ar-
throdesis may be combined with a Girdlestone-Taylor 
fl exor-extensor tendon transfer. The arthrodesis may be 
either an end-to-end type, a peg-in-hole arthrodesis, or 
a StayFuse implant arthrodesis.11 The peg-in-hole tech-
nique has the advantage of shortening the toe to reduce 
tension on the joint. Postsurgical treatment for arthro-
desis should also include use of a Darco device or 
splinting to prevent complications.

POTENTIAL DISEASE COMPLICATIONS
A potential disease complication is chronic intractable 
pain that limits all mobility. Other complications may 
include metatarsalgia, plantar and point of contact ul-
cerations in the insensate foot, arthralgia and joint stiff-
ness if subluxation has occurred, toenail deformities, 
and bursitis or synovitis.3 Gait abnormalities may con-
tribute to more proximal pain symptoms (e.g., low back 
and hip pain).

Diabetic neuropathy and advanced peripheral vascular 
disease are relative contraindications to splinting.9 Cor-
rection is nonsurgical.

Common potential complications include PIP joint ul-
ceration due to excessive pressure, fi xed foot deformity, 
and postural changes resulting from pain-induced gait 
deviations.

POTENTIAL TREATMENT 
COMPLICATIONS
Local icing can cause vasoconstriction and frostbite. 
Analgesics, nonsteroidal anti-infl ammatory drugs, and 
cyclooxygenase 2 inhibitors have well-known side 
effects that most commonly affect the gastric, 
hepatic, and renal systems. Postsurgical complications 
include toe ischemia, digital nerve palsy, nonunion, 
malalignment, reduced toe range of motion, rigid 
and excessively straight toe, persistent edema, fl ail 
toe, and osseous regrowth. Potential complications 
of surgical correction include fl ail or “fl oppy” toes, 
which can be repaired by collateral ligament repair or 
arthrodesis. Infection and, in severe cases, osteomyeli-
tis can occur either before or as a complication 
of surgery. If intravenous antibiotic treatment is 
unsuccessful, partial or total toe amputation may be 
required.
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DEFINITION
Mallet toe refers to an abnormal fl exion deformity at the 
distal interphalangeal (DIP) joint (Fig. 83-1). Typically, 
there is normal alignment of the metatarsophalangeal 
and proximal interphalangeal joints. The most com-
monly affected toe is the second, although multiple 
digits can be involved. The third and fourth toes are also 
commonly involved. The deformity may be fi xed (rigid) 
or fl exible, and the condition may occur in both feet. 
High-heeled shoes and shoes with a narrow toe box ag-
gravate the deformity.1 There is some observational evi-
dence to suggest that a toe longer than adjacent toes is 
at increased risk for development of lesser toe deformi-
ties.2 Incidence of lesser toe deformities at the distal 
interphalangeal (mallet toe) and proximal interphalan-
geal (hammer toe) joints is between 2% and 20%.3

SYMPTOMS
Patients typically complain of pain or tenderness in the 
area of the DIP joint. This is often most prominent in 
wearing shoes, particularly shoes with high heels or a 
narrow toe box. The symptoms are also worse during 
weight bearing, and activities such as running may pro-
mote symptoms. Patients also have cosmetic complaints, 
such as toenail deformities. Pain may be the result of 
corn formation over the dorsal aspect of the DIP joint 
from shoe compression.

PHYSICAL EXAMINATION
On inspection, the degree of DIP joint fl exion should be 
determined. Accompanying foot deformities, such as 
ulcerations and callus formation, may also be present. 

Note whether the deformity changes with standing and 
whether it is fi xed (rigid) or fl exible.

A joint range of motion examination of the affected toe 
must be performed to determine fl exibility and the pres-
ence of crepitus. Swelling, temperature change, or ery-
thema might indicate an infectious or rheumatic pro-
cess as the underlying cause of the deformity.

Inspection of the patient’s footwear is necessary to de-
termine the ability of the toe box to accommodate the 
forefoot. The presence of clavi or corns, which may ul-
cerate, is often indicative of poorly fi tting footwear.

Standard neurologic and vascular examinations will re-
veal no abnormal fi ndings in uncomplicated mallet toe 
deformities. If the patient has peripheral vascular dis-
ease or atherosclerosis, ulceration over a joint may lead 
to toe loss unless the toe is revascularized.

FUNCTIONAL LIMITATIONS
Functional limitations mostly result from pain, particu-
larly with weight-bearing activities. Thus, walking may 
be limited, and high-impact activities such as running 
may be altogether too painful. Women may complain 
that they are unable to dress appropriately for work 
because high heels are uncomfortable. Mallet toe com-
monly occurs without pain and in such cases does not 
generally cause functional limitations and does not re-
quire treatment.4

DIAGNOSTIC STUDIES
The diagnosis is clinical. However, radiographs can be 
useful in assessing a fi xed or rigid mallet toe; weight-
bearing views are preferred.

TREATMENT
Initial
Education of the patient is critical. The fi rst step in-
volves fi tting for shoes with an adequate toe box to 
accommodate the deformity. High heels should be 
avoided as much as possible. A soft insole, particularly 

Synonyms
Lesser toe deformity
Mallet toe syndrome

ICD-9 Code
735.8 Other acquired deformities of the toe
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a soft metatarsal pad or bar placed just proximal to the 
metatarsal head, is useful for pressure relief.6,7 Nonste-
roidal anti-infl ammatory drugs can help with pain and 
infl ammation, if present. Analgesic medications may 
be taken for pain relief.

Local icing may also help with acute pain (20 minutes, 
two or three times a day). However, ice should be 
avoided in patients with signifi cant peripheral vascular 
disease because of its vasoconstrictive properties and in 
individuals with impaired sensation because of the risk 
of frostbite.

Initial treatment is palliative rather than corrective. This 
predominantly consists of attempts to accommodate 
the toe deformity by changing the patient’s footwear. 
This may include stretching the shoes or switching to 
shoes with a deeper toe box or to extra-depth shoes. 
Padding, such as toe crest pads or custom or premade 
mallet toe regulators, may relieve pressure over the in-
volved joints. Patients with clavi may benefi t from digi-
tal caps or silicone cushions. Ulcer and callus manage-
ment may be required, and patients should be educated 
about monitoring the skin for breakdown, especially in 
the setting of peripheral neuropathy.

Rehabilitation
Formal physical therapy is usually not required, although 
some patients might benefi t from a supervised paraffi n 
treatment, which should be followed by stretching 

exercises. Paraffi n baths are contraindicated if ulcers or 
sensory defi cits are present.

Stretching exercises can relieve the “tight” sensation in 
patients with a more fl exible or semifl exible deformity 
but may do little if the DIP joint is rigid. Exercises such 
as picking up a towel with the toes are recommended 
for both stretching and strengthening of the intrinsic 
foot muscles, regardless of degree of fl exibility of the 
deformity.

Functional orthoses will provide fl exor stabilization 
and, in some instances, symptomatic relief to overpro-
nators with a fl exible mallet toe deformity. Orthoses 
have not, however, been found to alter the progression 
of the deformity.

The clinician may prescribe shoes with deep, wide toe 
boxes. Alternatively, extra depth can be achieved in a 
standard shoe by trimming the existing shoe insert just 
distal to the metatarsal heads.8 Lamb’s wool or felt 
around the toes provides extra padding. An external 
metatarsal bar or rocker-bottom shoe is an additional 
comfort-enhancing option.

Procedures
Steroid injections may be indicated for patients with a 
painful mallet toe deformity. Combine steroid injec-
tions with padding or splinting for optimal relief. By 
use of a 27-gauge needle and corticosteroid with local 
anesthetic mixture, introduce the steroid into the joint 
capsule through the dorsomedial or dorsolateral aspect 
of the joint. Surgical preparation before injection of the 
joint is recommended. The patient should be advised 
about the possibility of a steroid fl are.

Surgery
Operative treatment should be pursued only if conser-
vative treatment fails. Cosmesis alone is not a good 
indication for surgery. Associated deformities must also 
be fi xed for optimal surgical outcome (e.g., hallux val-
gus). In some instances, surgical management will 
need to address a combined mallet toe–hammer toe 
deformity.

For a mild deformity in which contractures do not ex-
ist, soft tissue procedures are the procedures of choice. 
For the more severe deformity, bone and joint proce-
dures are used. Full weight-bearing status in a postop-
erative shoe or an appropriate pedal splint device is 
generally permissible immediately after the outpatient 
surgery.

Because of the progressive nature of this deformity, 
most patients eventually are treated with surgical op-
tions. Surgical treatment depends on the etiology, ex-
tent, and severity of the deformity.

In younger patients, a fl exor tenotomy alone is often suf-
fi cient to treat the mallet toe deformity. For patients in 
need of additional joint stability or in instances of a rigid 
deformity, an arthrodesis may be a better choice. In se-
vere deformities, an arthrodesis is sometimes combined 

Differential Diagnosis

Claw toe

Hammer toe

Interdigital neuroma

Nonspecifi c synovitis of the metatarsophalangeal joint

Triggering of the lesser toes (lower limb analogue of 
trigger fi nger)5

Rheumatoid or psoriatic arthritis

Plantar plate rupture

FIGURE 83-1. Mallet toe (arrow indicates usual area of callus formation).
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with a fl exor tendon release. Retrospective studies have 
shown that an excisional arthroplasty of the DIP joint 
that achieves DIP fusion, with a simultaneous fl exor te-
notomy, optimizes the chance for a good outcome.9
Postoperative anteroposterior and lateral weight-bearing 
radiographs can illustrate whether an actual fusion of 
the DIP joint has been achieved. In the setting of a stiff 
joint without actual fusion, the outcome is still usually 
satisfactory. The arthrodesis may be an end-to-end type, 
or the joint may be remodeled into a peg-in-hole ar-
throdesis. The peg-in-hole technique has advantages in 
which shortening of the toe can reduce tension on the 
joint. Postsurgical treatment for arthrodesis should also 
include use of a Darco device or splinting to prevent 
complications.

POTENTIAL DISEASE COMPLICATIONS
A potential disease complication is chronic intractable 
pain that limits all mobility. Other complications may 
include metatarsalgia, plantar and point of contact ul-
cerations in the insensate foot, arthralgia and joint stiff-
ness if subluxation has occurred, toenail deformities, 
and bursitis or synovitis. Gait abnormalities may con-
tribute to more proximal pain symptoms (e.g., low back 
and hip pain).

Potential complications of nonsurgical treatment also 
include deviation of the toes, especially overlapping 
second toes. This may be prevented by splinting or use 
of a Darco device. Diabetic neuropathy and advanced 
peripheral vascular disease are relative contraindica-
tions to splinting.

Common potential complications include DIP joint 
ulceration due to excessive pressure, fi xed foot defor-
mity, and postural changes resulting from pain-induced 
gait deviations.

POTENTIAL TREATMENT 
COMPLICATIONS
Local icing can cause vasoconstriction and frostbite. 
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 

the gastric, hepatic, and renal systems. Postsurgical 
complications include toe ischemia, digital nerve palsy, 
nonunion, malalignment, reduced range of motion, 
rigid and excessively straight toe, persistent edema, fl ail 
toe, and osseous regrowth. Potential complications of 
surgical correction include fl ail or “fl oppy” toes, which 
can be repaired by collateral ligament repair, and hyper-
extension of the DIP joint. Infection and, in severe 
cases, osteomyelitis can occur either before or as a com-
plication of surgery. If intravenous antibiotic treatment 
is unsuccessful, partial or total toe amputation may be 
required.
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DEFINITION
Metatarsalgia refers to pain in the plantar aspect of the 
foot in the region of the metatarsal heads. It may be a 
primary or secondary condition and cause acute or chronic 
pain. Intrinsic or extrinsic biomechanical conditions that 
increase stress on the metatarsal heads may result in meta-
tarsalgia.1 Primary metatarsalgia is usually due to biome-
chanical reasons, such as excessive foot pronation (fl at-
foot), wearing of high-heeled or pointed shoes, wearing 
of shoes with poor padding, obesity, or pes planus 
(splayed foot with loss of metatarsal arch).2 Primary 
metatarsalgia can also be congenital or may be due to re-
cent surgery for other foot conditions. Secondary metatar-
salgia may be due to conditions such as gout, rheumatoid 
arthritis, sesamoiditis, trauma, and stress fractures.

SYMPTOMS
Metatarsalgia is pain in the forefoot that occurs with 
weight bearing. Patients typically report severe pain in 
the metatarsophalangeal region of the foot during pro-
longed weight-bearing activities and ambulation; how-
ever, in severe metatarsalgia, pain can be present with 
initial weight bearing. Pain is often described “like 
walking with a pebble in the shoe.” The patient usually 
cannot describe a precipitating cause but rather recounts 
the pain as gradual in onset.

PHYSICAL EXAMINATION
The clinician should evaluate the foot in both weight-
bearing (functional position) and non–weight-bearing 
positions. In a non–weight-bearing position, the clini-

cian inspects for swelling, masses, and calluses. Cal-
luses develop in response to abnormal weight bearing 
and are good indicants of stress and pressure. The cli-
nician should observe the toes. A relative long second 
metatarsal with a short fi rst metatarsal (Morton foot) 
may result in increased loading of the second metatar-
sal head. Hammer or claw toes may be indicative of a 
collapsed transverse arch. With the patient standing, 
the foot is examined for collapse of the arches, espe-
cially the transverse (or metatarsal) one. The hindfoot 
is examined for varus and valgus deformities that will 
affect placement of the forefoot. The physical exami-
nation should include an evaluation of the lower limb 
for rotational deformities that may affect placement 
of the forefoot. The foot should be palpated for cal-
luses (that may not be obvious to inspection), swell-
ing, and masses (Fig. 84-1). Pain with palpation be-
tween metatarsal head and metatarsal neck may be 
indicative of an intermetatarsal bursitis. Pain with the 
metatarsal compression test may indicate irritation of 
a Morton neuroma. Pain with palpation under the 
fi rst metatarsal head may be due to sesamoiditis. Lax-
ity in the fi rst metatarsal–cuneiform joints, resulting 
in a hypermobile fi rst ray, will increase weight bearing 
under the second and third metatarsals and predis-
pose the patient to metatarsalgia. A tight Achilles ten-
don will increase forefoot load in the late stance 
phase and increase the biomechanical stress on the 
forefoot.

Diffuse pain and swelling along with stiffness of the 
metatarsophalangeal joint may be due to an infl amma-
tory arthropathy, such as rheumatoid arthritis and gout. 
Because of destruction of the joint capsule and stretch-
ing of the plantar intertarsal ligaments, rheumatoid 
arthritis–induced synovitis of metatarsophalangeal 
joints is associated with volar subluxation of metatarsal 
heads. In this condition, the shortening of the long toe 
extensors and the excess tension of the long toe fl exors 
may lead to hammer toes.3

In metatarsalgia, the neurologic portion of the overall 
evaluation is normal (e.g., normal strength, sensation, 
and deep tendon refl exes). If there are paresthesias 
within the adjacent border of the affected toes (in the 
digital nerve distribution), the clinician should suspect 

Synonyms
Pain in the metatarsal heads
Forefoot pain

ICD-9 Code
726.70  Enthesopathy of ankle and tarsus, unspecifi ed meta-

tarsalgia
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Morton neuroma or lateral or medial plantar neuropa-
thy if paresthesias radiate proximally.

The patient with metatarsalgia requires evaluation for 
any postural abnormalities or asymmetries that may be 
extrinsic biomechanical causes of the condition. These 
abnormalities or asymmetries include pelvic obliquity; 
leg length discrepancy; scoliosis; rotation of hip, femur, 
knee, and tibia; and valgus and varus deformities of the 
knee and ankle. These may lead to displacement of the 
forefoot and contribute to metatarsalgia.3,4

During ambulation, the patient with extrinsic biome-
chanical causes of metatarsalgia may have increased 
abduction of forefoot at toe-off. The foot is in its maxi-
mum position of fl exibility at fl atfoot and then becomes 
rigid at heel rise as the subtalar joint inverts and the 
transverse tarsal joint becomes locked. It is during this 
period of forefoot rigidity in late stance phase that the 
forefoot experiences most of its stresses. During heel 
rise and toe-off, the hallux and lesser toes reach their 
maximum dorsifl exion. Toe dorsifl exion places traction 
on the plantar fascia and helps elevate the medial lon-
gitudinal arch through the windlass mechanism of the 
plantar fascia.1

At foot fl at and heel rise, there is rapid acceleration of 
pressure initially located in the central heel, then across 
the midfoot to the forefoot, where the pressure center is 
under the second metatarsal head. This is the moment 
of most intense discomfort. The center of pressure then 
shifts to the hallux at toe-off.1,5

FUNCTIONAL LIMITATIONS
Metatarsalgia may severely restrict ambulation. This 
may affect patients’ ability to perform activities of daily 
living and recreational and vocational activities. This 
condition may also affect the ability to exercise or to 
compete in athletic events.

DIAGNOSTIC STUDIES
Metatarsalgia remains a diagnosis made by clinical 
evaluation. If, however, the history and physical exami-
nation suggest a fracture, radiographs may be indicated. 
If stress fracture is suspected, a technetium bone scan 
may prove useful. Electromyography and nerve conduc-
tion studies may provide diagnostic clarity if tarsal tun-
nel syndrome or S1 radiculopathy is in the differential 
diagnosis.

FIGURE 84-1. The metatarsal heads should be palpated with the thumb 
on the plantar surface and the forefi nger on the dorsal surface. Palpate 
each head individually.

Differential Diagnosis

Intermetatarsal ligament strain

Intermetatarsal bursitis

Morton neuroma

Stress fracture

Metatarsal head avascular necrosis (Freiberg infarc-
tion)

Sesamoiditis

Tarsal tunnel syndrome

S1 radiculopathy

TREATMENT
Initial
Initial treatment of metatarsalgia includes analgesics, 
nonsteroidal anti-infl ammatory drugs, orthotic devices 
for correction of pronated feet (if present), and posting 
of the metatarsal arch with a metatarsal pad proximal to 
metatarsal heads.6,7 It is also important to include 
modifi cation of activities (avoidance of running and 
jumping activities) and change of footwear (e.g., avoid-
ance of high-heeled shoes and promotion of shoes with 
proper cushioning and extra depth). Rocker-bottom 
soles or steel shanks to increase the rigidity of the shoe 
can be considered if hallux rigidus is present.
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Rehabilitation
The goal of rehabilitation is the correction of postural 
dysfunction that may be contributing to the metatarsal-
gia. Postural problems that can affect the forefoot in-
clude pelvic obliquity due to leg length discrepancy, 
which can be corrected with manual therapies, stretch-
ing, strengthening, or heel lifts, if necessary. Correction 
of pronated feet by detailed evaluation of rearfoot and 
forefoot deformities followed by appropriate design of 
orthotic devices to improve foot biomechanics will re-
lieve pain and prevent progression. Correct orthotic 
treatment with physical therapy, when indicated, may 
help reduce functional rotational deformities of the hip 
and knee as well as correct the position of the foot.

Realignment by strengthening alone is of limited value 
and needs to be done in conjunction with biomechani-
cal correction, appropriate stretching, orthotics, and 
surgery (in extreme cases) to improve alignment. 
Strengthening exercises for the intrinsic muscles of the 
foot include using the toes to pick up small objects and 
transfer them to a container and rolling a tennis ball 
under the feet.3 Instruct the patient to perform the exer-
cises to fatigue. Strengthening exercises need to be pro-
gressed to closed chain activities because most of the 
symptoms of metatarsalgia and most of the functional 
demands of the foot are during weight-bearing activi-
ties.3 The patient should be instructed in stretching 
exercises to include the Achilles tendon, digits, and 
other lower extremity muscles, as needed, to improve 
posture.

Modalities such as ultrasound and iontophoresis may 
have some limited value.

Procedures
Procedures are generally not indicated in metatarsalgia.

Surgery
Surgery may be indicated when conservative manage-
ment fails to relieve the pain with ambulation. Several 
procedures can be performed for resection of the in-
volved metatarsal heads and proximal phalanges, which 
are beyond the scope of this chapter.3,8-10

POTENTIAL DISEASE COMPLICATIONS
Disease-related complications might include decon-
ditioning due to the patient’s diffi culty with ambulation 
and chronic intractable pain. Patients who are diabetic 

or who have metatarsalgia due to faulty foot mechanics 
are at higher risk for skin ulcerations.11,12

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Orthotic devices 
are generally well tolerated but may cause skin break-
down. Additional musculoskeletal issues may arise 
when the kinetic chain is altered.

References
 1.  Hockenbury RT. Forefoot problems in athletes. Med Sci Sports Ex-

erc 1999;31:S448-S458.
 2.  Pyasta RT, Panush RS. Common painful foot syndromes. Bull 

Rheum Dis 1999;48:1-4.
 3.  Kisner C, Colby LA. The ankle and foot. In Kisner C, Colby LA, 

eds. Therapeutic Exercise: Foundations and Techniques, 2nd ed. 
Philadelphia, FA Davis, 1990:385-408.

 4.  Donatelli RA. Abnormal biomechanics. In Donatelli RA, ed. The 
Biomechanics of the Foot and Ankle, 2nd ed. Philadelphia, FA 
Davis, 1996:34-72.

 5.  Hsi W, Kang J, Lee X. Optimum position of metatarsal pad in 
metatarsalgia for pressure relief. Am J Phys Med Rehabil 2005;84:
514-520.

 6.  Kelly A, Winson I. Use of ready-made insoles in treatment of less-
er metatarsalgia: prospective randomized controlled trial. Foot 
Ankle Int 1998;19:217-220.

 7.  Hodge MC, Bach TM, Carter GM. Orthotic management of plan-
tar pressure and pain in rheumatoid arthritis. Clin Biomech 
1999;14:567-575.

 8.  Fuhrmann RA, Roth A, Venbrocks RA. Metatarsalgia. Differen-
tial diagnosis and therapeutic algorithm. Orthopade 2005;34:
767-768, 769-772, 774-775.

 9.  Hofstaetter SG, Hofstaetter JG, Petroutsas JA, et al. The Weil os-
teotomy: a seven year follow-up. J Bone Joint Surg Br 2005;87:
1507-1511.

10. Snyder J, Owen J, Wayne J, Adelaar R. Plantar pressure and load 
in cadaver feet after a Weil or chevron osteotomy. Foot Ankle Int 
2005;26:158-165.

 11. Mueller MJ, Minor SD, Diamond JE, Clair VP. Relationship of foot 
deformity to ulcer location in patients with diabetes mellitus. 
Phys Ther 1990;70:356-362.

12. Wu KK. Morton neuroma and metatarsalgia. Curr Opin Rheuma-
tol 2000;12:131-142.

Ch84_461-464-X4007.indd 463Ch84_461-464-X4007.indd   463 3/17/08 6:21:56 PM3/17/08   6:21:56 PM



M U S C U L O S K E L E T A L  D I S O R D E R S :  F O O T  A N D  A N K L E

Morton Neuroma 85
Robert J. Scardina, DPM, and Sammy M. Lee, DPM

465

DEFINITION
Morton neuroma is not a true neoplasm but rather an 
enlargement of the third plantar intermetatarsal nerve 
with associated perineural fi brosis1 caused by an ac-
cumulation of collagenous material within the sheath 
of Schwann, usually the result of repetitive trauma 
(Fig. 85-1). As such, it is more accurately referred to as 
an intermetatarsal nerve entrapment.2 The exact etiol-
ogy has not been clearly identifi ed or proved conclu-
sively, but the following have been postulated as con-
tributing factors: fl atfoot (pes planus); anterior splay 
foot; high arch foot (pes cavus); equinus deformity3;
ill-fi tting (tight or high-heeled) shoe gear; abnormal 
proximity of neighboring metatarsal heads4; and as-
sociated forefoot deformities, including hallux abduc-
tus, bunion, and hammer toes.

Plantar intermetatarsal nerves of the foot are purely 
sensory at and distal to the level of the metatarsopha-
langeal joints, as they course through a fi bro-osseous 
canal composed of neighboring metatarsal heads and 
the overlying deep transverse intermetatarsal ligament.5
Anatomic (cadaver) studies have identifi ed the third 
intermetatarsal nerve as most commonly receiving 
proximal branches from both the medial plantar and 
lateral plantar nerves, each arising from the common 
posterior tibial nerve. Therefore, anatomically, the third 

intermetatarsal nerve is usually enlarged to some degree 
when it develops from proximal trunks of two separate 
nerve branches. This anatomic confi guration may or 
may not be a causative factor.

The classic Morton neuroma occurs in the third inter-
metatarsal space. Similar nerve disease occurs less com-
monly in the second intermetatarsal space (Hauser 
neuroma) and rarely in the fi rst (Heuter neuroma) and 
fourth (Iselin neuroma) intermetatarsal spaces.2 They 
are all treated in a similar fashion.

SYMPTOMS
Morton neuroma may present symptomatically in a va-
riety of ways: localized sharp, lancinating, or burning 
pain; paresthesias and dysesthesias; numbness and tin-
gling; and toe cramping. Symptoms typically radiate 
distally, involving the opposing sides of the third and 
fourth toes, but pain exclusively in the fourth toe is not 
uncommon.

Unilateral presentation is most common, whereas bilat-
eral occurrence is less so. Symptoms occur predominantly 
during weight-bearing activities, but residual non–
weight-bearing or nocturnal pain is sometimes present. 
Not uncommonly, patients may experience symptoms 
while driving an automobile with the foot held in a 
slightly dorsifl exed position. A characteristic patient ma-
neuver is to remove a shoe and massage or manipulate 
the forefoot, producing transient relief of symptoms.6

PHYSICAL EXAMINATION
On inspection, the foot may appear normal or may 
demonstrate a subtle divergence of the third and fourth 
toes, enhanced with weight bearing. When present, pal-
pable pain about the site is usually plantar. The lateral 
forefoot squeeze test may mimic a tight shoe, thereby 
reproducing symptoms. In long-standing cases, hypoes-
thesia or anesthesia may be noted in the third interdigi-
tal web space, on the opposing sides of the involved 
toes or plantar area just distal to the metatarsal heads.

The most diagnostic and reliable clinical maneuver 
is the Mulder test,7 performed by alternating lateral 

Synonyms
Metatarsal neuralgia
Perineural fi broma
Plantar neuralgia
Morton neuralgia
Intermetatarsal neuroma
Pseudoneuroma
Metatarsal neuroma
Interdigital neuroma
Morton toe syndrome
Morton entrapment

ICD-9 Code
355.6 Mononeuritis of lower limb; lesion of plantar nerve
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compression of the forefoot with one hand and dorsal-
plantar compression of the involved distal intermeta-
tarsal space with the opposite forefi nger and thumb 
(Fig. 85-2).6 A Mulder sign is considered present when 
symptoms are reproduced, along with a palpable and 
sometimes audible click.

In general, there are no signs of proximal nerve involve-
ment (e.g., tarsal tunnel syndrome), vasomotor instabil-
ity, or arterial insuffi ciency. Predisposing foot types (pes 
planus or pes cavus) or a tight heel cord (equinus)3 may 
be evident on clinical examination. Passive range of 
motion of the neighboring metatarsophalangeal joints 

is usually pain free without crepitus. Unilateral antalgic 
(pain-avoidance) gait may also be observed.

FUNCTIONAL LIMITATIONS
Functional limitations include diffi culty with walking 
or running any signifi cant distance and in performing 
other weight-bearing physical activities, as well as the 
inability to wear dress shoes comfortably (particularly 
women’s high heels).

DIAGNOSTIC STUDIES
The diagnosis of Morton neuroma is generally made 
from history and clinical examination. However, other 
supportive diagnostic studies may be helpful in estab-
lishing a diagnosis, especially when surgical interven-
tion is being considered or in the event of failed conser-
vative measures.

Ultrasonography is a relatively simple, inexpensive, 
and helpful diagnostic tool.8,9 In the evaluation of a 
primary neuroma, a 5.0-mm or greater hypoechoic 
mass, visualized in the coronal (frontal) plane projec-
tion between the neighboring metatarsal heads, is con-
sidered a positive fi nding.10,11 Magnetic resonance im-
aging, although generally not recommended in the 
initial evaluation, may also be used, particularly in the 
presence of equivocal or negative ultrasonographic 
fi ndings (e.g., small lesions) and when surgical excision 
is being considered.12-14 Both ultrasonography and 
magnetic resonance imaging are used in the diagnosis 
of postsurgical recurrent or “stump” neuroma.15-17 Per-
formance of the Mulder test during sonography is a 
newly described real-time imaging method, helpful in 
assessing the dimensions of the nerve as well as the lo-
cal “dynamics” of the pathologic process (Fig. 85-3).10

New high-resolution, high-frequency ultrasound scan-
ning may provide a means of differentiating a neuroma 
from disease of neighboring soft tissue structures, in-
cluding the plantar plate and fl exor tendons.11

Transverse 
metatarsal ligament 

Neuroma

FIGURE 85-1. Morton neuroma.

FIGURE 85-2. Technique to elicit Mulder sign.

FIGURE 85-3. Dynamic frontal plane ultrasound image demonstrating 
plantar displacement of neuroma. Arrows indicate plantar displacement 
of neuroma beneath metatarsal heads. (From Torriani M, Kattapuram S. 
Dynamic sonography of the forefoot: the sonographic Mulder sign. AJR 
Am J Roentgenol 2003;180:1121-1123.)
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The neuroma itself is not visible by plain radiographic 
imaging, but radiographs may be obtained to rule out 
metatarsal stress fracture, metatarsophalangeal joint dis-
ease (degenerative or infl ammatory), or contributing 
abnormality of the neighboring metatarsal heads. Sen-
sory nerve conduction studies can be used, but because 
of the diffi culty in isolating individual nerve trunks or 
branches, results are not consistently accurate or help-
ful. Last, a local anesthetic intermetatarsal space injec-
tion can be a useful minimally invasive diagnostic ma-
neuver to support the diagnosis.

Procedures
Injections with sclerosing agents, such as alcohol,18,19 phe-
nol, and vitamin B12, may be used if initial conservative 
noninvasive treatments fail. Local anesthetic-corticosteroid 
injections,14,20 however, are more commonly used and 
may provide transient (but rarely long-term) relief of 
symptoms (Fig.85-4). These injections are limited to no 
more than three within a 3- to 6-month period because of 
the potential for plantar fat pad atrophy. Cryoablation and 
radiofrequency lesioning have been used with mixed re-
sults and with a potential for iatrogenic injury to neigh-
boring soft tissue structures.

Surgery
Conservative measures do not always result in sympto-
matic improvement.21 The neuroma as well as the distal 
digital branches and proximal nerve trunk may be too 
large for their confi ned space. In these cases, surgical exci-
sion may be necessary.22 The success rate of surgical exci-
sion is approximately 85% to 90%, and surgical revision 
or reexploration generally carries a poor prognosis.23

Less traditional surgical techniques include neurolysis, 
decompression with dorsal nerve transposition,24 tran-
section of the deep transverse intermetatarsal ligament 
(open or endoscopic), laser treatment (vaporization), 
distal lesser metatarsal osteotomies, and gastrocnemius 
recession (in the presence of equinus deformity).25-28

POTENTIAL DISEASE COMPLICATIONS
Potential disease complications include persistent re-
fractory or intractable nerve pain, reduced mobility, 
functional limitation, and shoe gear restrictions.

POTENTIAL TREATMENT 
COMPLICATIONS
Few complications may arise from conservative mea-
sures, such as padding, strapping, orthoses, and shoe 
modifi cations. On occasion, ipsilateral or contralateral 

Differential Diagnosis

Metatarsal stress fracture

Metatarsal head avascular necrosis (Freiberg infarction)

Osseous neoplasm

Soft tissue neoplasm

Localized metatarsophalangeal joint synovitis

Metatarsophalangeal joint capsulitis

Metatarsophalangeal joint plantar plate rupture or tear

Oligoarticular systemic synovitis (e.g., rheumatoid)

Metatarsophalangeal joint arthritis (e.g., degenerative, 
rheumatoid, post-traumatic)

Submetatarsal head bursitis

Localized ischemia

Tarsal tunnel syndrome

Proximal nerve root syndrome (e.g., radiculopathy)

Peripheral neuritis

Peripheral neuropathy (e.g., diabetic, alcoholic)

TREATMENT
Initial
Conservative treatment modalities include shoe gear 
modifi cations (e.g., wider toe box), adhesive tape strap-
ping or padding of the foot, and use of foot orthoses. 
Nonsteroidal anti-infl ammatory drugs and oral analge-
sics may provide some relief from acute symptoms but 
are not recommended for long-term treatment. Poste-
rior lower leg stretching exercises may be helpful in the 
presence of gastrocnemius equinus.

Rehabilitation
Physiotherapy modalities, including both iontophoresis 
and phonophoresis, may help manage acute pain. If 
symptoms respond to initial conservative “mechanical” 
measures, more individualized therapies such as cus-
tom foot orthoses may provide additional symptomatic 
relief; these usually require referral to a podiatrist or 
pedorthist for fabrication. FIGURE 85-4. Technique of injection of a Morton neuroma.
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knee, ankle, hip, or even low back pain may be encoun-
tered, but these respond rapidly after discontinuation of 
treatment. Likewise, there are no signifi cant treatment 
complications from physiotherapy measures when they 
are used and applied properly. Long-term use of non-
steroidal anti-infl ammatory drugs may lead to gastroin-
testinal irritation.

Injection therapy with corticosteroids may result in 
plantar fat pad atrophy and secondary metatarsalgia or 
metatarsophalangeal joint plantar plate or collateral 
ligament rupture and subsequent digital deformity. In-
jection therapy with sclerosing agents may result in 
perineural irritation, infl ammation, and pain.

Postsurgical complications include infection, hema-
toma, vascular compromise, dorsal cutaneous nerve in-
jury, incomplete resection, recurrence,29,30 stump neu-
roma,31 plantar fat pad atrophy, painful hypertrophic 
scar formation (especially with plantar incision ap-
proach), and refl ex sympathetic dystrophy.29,30
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DEFINITION
The plantar fascia is a multilayered fi brous aponeurosis 
that originates from the medial calcaneal tuberosity and 
extends distally, both wider and thinner, splitting into 
fi ve bands. Each band then divides into a superfi cial and 
deep layer to insert onto the transverse tarsal ligament, 
fl exor sheath, volar plate, and periosteum of the base of 
the proximal phalanges of the toes1 (Fig. 86-1).

Plantar fasciitis is an overuse injury resulting from repeti-
tive microtears of the plantar fascia at its origin at the 
tuberosity of the os calcis deep to the distal medial heel 
pad.2 It is classically described as a local infl ammatory 
reaction, although recent research has demonstrated the 
relative absence of infl ammatory cells in the injured tis-
sue, suggesting more of a degenerative process; therefore, 
the terms tendinosis and fasciosis are advocated.3

Plantar fasciitis is one of the most common injuries of 
runners. This condition occurs equally in both sexes in 
young people; some studies show that a peak incidence 
may occur in women 40 to 60 years of age.4 The condition 
is typically precipitated by a change in the athlete’s train-
ing program. Such changes may include an increase in 
intensity or frequency, a decrease in recovery time, or a 
change in terrain or running surface. In the nonathlete, an 
increase in the amount of walking, standing, or stair 
climbing may also precipitate symptoms. There is a corre-
lation of plantar fasciitis with professions requiring pro-
longed standing (e.g., police offi cers and hairdressers).

Risk factors such as pes planus (fl at feet), pes cavus with 
rigid high arches, excessive pronation, obesity, Achilles 
tendon contracture, and poor footwear (usually a loose 

heel counter and inadequate arch support) may contrib-
ute to the development of this condition. Multiple authors 
have demonstrated that the successful treatment of plantar 
fasciitis is not contingent on the surgical removal of a heel 
spur. Prior studies have shown that only 50% of patients 
with plantar heel pain had a heel spur and that only 10% 
of patients with a heel spur were symptomatic.5

SYMPTOMS
Patients typically complain of sharp, knife-like pain in 
the plantar aspect of the heel at the base of the fascial 
insertion to the calcaneus. Pain is generally worse with 
standing or during the initial steps on awakening or after 
prolonged sitting. Patients will often complain of the 
classic “pain with the fi rst steps in the morning” that 
eases after being up and about for a while. Pain also 
typically worsens at the beginning of a workout but de-
creases during exercise. The athlete may describe being 
able to “run through” the pain. Complaints of numb-
ness, paresthesias, or weakness are atypical for plantar 
fasciitis; therefore, if these complaints are present, the 
clinician should suspect an underlying nerve injury.

PHYSICAL EXAMINATION
Palpation reveals tenderness at the origin of the fascia of 
the medial calcaneal tubercle, but there may be tender-
ness along the majority of the fascia. Range of motion 
often reveals limited great toe dorsifl exion from a tight 
plantar fascia as well as decreased ankle dorsifl exion from 
a tight Achilles tendon. Dorsifl exion should be tested with 
the knee straight (gastrocnemius on stretch) and with the 
knee bent (gastrocnemius relaxed, soleus on stretch) to 
better differentiate tightness of the gastrocnemius and 
soleus muscles. The neurologic examination should re-
veal normal muscle strength, sensation, and deep tendon 
refl exes, unless a concomitant neuropathy is present.

FUNCTIONAL LIMITATIONS
Depending on the severity of disease, patients may 
complain of symptoms only when they try to increase 
running intensity or distance. More severe cases may 

Synonyms
Plantar tendinitis
Plantar tendinosis
Plantar fasciosis
Plantar fi bromatosis

ICD-9 Code
728.71 Plantar fasciitis
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signifi cantly limit a patient’s ability to ambulate during 
daily activities or climbing stairs. Professions requiring 
extensive walking or standing (e.g., postal workers, 
nurses, or waitresses) may require job modifi cation as 
well as more aggressive splinting or even casting during 
the initial phase of treatment.

DIAGNOSTIC TESTING
Plantar fasciitis is usually a clinical diagnosis. However, 
radiographs of the foot may be helpful in ruling out 
other potential causes of heel or foot pain. It is a com-
mon misconception that the pain of plantar fasciitis is 
the direct result of the often (50%) associated anterior 

calcaneal spur (heel spur). In fact, a study of 461 asymp-
tomatic patients showed radiographic evidence of heel 
spurs in 27% of those studied.5

Electrodiagnostic testing (electromyography) may be help-
ful in ruling out the possibility of a nerve entrapment.

Ultrasound and magnetic resonance imaging studies 
may be helpful before surgical intervention is consid-
ered; these studies may demonstrate signal changes or 
swelling within the fascia. Magnetic resonance imag-
ing usually demonstrates edematous involvement of 
the calcaneal insertion of the plantar aponeurosis, 
with marked thickening of the central cord of the plan-
tar fascia.

Calcaneus

Lateral tubercle

Medial tubercle
A

Fat pad 

Plantar fascia 

B

FIGURE 86-1. A, Plantar view of origin and insertion of plantar fascia. B, Bowstring effect of plantar fascia.
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TREATMENT
Initial
As with most overuse injuries, initial treatment should 
follow the PRICEMM principles: protection, rest, ice, 
compression, elevation, medications, and modalities. 
Protection and rest usually involve “relative rest”; the 
patient avoids aggravating activities while maintain-
ing cardiovascular and muscular fi tness by participat-
ing in low-impact activities such as swimming, bicy-
cling, and weightlifting. Ice massage to the plantar 
fascia can easily be performed by the patient at home. 
Have the patient put a Styrofoam or paper cup full of 
water into the freezer. Once the water becomes ice, the 
patient may massage the block of ice along the origin 
of the plantar fascia for approximately 10 to 15 min-
utes. Icing is most helpful after activities or at the end 
of the day. Compression by way of taping the sole of 

the foot or applying an elastic wrap around the foot 
may offer comfort to the patient, as may soft gel heel 
cups, which may be placed in the patient’s shoes. 
Casting in neutral helps in diffi cult cases. Keeping the 
foot elevated while sitting or lying may also help re-
duce any local infl ammation and swelling. Nonsteroi-
dal anti-infl ammatory drugs are often used to treat 
pain and any infl ammatory component to the disease 
process. No studies have specifi cally examined the ef-
fectiveness of nonsteroidal anti-infl ammatory drugs 
alone. More than 90% of patients with plantar fasciitis 
are cured with conservative measures.6 Patients are 
often advised to obtain “stress mats” for prolonged 
standing on hard fl oors. Modalities are addressed in 
the following section.

Rehabilitation
The key elements of rehabilitation include stretching 
and strength training of not only the lower leg and foot 
but also the thigh, hip, and back. These include the 
plantar fascia, gastrocnemius-soleus complex, quadri-
ceps, hamstrings, and hip fl exors and extensors.7

Increased fl exibility is achieved through frequent stretch-
ing during the day. Each stretch should be held for 
30 seconds. It is benefi cial to tell patients that muscles 
need to be reminded to stay elongated; therefore, it is 
better to stretch for 30 seconds 10 times per day than to 
dedicate an hour once a day to perform stretches. This 
also helps achieve the patient’s compliance.

Strengthening of the foot intrinsic muscles may be 
achieved by placing a towel on the fl oor and having the 
patient crunch up the towel into a ball and then spread 
it back out by fl exing and extending the toes. Alternative 
aerobic exercises or “cross-training” should be pre-
scribed to minimize the effects of deconditioning. This 
can generally be achieved with running or swimming in 
the pool as well as by low-resistance cycling.

Modalities often prescribed include local ultrasound, 
iontophoresis, and phonophoresis. Although there is 
little evidence in the literature to suggest that these mo-
dalities hasten the resolution of the underlying prob-
lem, they may be helpful in controlling the patient’s 
pain symptoms, thus allowing better participation in a 
rehabilitation exercise program. As symptoms resolve 
and the patient has achieved good fl exibility as well as 
normal peroneal and posterior tibial muscle strength, a 
gradual return to running is attempted. An appropriate 
return to running program should be established by the 
provider together with the patient. This can generally be 
achieved by having the patient start at half of the time 
or distance and intensity that he or she was running 
before the injury, divided into equal walk and jog inter-
vals. For example, if a patient was running up to 
30 minutes before the injury, an appropriate return to 
running schedule might be as follows: Alternate 
4 minutes of walking with 1 minute of jogging for a 
total of 15 minutes. Increase by 5 minutes every week 
until 30 minutes is reached. Next, decrease the walk 
time intervals to 3 minutes each and increase the jog 

Differential Diagnosis

The differential diagnosis of heel pain6 includes the 
following infl ammatory, metabolic, degenerative, and 
nerve entrapment conditions.

Infl ammatory
Juvenile rheumatoid arthritis

Rheumatoid arthritis

Ankylosing spondylitis

Reiter syndrome

Gout

Diffuse idiopathic skeletal hyperostosis

Psoriatic arthritis

Metabolic
Migratory osteoporosis

Osteomalacia

Degenerative
Osteoarthritis

Atrophy of the heel fat pad

Nerve Entrapment
Tarsal tunnel syndrome

Entrapment of the medial calcaneal branch of the 
posterior tibial nerve

Other
Tumors

Vascular compromise

Infection
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time intervals to 2 minutes. Each week, diminish walk 
time intervals by 1 minute and add 1 minute to the jog 
interval. Walk-jog sessions should be performed three 
times per week, allowing 24 hours of rest between work-
outs. If at any time the symptoms begin to reappear, 
return to the walk-jog intensity of the previous week for 
another week until advancing again. It is generally rec-
ommended to start on level surfaces before introducing 
hills. Patients must be cautioned to not “overdo it” and 
to stay within a structured rehabilitation program be-
cause reinjury is common.

Management of excessive foot pronation is essential to 
correction of a common contributing biomechanical 
factor.8 This may be achieved simply by stretching the 
Achilles tendon; however, a change in footwear is often 
indicated. Numerous running shoes are on the market, 
and a good running shoe store with a knowledgeable 
staff may be helpful in fi nding the appropriate shoe for 
a particular type of foot. Essential components include 
a good heel counter and reasonable midfoot fl exibility. 
Patients who demonstrate excessive hindfoot and fore-
foot varus deformities typically benefi t from custom-
made orthotics that incorporate medial side wedging. 
Patients should be cautioned about wearing high-heeled 
shoes, especially those with hard soles, as this will in-
crease the forces across the plantar fascia as well as pro-
mote Achilles tendon shortening.

Procedures
Posterior night splinting may prove effective in resistant 
cases. Off-the-shelf devices are available, or fabrication 
of a posterior splint is simple with use of fi berglass cast-
ing tape. The patient’s foot should be splinted in maxi-
mum dorsifl exion to allow maximum lengthening of the 
plantar fascia and to prevent the stiffening and contrac-
tion that normally occur during sleep. The splint should 
be applied every evening and worn throughout the night 
for 2 to 3 weeks. If the patient fi nds wearing the splints 
uncomfortable at fi rst, a gradual “break-in” period may 
be necessary, with the goal of wearing the splints through-
out the night in 1 to 2 weeks. A study demonstrated that 
about 90% of patients with refractory symptoms im-
proved after only 1 month of treatment.9

Corticosteroid injections can often be avoided if an ef-
fective treatment plan is adhered to. In refractory cases, 
however, a local steroid injection may allow the patient 
to be more compliant with the established rehabilita-
tion program.10 We prefer to inject a combination of 
10-20 mg of triamcinolone (Kenalog) and 4 mL of 1% 
lidocaine with a 25-gauge 11⁄2-inch needle. A medial ap-
proach is used as it is generally better tolerated by the 
patient. The needle is aimed toward the medial tubercle 
of the calcaneus or most tender point, ensuring that the 
injection is above the fat pad to avoid potential fat pad 
atrophy (Fig. 86-2).

Extracorporeal shock wave therapy is a treatment that 
generates shock waves by electrohydraulic, piezoelectric, 
and electromagnetic methods. A meta-analysis evalu-
ated 20 published studies that clinically supported this 

treatment method as effective for plantar fasciitis. Two 
mechanisms are hypothesized for this treatment’s effi -
cacy. First, it is thought that the transmitted waves have 
an effect on pain receptor physiology. Second, the trans-
mitted waves initiate fascial tissue healing through mi-
crotrauma and a subsequent healing response by the 
release of molecular agents and growth factors. An ad-
vantage to this treatment method is immediate weight 
bearing and return to most activities in 1 to 2 weeks.11

Autologous blood injections have shown promise for 
recalcitrant plantar fasciitis. Martin12 injected 1 mL of li-
docaine and 2 mL of autologous blood where the plantar 
fascia was most tender. This treatment has been shown to 
decrease pain severity and to increase functional activity.

Babcock and Foster13 investigated the effect of botuli-
num toxin in refractory plantar fasciitis. This random-
ized, double-blind, placebo-controlled study yielded 
signifi cant improvements in pain relief and overall foot 
function at both 3 and 8 weeks after treatment.

Surgery
Surgery may be indicated in patients with signifi cant 
disability and persistent pain when conservative mea-
sures have failed. The two most common surgical op-
tions are open and endoscopic release. Overall success-
ful outcomes range from 48% to 90%.14 A successful 
outcome could be expected for most patients who are 
treated for recalcitrant plantar fasciitis.

POTENTIAL DISEASE COMPLICATIONS
Patients who continue untreated and “run through” their 
pain typically have progressive symptoms, which begin 
to interfere with their activities of daily living and may 
lead to irreversible fascial degeneration and damage.

FIGURE 86-2. Proper approach for injection of plantar fascia.
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POTENTIAL TREATMENT 
COMPLICATIONS
Although corticosteroid injections may help selected 
patients to participate in a more effective rehabilitation 
program, this procedure should be performed with res-
ervation because it may lead to heel fat pad atrophy or 
even plantar fascia rupture.15 For this reason, it may be 
helpful to apply a walking splint or cast for several days 
after an injection.

Because of the risk of gastrointestinal bleeding, long-
term use of nonsteroidal anti-infl ammatory drugs 
should be avoided, and they should be used with cau-
tion in elderly patients or those with a prior history of 
gastrointestinal or bleeding disorders. The use of non-
steroidal anti-infl ammatory drugs is contraindicated in 
patients with a known hypersensitivity to them.

Surgery, whether endoscopic or open, is associated with 
several risks (infection, complete rupture). Postopera-
tive rehabilitation may require several weeks of limited 
or no weight bearing on the affected extremity.
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DEFINITION
The posterior tibial tendon, originating from the upper 
tibia and fi bula with a broad insertion plantarly on the 
navicular, cuneiform, cuboid, and metatarsal bases, nor-
mally functions to invert the subtalar joint and to ad-
duct the forefoot. Its principal antagonist is the pero-
neus brevis, which normally everts the subtalar joint 
and abducts the forefoot. Posterior tibial tendon dys-
function is a condition, as its name suggests, that is 
characterized by the loss of function of the posterior 
tibial tendon. This disabling problem may be caused by 
trauma, degeneration, or infl ammatory arthritides and 
is most commonly seen in the sixth to seventh decades 
of life.2 These pathologic processes can lead to reduc-
tion of effective excursion of the tendon or even rup-
ture, resulting in progressive loss of the medial arch, 
midfoot abduction, and forefoot pronation. Posterior 
tibial tendon dysfunction is the most common cause of 
acquired fl atfoot in the adult. Typically, posterior tibial 
tendon dysfunction occurs during a prolonged period, 
but spontaneous rupture can occur in patients receiving 
long-term steroid therapy or from trauma.

In regard to pathophysiology, the posterior tibial ten-
don functions in concert with the gastrocnemius-soleus 
complex to stabilize the hindfoot. The longitudinal arch 
is stabilized primarily by bone articulations and liga-
mentous structures (spring ligament, talocalcaneal in-
terosseous ligament, superfi cial deltoid) and only sec-
ondarily supported by the posterior tibial tendon. The 
initial pathologic change is typically tendinosis of the 
posterior tibial tendon with maintenance of the longi-
tudinal arch. As the tendon becomes less effective, more 

stress is placed on the medial ligamentous structures, 
which attenuate, leading to progressive loss of the arch 
and abduction of the midfoot.3 The posterior tibial ten-
don begins to atrophy while the fl exor digitorum longus 
hypertrophies, attempting to compensate.4 Next, the 
calcaneus will drift into a valgus posture, changing 
the lever arm of the Achilles and causing a contracture. 
The peroneus brevis becomes an unopposed antagonist 
and contributes to the deformity.

SYMPTOMS
Patients, most commonly middle-aged women, primar-
ily complain of pain on the inner or medial aspect of 
the ankle and the hindfoot. As the insuffi ciency pro-
gresses, pronation increases, leading to pain over the 
dorsolateral aspect of the midfoot.5,6 Typically, this re-
sults in a gradual loss of the arch associated with a 
gradual increase in pain.

Rarely, there is a history of a rapid collapse from rupture 
after an acute injury.7,8 There have been only six re-
ported cases in the literature of athletes (basketball 
players and runners) younger than 30 years with acute 
posterior tibial tendon ruptures.9-12

PHYSICAL EXAMINATION
The physical examination reveals swelling confi ned to 
the area around the medial malleolus. In general, there 
is tenderness along the course of the tendon, and there 
may be exquisite tenderness just distal to the medial 
malleolus where the tendon most commonly tears.13,14

Assessment of the lower extremity in the weight-bearing 
position best demonstrates the essential elements of the 
deformity: valgus hindfoot (calcaneovalgus), midfoot 
abduction, and forefoot pronation. This complex defor-
mity clinically demonstrates a “too many toes” sign, 
that is, when the feet are viewed from behind, there ap-
pear to be more toes on the affected side than on the 
unaffected side. The severity of the patient’s presenta-
tion depends on the chronicity of the insuffi ciency and 
the magnitude of the tendon dysfunction. The medial 
longitudinal arch of the foot may be entirely lost.

 

Synonyms
Chronic tenosynovitis
Tibialis posterior tendon insuffi ciency
Asymmetric pes planus
Adult acquired fl atfoot deformity1

ICD-9 Code
726.72 Tibialis tendinitis (posterior)
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The anterior tibial tendon may become more visible 
than on the normal side as the patient, subconsciously, 
tries to regain the arch. Patients may have diffi culty 
walking on their tiptoes or have diffi culty performing a 
one-sided toe-stand while holding onto the clinician’s 
hands. The heel fails to invert into a varus position. Ask-
ing the patient to invert the plantar-fl exed foot against 
resistance can be overcome by the clinician’s hand. As-
sessment of the patient on the couch reveals altered 
posture of the foot due to the unopposed action of the 
peroneus brevis. A callosity can be seen in the region of 
the medial, plantar aspect of the midfoot.

Posterior tibial tendon dysfunction can be classifi ed in 
three stages that are correlated to the treatment. Stage I is 
a tenosynovitis, normal tendon function, and no defor-
mity. Stage II is a spectrum of disease that includes tendi-
nosis but also posterior tibial tendon dysfunction and 
weakness. Loss of the medial arch and progressive valgus 
of the heel with mild lateral impingement can be seen. 
Early in stage II, the patient may be able to perform a 
single heel raise, but as this stage progresses, this function 
is lost. Most important, the fl exibility of the foot is main-
tained with nearly normal subtalar, midtarsal, and fore-
foot motion. This continuum of disease may progress to 
stage III as the deformity becomes more rigid and subta-
lar degeneration occurs with subsequent decreased mo-
tion. An Achilles tendon contracture is typically present.

FUNCTIONAL LIMITATIONS
Patients may experience fatigue after only limited activ-
ity as their gait mechanics change with progressive pro-
nation. They may have diffi culty fi nding well-fi tting 
footwear. Pain is usually the greatest complaint and also 
limits walking and sports-related activities.15

DIAGNOSTIC STUDIES
Weight-bearing foot and ankle radiographs are usually 
helpful, depending on the severity of the clinical fi nd-
ings. In the earlier stages of tenosynovitis, the radio-
graphs are usually normal, even if there is some mild 
clinical fl attening of the medial longitudinal arch. As 
the problem progresses, radiographic changes occur 
(Figs. 87-1 and 87-2). These include, on the anteropos-
terior view, uncovering of the head of the talus (as the 
navicular moves laterally) and increase of the angle be-
tween the bodies of the talus and the calcaneus; on the 
lateral view, plantar fl exion of the talus, collapse of the 
navicular-cuneiform joint, and overlapping of the four 
medial metatarsals are noted.

Ultrasonography has been used in the past to visualize 
the posterior tibial tendon both statically and dynami-
cally and to demonstrate the tendon’s excursion. Cur-
rently, the “gold standard” is magnetic resonance imag-
ing to evaluate the continuity of the tendon. This 
provides a reasonably accurate view of the degree of 
infl ammation and synovial fl uid present within the ten-
don sheath as well as determines whether a tear of the 
tendon is present.

FIGURE 87-2. Lateral view of the foot. Stage II with decreased calcaneal  
height and talo-1st metatarsal angle.

FIGURE 87-1. Anteroposterior view of the foot. Stage II with uncovering of 
the talar head.

Differential Diagnosis

Tarsal coalition–spastic fl atfoot

Degenerative arthritic deformity

Idiopathic fl exible pes planus

Neuropathic arthropathy (e.g., secondary to diabetes 
mellitus)

Midtarsal collapse

Congenital pes planus

Lisfranc dislocation

Generalized dysplasia (ligamentous laxity)
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TREATMENT
Initial
The fi rst line of management, in stage I of posterior 
tibial tendon insuffi ciency, is with orthoses. Custom 
orthotic devices with longitudinal arch support and 
medial heel lift to insert into the shoes, UCBL (Univer-
sity of California Biomechanics Laboratory) inserts, 
rigid ankle-foot orthoses, and even double upright 
braces may be necessary. Unfortunately, there is no 
proof that any orthotic device can halt progression of 
the disorder, and if the deformity is less fl exible, ortho-
ses may be poorly tolerated. On occasion, a short leg 
cast is applied for 4 to 6 weeks for rest. Patients who 
have enough pain to require a boot or cast are also 
given a prescription for a wheelchair and walker. They 
are advised to be minimally weight bearing for at least 
2 weeks. If the pain improves, they may gradually 
progress weight bearing in the boot. When they are 
pain free with weight bearing in the boot, they pro-
gress to a cushioned lace-up shoe and arch support. 
Pain should be the guide as to how fast patients may 
progress weight bearing. Anti-infl ammatory medica-
tion may help alleviate some of the pain from the 
tenosynovitis. In obese individuals, weight loss can be 
critical.

Rehabilitation
Once the acute infl ammation has settled, an exercise 
program may be started to strengthen the posterior tib-
ial tendon. This can include active-resisted exercise rou-
tines with elastic materials (such as Cliniband or Thera-
Band) and an exercise akin to trying to “pick up carpet 
with the sole of the foot” or “grasping a towel.” Further 
methods include muscle stretching and strengthening 
techniques, particularly aimed at the Achilles tendon. 
Proprioceptive drills on the wobble board and gait re-
education are also important.

Postoperative rehabilitation can include therapy for 
range of motion exercises after tenosynovectomy and 
most certainly after tendon transfer surgery to strengthen 
the muscle-tendon complex. After a subtalar or triple 
arthrodesis, the patient will have had a lengthy period 
of cast immobilization, and therefore gait reeducation 
can be benefi cial.

Procedures
Injection of local anesthetic and steroid into the tendon 
sheath is a contentious subject and is not recommended 
because of the possibility of tendon rupture.

Surgery
Different surgical procedures are recommended, de-
pending on the stage of the disease. Continuing pain 
and failure of nonoperative management of tenosynovi-
tis (stage I) are the main indications for tenosynovec-
tomy to remove all the infl amed synovium. This is fol-
lowed by a period of cast immobilization. Repair of 

incomplete tears of the tendon may also be indicated 
and can be augmented by tendon transfers.

Complete tendon disruption, in the absence of bone 
collapse (stage II), can be treated with tendon transfers, 
combining a fl exor digitorum longus transfer with a 
calcaneal medial slide osteotomy. Subtalar or triple ar-
throdesis may be indicated for patients with progres-
sively worsening deformity and lateral hindfoot pain 
(stage III).16,17

Postoperative gait analysis of patients after tendon 
transfer and osteotomy shows improvements com-
pared with the preoperative analysis in ankle push-off 
power, step length, velocity, and cadence.18 Long-term 
satisfaction with this procedure is high: 97% improve-
ment in pain, 94% improvement in function, and 84% 
ability to wear shoes without modifi cation or orthotic 
device.19

POTENTIAL DISEASE COMPLICATIONS
Posterior tibial dysfunction can result in progressive 
pain and deformity, restriction of mobility, valgus de-
formity of the knee, and medial longitudinal arch ulcer-
ation as the medial midfoot collapses, causing increased 
pressure with weight bearing in this region.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. Steroid injection 
can cause tendon rupture. Complications of surgery in-
clude wound infection (in an area that can be notori-
ously slow to heal) and nonunion or failure of fusion in 
attempted arthrodesis.
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Tibial Neuropathy (Tarsal 
Tunnel Syndrome) 88

David R. Del Toro, MD

479

DEFINITION
Tarsal tunnel syndrome may be described as a constel-
lation of signs and symptoms caused by entrapment or 
compression of the tibial nerve or any of its branches 
in the region beneath the fl exor retinaculum in the 
medial aspect of the ankle (Fig. 88-1). The tibial nerve 
branches that may be involved deep to the tarsal tun-
nel include the medial plantar nerve, lateral plantar 
nerve, Baxter nerve (also called the fi rst branch of the 
lateral plantar nerve or inferior calcaneal nerve), and 
medial calcaneal nerve.1 Anatomically, the tarsal tun-
nel is a fi bro-osseous structure that begins just poste-
rior to the medial malleolus; the roof is the fl exor reti-
naculum (also called the laciniate ligament), and the 
fl oor is formed by the tendons of the posterior tibialis, 
fl exor digitorum longus, and fl exor hallucis longus 
muscles. The tibial nerve usually divides into three 
branches at the level of the ankle: the medial plantar 
nerve, the lateral plantar nerve, and the medial calca-
neal nerve. However, the Baxter nerve (i.e., the fi rst 
branch of the lateral plantar nerve) usually branches 
from the lateral plantar nerve (but can branch off the 
tibial nerve) just distal to the origin of the medial cal-
caneal nerve at the level of the tarsal tunnel.2,3 Then it 
traverses laterally across the anterior aspect of the heel 
and terminates with motor branches to the abductor 
digiti quinti pedis muscle.2 It is likely that true tarsal 
tunnel syndrome occurs infrequently compared 
with other focal entrapment neuropathies, such as 
carpal tunnel syndrome, ulnar neuropathy at the 
elbow, and peroneal neuropathy. In fact, in a retro-
spective review of isolated tibial neuropathies in the 

foot, the incidence of Baxter neuropathy (17%) 
was much greater than that of true tarsal tunnel 
syndrome (5%).4

There are generally considered to be fi ve basic categories 
that account for the etiology of tarsal tunnel syndrome: 
trauma and post-traumatic changes, space-occupying 
lesions causing compression, systemic diseases, biome-
chanical causes related to joint structure or deformity, 
and idiopathic causes. In addition, the underlying 
pathophysiologic mechanism of tarsal tunnel syndrome 
remains elusive; a portion of the literature supports the 
process of demyelination, whereas other case reports 
implicate axonal degeneration as the primary process.5,6

It is believed that the tibial nerve may be entrapped 
proximally within the tarsal tunnel, or one of its 
branches (e.g., the medial plantar nerve) may be en-
trapped distally in its own calcaneal chamber.1 Also, 
entrapment of the fi rst branch of the lateral plantar 
nerve (Baxter nerve) has been described as a cause of 
heel pain.7-10 Therefore, in a case of suspected tarsal tun-
nel syndrome, the tibial nerve and its major terminal 
branches (including the medial plantar nerve, lateral 
plantar nerve, and Baxter nerve) should be thoroughly 
evaluated.4

In the current literature, there is no mention of an age 
or gender preference in patients with tarsal tunnel syn-
drome. One possible explanation for this is the rela-
tively low incidence and various causes of tarsal tunnel 
syndrome.

SYMPTOMS
The patient usually presents with pain or paresthesias 
along with numbness over the sole of the foot.11 The 
pain is typically described as burning or a dull ache, but 
it may also be expressed as throbbing, cramping, or 
even tightness and may radiate proximally up to the 
medial calf. Symptoms are often exacerbated by pro-
longed standing or walking and may be worse at night 
but may not be well localized. However, if the distribu-
tion is limited to a particular region of the foot, symp-
toms might correspond to a specifi c tibial nerve branch 
that is involved (e.g., medial sole of foot due to medial 
plantar nerve involvement). Obvious weakness of the 

Synonyms
Tibial neuropathy at the ankle
Compression or entrapment neuropathy of the tibial nerve
Posterior tarsal tunnel syndrome
Posterior tibial nerve entrapment

ICD-9 Code
355.5 Tarsal tunnel syndrome
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intrinsic foot muscles is uncommon and may be mani-
fested only if the resulting foot deformity is grossly no-
ticeable or so severe that it causes an unstable gait pat-
tern. Patients with true tarsal tunnel syndrome generally 
present with unilateral symptoms.

PHYSICAL EXAMINATION
A patient with tarsal tunnel syndrome often has a Tinel 
sign over the tibial nerve or one of its branches in the 
tarsal tunnel (Fig. 88-2). On occasion, percussion over 
the tibial nerve at the ankle will elicit pain extending 
proximally along the course of the tibial nerve; this sign 
is called the Valleix phenomenon. There may also be 
palpable tenderness over the tibial nerve in the tarsal 
tunnel. Two other provocative maneuvers that may re-
produce symptoms in the foot or ankle are extension of 
the great toe and sustained passive eversion of the an-
kle.1 Sensory examination should reveal decreased light 
touch or pinprick over the plantar aspect of the foot cor-
responding to the distribution of one or all of the tibial 
nerve branches involved (Fig. 88-3). Motor examination 
of the intrinsic foot muscles is challenging because it is 
often diffi cult for patients to selectively activate these 
muscles. However, one may be able to appreciate mus-
cle atrophy around the foot that is asymmetrical com-
pared with the other side.1 Muscle stretch refl exes in 
the lower extremity (including patellar, medial ham-
string, and Achilles) should be normal and symmetrical 
compared with the unaffected side. Peripheral pulses 

(posterior tibial and dorsalis pedis) are usually palpable 
and full. Also, if the biomechanical confi guration of the 
foot is altered severely enough, gait deviations could be 
observed.

FUNCTIONAL LIMITATIONS
Impaired balance or a perception of instability due to di-
minished sensation or pain on the sole of the foot may be 
the only functional impairment that is noted by the pa-
tient. As a consequence, limited walking tolerance or dis-
tance, stumbling, or falls may be reported by the patient.

DIAGNOSTIC STUDIES
Electrodiagnostic testing should be performed for any 
patient with suspected tarsal tunnel syndrome; this is 
the only diagnostic study that evaluates the electro-
physiologic function of the tibial nerve and its major 
terminal branches. Both needle electromyography and 
nerve conduction studies (i.e., motor, sensory, or mixed 
nerve studies) should be done. Furthermore, it is im-
perative that the tibial nerve be thoroughly evaluated 
from an electrophysiologic standpoint because either 
the tibial nerve or only one of its branches may be in-
volved in a case of suspected tarsal tunnel syndrome.4 A 
magnetic resonance imaging study may be useful in 
detecting a space-occupying mass or lesion that is im-
pinging on or compressing the tibial nerve within the 

Tibial nerve

Medial calcaneal nerve

First branch of the
lateral plantar nerve

Lateral plantar nerve

Medial plantar nerve

Flexor retinaculum

Interfascicular septum

FIGURE 88-1. The medial aspect of a right foot. Note that the medial calcaneal nerve branches pierce the fl exor retinaculum as they course toward 
the medial plantar aspect of the heel.
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tarsal tunnel. The magnetic resonance imaging study 
can also provide a “road map” for surgical exploration 
of the tarsal tunnel and then direct the procedure to-
ward suitable anatomic decompression of the nerve.12

Also, recent literature indicates that ultrasonography 
could be a promising diagnostic imaging technique for 
cases of suspected tarsal tunnel syndrome by identifying 
space-occupying lesions such as ganglia.13 Plain radio-
graphs and a bone scan may be needed to rule out a 
possible fracture or other bone lesion.

TREATMENT
Initial
Conservative measures are often effective in the majority 
of tarsal tunnel syndrome cases, and therefore most 
patients should be given an adequate trial, which is gener-
ally at least 3 to 6 months. Initial management usually 
includes nonsteroidal anti-infl ammatory drugs and possi-
bly a neuropathic pain medication (such as gabapentin). If 
there is a biomechanical foot condition that can be cor-
rected or supported, the patient could benefi t from a me-
dial arch support (for a pronated foot) or a foot orthosis 
(for hindfoot valgus).7 Also, a short leg walking cast or boot 
brace in some patients can provide symptomatic relief.14

Rehabilitation
Physical therapy can be useful in certain cases, most 
typically with modalities such as iontophoresis to re-
duce symptoms of infl ammation, deep massage to mo-
bilize scar tissue, desensitization, and various exer-
cises—specifi cally, stretching exercises of the toe fl exors, 
both active and passive, and of the ankle muscle groups 
(i.e., dorsifl exors, plantar fl exors, inverters, and everters) 
if ankle range of motion is affected. Strengthening exer-
cises for the toe fl exors and extensors and for these ankle 
muscle groups may also be prescribed for distinct motor 
defi cits with a goal of equalizing any muscle imbalance. 
In addition, gait training along with balance training, 
both static and dynamic, may be necessary. The patient 
may require extra-depth shoes to accommodate a me-
dial arch support or a custom-made foot orthosis. 
Therefore, an orthotist or pedorthist may need to manu-
facture custom orthotics or footwear.

Procedures
For diagnostic and therapeutic purposes, a local anes-
thetic-steroid injection into the tarsal tunnel can give 
relatively immediate relief of local swelling and infl am-
mation surrounding the tibial nerve.

Surgery
Surgical management consists of release of the fl exor 
retinaculum and possibly exploration for a mass or 
space-occupying lesion and neurolysis of the tibial 

FIGURE 88-2. Tinel sign over the tibial nerve at the medial ankle.

Medial calcaneal 
branches (S1, 2) 

Saphenous n. 
(L3, 4) 

Lateral plantar n. 
(S1, 2) 

Sural n. (S1, 2) 

Medial plantar n. 
(L5, S1) 

FIGURE 88-3. Cutaneous innervation of the sole of the foot.

Differential Diagnosis

Plantar fasciitis

Peripheral neuropathy

Sciatic neuropathy

Lumbosacral plexopathy

Posterior tibialis dysfunction

Lumbosacral radiculopathy
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nerve, depending on the surgeon.1 In addition, some 
surgeons advocate release of the superfi cial and deep 
fascia of the abductor hallucis to more completely de-
compress the tibial nerve and its branches. The success 
rate (good to excellent outcome) for tarsal tunnel re-
lease is variable and reported to be 44% to 78%, de-
pending on the study.12 Endoscopic release of the tarsal 
tunnel may be a potential surgical option in some 
cases.12,15

POTENTIAL DISEASE COMPLICATIONS
Several potential disease complications may be a conse-
quence of tarsal tunnel syndrome. Skin breakdown, in-
cluding ulcerations, can occur over the plantar aspect of 
the foot as a result of impaired sensation. An altered gait 
pattern may develop with decreased balance or a “feel-
ing of unsteadiness” from impaired sensation, particu-
larly with respect to proprioception and light touch or 
pressure in the foot, or because the biomechanical con-
fi guration of the foot is distorted. Also, low back pain or 
lower extremity joint pain (probably hip or knee) may 
arise as a consequence of the gait deviation.

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory drugs may cause, most 
commonly, gastric or renal complications. Skin break-
down can develop over the foot or ankle from a poorly 
fi tting orthotic device. Tendon rupture may occur after 
steroid injection into the incorrect location (e.g., fl exor 
tendon sheath). In addition, the symptoms of pain, 
numbness, and paresthesias in the foot can be exacer-
bated after a local anesthetic-steroid injection or after 
surgical decompression of the tarsal tunnel.
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Occipital Neuralgia 89
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DEFINITION
Occipital neuralgia is one type of cervicogenic head-
ache described as pain in the distribution of the greater 
and lesser occipital nerves (Fig. 89-1), associated with 
posterior scalp dysesthesia or hyperalgesia. The pain is 
described as a lancinating, sharp, throbbing, electric 
shock–like pain.1-3 Two broad categories of patients 
with occipital neuralgia are those with structural patho-
logic changes and those without an apparent cause.4
Proposed causes include myofascial tightening, trauma 
of C2 nerve root (whiplash injury), prior skull or sub-
occipital surgery, other type of nerve entrapment, idio-
pathic causes, hypertrophied atlantoepistrophic (C1-2) 
ligament, sustained neck muscle contractions, and 
spondylosis of the cervical facet joints.1,3,5-8 Most pa-
tients with occipital neuropathy do not have discern-
ible lesions.4

The greater occipital nerve innervates the posterior skull 
from the suboccipital area to the vertex. It is formed 
from the medial (sensory) branch of the posterior divi-
sion of the second cervical nerve.4 It emerges between 
the atlas and lamina of the axis below the oblique infe-
rior muscle and then ascends obliquely on this muscle 
between it and the semispinalis muscle.4 The course of 
the greater occipital nerve does not appear to differ in 
males and females.9

The lesser occipital nerve forms from the medial (sen-
sory) branch of the posterior division of the third cervi-
cal nerve, ascends like the greater occipital nerve, and 
pierces the splenius capitis and trapezius muscles just 
medial to the greater occipital nerve.4 It ascends along 
the scalp to reach the vertex, where it provides sensory 
fi bers to the area of the scalp lateral to the greater oc-
cipital nerve.

The condition appears to be more common in females.10

SYMPTOMS
Occipital neuralgia may occur as an intermittent (parox-
ysmal) or a continuous headache. In continuous occipi-
tal neuralgia, the headaches may be further classifi ed as 
acute or chronic.

Paroxysmal occipital neuralgia describes pain occurring 
only in the distribution of the greater occipital nerve. 
The attacks are unilateral, and the pain is sudden and 
severe. The patient may describe the pain as sharp, 
twisting, a dagger thrust, or an electric shock. The pain 
rarely demonstrates a burning characteristic. Although 
single fl ashes of pain may occur, multiple attacks are 
more frequent. The attacks may occur spontaneously or 
be provoked by specifi c maneuvers applied to the back 
of the scalp or neck regions, such as brushing the hair or 
moving the neck.11

Acute continuous occipital neuralgia often has an un-
derlying cause. The attacks last for many hours and are 
typically devoid of radiating symptoms (e.g., trigger 
zones to the face). The entire episode of neuralgia will 
continue up to 2 weeks before remission. Exposure to 
cold is a common trigger.11

In chronic continuous occipital neuralgia, the patient 
may experience painful attacks that last for days to 
weeks. These attacks are generally accompanied by lo-
calized spasm of the cervical or occipital muscles. The 
reported pain originates in the suboccipital region up 
to the vertex and radiates to the frontotemporal region. 
Radiation to the orbital region is also common. Sen-
sory triggers to the face or skull can initiate a painful 
episode. Similarly, pain may increase with pressure of 

Synonyms
Cervicogenic headache
Occipital myalgia-neuralgia syndrome
Occipital headache
Occipital neuropathy
Occipital neuritis
Arnold neuralgia
Third occipital headache
Cervical migraine

ICD-9 Code
723.8  Other syndromes affecting cervical region; occipital 

neuralgia
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the head on a pillow. Prolonged abnormal fi xed pos-
tures that occur in reading or sleeping positions and 
hyperextension or rotation of the head to the involved 
side may provoke the pain. The pain may be bilateral, 
although the unilateral pattern is more common. Of-
ten, a previous history of cervical or occipital trauma or 
of arthritic disease of the cervical spine is obtained. On 
occasion, patients may report other autonomic symp-
toms concurrently, such as nausea, vomiting, photo-
phobia, diplopia, ocular and nasal congestion, tinnitus, 
and vertigo.11 Severe ocular pain has also been de-
scribed, as have symptoms in other distributions of the 
trigeminal nerve.5,12-14 Convergence of sensory input 
from the upper cervical nerve roots into the trigeminal 
nucleus may explain this phenomenon.8

PHYSICAL EXAMINATION
On examination, pain is generally reproduced by pal-
pation of the greater and lesser occipital nerves. Allo-
dynia or hyperalgesia may be present in the nerve dis-
tribution. Myofascial pain may be present in the neck 
or shoulders. Pain may limit cervical range of motion. 
Neurologic examination fi ndings of the head, neck, 
and upper extremities are generally normal.

Entrapment of the nerve near the cervical spine may 
result in increased symptoms during fl exion, extension, 
or rotation of the head and neck. Compression of the 
skull on the neck (Spurling maneuver), especially with 
extension and rotation of the neck to the affected side, 

may reproduce or increase the patient’s pain if cervical 
degenerative disease is the cause of the neuralgia.11 Pres-
sure over both the occipital nerves along their course in 
the neck and occiput or pressure on the C2-3 facet joints 
should cause an exacerbation of pain in such patients, 
at least when the headache is present. Even if the actual 
pathologic process is in the cervical spine, tenderness 
over the occipital nerve at the superior nuchal line is 
usually present.

FUNCTIONAL LIMITATIONS
In general, there are no neurologic defi cits from oc-
cipital neuralgia. However, the pain from this entity 
may result in signifi cant limitations in activities of 
daily living. During exacerbations, patients may have 
signifi cant functional limitations, including insomnia, 
loss of work time, and inability to perform physical 
activity or to drive a vehicle. Tasks that involve the cer-
vical spine or upper extremities, such as talking on the 
telephone, working at the computer, reading a book, 
cooking, gardening, and driving, may be painful and 
limited.

DIAGNOSTIC STUDIES
The diagnosis of occipital neuralgia is generally made 
clinically on the basis of history and physical examina-
tion. Imaging may help confi rm the diagnosis when 
there is an anatomic cause. Diagnostic local anesthetic 
nerve blocks may be required for a defi nitive diagnosis 
to be obtained; these blocks are done with or without 
the addition of corticosteroid.1,4,8 The relief of pain after 
a diagnostic local anesthetic block of the greater and 
lesser occipital nerves is generally confi rmatory of the 
diagnosis of occipital neuralgia.

In addition, magnetic resonance imaging or com-
puted tomography of the cervical spine should be 
performed to rule out an anatomic cause, such as 
tumor, vascular malformation, infection, or spondy-
lotic arthritis, that may be compressing the medial 
(sensory) branches of C2-3.15 Radiographs may be 
obtained to rule out gross abnormalities as an initial 
screening test but will not generally provide the level 
of detail needed for diagnostic purposes. Single-
photon emission computed tomography and positron 
emission tomography are being increasingly used for 
diagnosis and treatment of certain headache syn-
dromes and may be useful in occipital neuralgia if 
there is functional pathologic change involved or in 
trying to distinguish between occipital neuralgia and 
cluster or migraine headache.8 Radiologic degenera-
tive changes of the cervical spine do not necessarily 
correlate with the patient’s symptoms and examina-
tion fi ndings, but C2-3 arthritic changes in the ab-
sence of other gross or radiographic abnormalities 
may explain the etiology. Other rare causes of occipi-
tal neuralgia reported in the literature include upper 
respiratory tract infection,16 herpes zoster infection or 
postherpetic neuralgia,17 myelitis,18 hypermobile C1 
vertebrae,19 and giant cell arteritis.20,21

Sensory distribution
of greater occipital n.

Sensory distribution
of lesser occipital n.

FIGURE 89-1. Occipital nerve anatomy. The greater occipital nerve 
pierces the fascia just below the superior nuchal ridge along with the 
artery. It supplies the medial portion of the posterior scalp. The lesser 
occipital nerve passes superiorly along the posterior border of the ster-
nocleidomastoid muscle, dividing into the cutaneous branches that in-
nervate the lateral portion of the posterior scalp and the cranial surface 
of the pinna. (Reprinted with permission from Waldman SD. Greater and 
lesser occipital nerve block. In Waldman SD, ed. Atlas of Interventional 
Pain Management, 2nd ed. Philadelphia, WB Saunders, 2004:23-26.)

Ch89_483-490-X4007.indd 486Ch89_483-490-X4007.indd   486 3/18/08 3:37:31 PM3/18/08   3:37:31 PM



Occipita l  Neuralgia 487

TREATMENT
Initial
Treatments that may help with pain from occipital neu-
ralgia include heat or cold therapy, massage, avoidance 
of excessive cervical spine fl exion-extension or rotation, 
acupuncture, and application of transcutaneous electri-
cal nerve stimulation.

Pharmacologic therapy with nonsteroidal anti-
infl ammatory drugs or acetaminophen as well as other 
analgesics may be used. Tricyclic antidepressants, anticon-
vulsants, and muscle relaxants may also prove useful. An-
ticonvulsants such as carbamazepine, gabapentin, and 
pregabalin have been used for neuropathic pain with good 
results. Certain patients with comorbid psychological 
stressors may have pain complaints out of proportion to 
physical examination fi ndings and should have their psy-
chological symptoms treated with appropriate medica-
tions and psychological or cognitive-behavioral therapy.

Patients will often benefi t from adaptive equipment at 
home and work, such as a telephone earset or book-
stand. It is also important to determine whether patients 
are using bifocal glasses and whether adjusting the neck 
to use these glasses is contributing to the condition.

Rehabilitation
The incorporation of stretching and strengthening exer-
cises for the paracervical and periscapular muscles may 
be appropriate for the patient with subacute or chronic 

occipital neuralgia, particularly if the condition is pro-
voked by cervical spine or trunk movement. Postural 
training and relaxation exercises should be incorporated 
into the exercise regimen. Principles of ergonomics 
should be addressed if work site activity is limited by 
pain exacerbations (e.g., use of a telephone headset, 
document holder).11 An ergonomic workstation evalua-
tion may be benefi cial.

Manual therapy, including spinal manipulation and 
spinal mobilization, has been used to treat patients 
with cervicogenic headaches. A review of trials done 
with spinal manipulation for cervicogenic headache re-
vealed two with positive results regarding headache in-
tensity, headache duration, and medication intake.22

Only one trial showed a decrease in headache fre-
quency.22 There is clearly a need for more well-designed 
randomized controlled trials to evaluate these thera-
pies.23 Any spinal manipulation should be done with 
caution because there are serious risks if it is improperly 
performed.24 Anecdotal reports support a trial of cervi-
cal traction in some cases.11

Procedures
Blockade of the greater or lesser occipital nerve with a 
local anesthetic is diagnostic and therapeutic (Fig. 89-2). 
Pain relief can vary from hours to months. In general, at 
least 50% of patients will experience more than 1 week 
of relief after one injection. Isolated pain relief for more 
than 17 months has been reported after a series of fi ve 
blocks.3 The addition of a cortisone preparation is con-
troversial, but it may provide additional benefi t.10

Dorsal rhizotomy of C1, C2, C3, and C4 has been de-
scribed; about 71% to 77% of patients report signifi cant 
benefi t.3,25-27 Before dorsal rhizotomy, local anesthetic 
blockade of the suspected medial (sensory) branches 
should be performed for diagnostic purposes. Botuli-
num toxin A injection into the greater occipital nerve 
has also been described.10,28

Surgery
Surgical release of the inferior oblique muscles has been 
described as a potential treatment of occipital neuralgia, 
particularly when compression of the nerve by this mus-
cle is suspected. In a small, retrospective study of 10 pa-
tients, the average visual analogue score for pain de-
creased from 8 of 10 to 2 of 10 after the procedure.29

Dorsal root entry zone lesioning has also been reported 
for occipital neuralgia.30 In cases in which there is a clear 
anatomic abnormality, surgery may be a therapeutic op-
tion. In addition, neurostimulation is a new technique 
that appears to be effective in small groups of patients 
and in case reports.2 This is performed by subcutaneous 
implantation of electrical leads in the suboccipital re-
gion, which can modulate afferent pain nociceptive fi bers 
to decrease the transmission of painful impulses. This is 
thought to occur through the gate control theory of pain 
or possibly through modulation of neurotransmitters in 
the central nervous system31 (Fig. 89-3). One should 
consider surgical treatment after conservative therapy has 

Differential Diagnosis

C2-3 subluxation or arthropathy

C2-3 radiculopathy

Migraine headache

Cluster headache

Tension-type headache

Tumor (e.g., posterior fossa)

Congenital or acquired abnormalities at the craniocer-
vical junction (e.g., Arnold-Chiari malformation or basi-
lar invagination)

Rheumatoid arthritis

Atlantoaxial subluxation

Cervical myelopathy

Pott disease–osteomyelitis

Paget disease

Vascular abnormalities

Herpes zoster or postherpetic neuralgia

Giant cell arteritis

Trauma

Whiplash injury
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failed, including but not limited to membrane stabiliz-
ers, tricyclic antidepressants, opioids, spinal manipula-
tion, occipital nerve or cervical medial branch blocks, 
and partial posterior rhizotomy of C1-3.2

POTENTIAL DISEASE COMPLICATIONS
Occipital neuralgia is generally a self-limited disease, 
but it may progress in some cases to a chronic intracta-
ble pain syndrome. In refractory cases, it is critical to 
rule out more ominous conditions. Patients involved in 

litigation or who have psychosocial stresses or voca-
tional disputes may have a poorer outcome.

POTENTIAL TREATMENT 
COMPLICATIONS
Nonsteroidal anti-infl ammatory drugs have a number 
of well-established side effects, as do tricyclic antide-
pressants (Table 89-1). The anesthetic block of the 
greater or lesser occipital nerve is considered relatively 
safe.32 Contraindications to this block include coagu-
lopathy and current infection. Potential complications 
include bleeding, infection, nerve injury, seizure from 
intravascular injection of local anesthetic, and headache 
exacerbation. Care must be taken not to puncture the 
posterior occipital artery. If the artery is punctured, pres-
sure should be applied vigorously.

A

B

FIGURE 89-3. Occipital nerve stimulation. Radiograph (A) and schematic 
(B) of the midline subcutaneous approach in surgical lead positioning for 
electrical stimulation of the occipital nerve. A, Bilateral position of subcu-
taneous leads (arrows) after initial adjustment and just before intraopera-
tive stimulation testing. Note that both leads are at the level of C1-2 dens 
and aimed laterally. B, Schematic of the lead positioning in the subcuta-
neous occipital area. Note that the lead cable extensions form the loop 
just below the implant’s position and through the same midline incision. 
(Reprinted with permission from Kapural L, Mekhail N, Hayek SM, et al. 
Occipital nerve electrical stimulation via the midline approach and subcu-
taneous surgical leads for treatment of severe occipital neuralgia: a pilot 
study. Anesth Analg 2005;101:171-174.)

Greater occipital n. 

Lesser occipital n. 

Sternocleidomastoid m. 

Splenius capitis m. 

Trapezius m. 

Occipital a. 

Tendinous  
arch

Mastoid process 

Sup. nuchal ridge 

FIGURE 89-2. Occipital nerve block. The patient is placed in a sitting posi-
tion with the cervical spine fl exed and the forehead on a padded bedside 
table. A total of 8 mL of local anesthetic is drawn up in a 12-mL sterile sy-
ringe. A total of 80 mg of depot steroid is added to the local anesthetic 
with the fi rst block and 40 mg with subsequent blocks. The occipital artery 
is palpated at the level of the superior nuchal ridge. After preparation of 
the skin with antiseptic solution, a 22- or 25-gauge, 11⁄2-inch needle is 
inserted just medial to the artery and advanced perpendicularly until the 
needle approaches the periosteum of the underlying occipital bone. A 
paresthesia may be encountered. The needle is then redirected superiorly, 
and after gentle aspiration, 5 mL of solution is injected in a fan-like distri-
bution, with care being taken to avoid the foramen magnum. (Reprinted 
with permission from Waldman SD. Greater and lesser occipital nerve 
block. In Waldman SD, ed. Atlas of Interventional Pain Management, 2nd 
ed. Philadelphia, WB Saunders, 2004:23-26.)
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TABLE 89-1 Pharmacologic Treatment of Occipital Neuralgia

Medication Dosage Common Side Effects

Nonsteroidal anti-
infl ammatory drugs

Variable Gastrointestinal bleed, dyspepsia, nausea, headache, dizziness, rash, fl uid 
retention, urticaria, hepatotoxicity, acute renal failure

Cyclooxygenase 2 inhibitors Dyspepsia, nausea, abdominal pain, constipation, anorexia, elevated 
liver enzymes, acute renal failure, anaphylaxis, agranulocytosisCelecoxib (Celebrex) Celecoxib: 100 mg bid or 

200 mg qd

Tricyclic antidepressants
Amitriptyline
Nortriptyline
Imipramine

Start at 10 mg qhs and titrate 
to 75 mg qhs or until clinical 
response

Dry mouth, constipation, urinary obstruction, sedation, postural 
hypertension, decreased seizure threshold

Carbamazepine (Tegretol) Start at 100 mg bid; titrate to 
400 mg bid

Sedation, unsteadiness, nausea, blurred vision, seizures, hepatitis, aplas-
tic anemia

Gabapentin (Neurontin) Start at 300 mg qd; titrate to 
1200 mg tid

Dyspepsia, dizziness, tremor, coordination problems, insomnia, diarrhea, 
palpitations, nervousness, headache, tinnitus, depression, rash, 
dyspepsia, dry mouth, anorexia, fatigue, arrhythmia

Mexiletine Start at 150 mg qd � 3 d, then 
300 mg qd � 3 d, then 
10 mg/kg qd

Somnolence, dizziness, ataxia, fatigue, nystagmus, tremor, blurred vision, 
myalgia, weight gain, nausea, amnesia, leukopenia
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DEFINITION
Trigeminal neuralgia is defi ned as pain in the distribu-
tion of the trigeminal dermatomes. The pain is de-
scribed as an electric shock–like, stabbing, unilateral 
pain having abrupt onset and termination. Intervals 
between attacks are pain free; non-noxious triggers oc-
cur in the same or different sensory areas of the face, 
and there is minimal or no sensory loss in the region of 
pain.1-7 The incidence of trigeminal neuralgia is 4 or 
5 per 100,000 people.7-9

Observations made by surgeons and reported in the 
literature suggest that the majority of patients with clas-
sic symptoms have mechanical compression of the tri-
geminal nerve as it leaves the pons and travels in the 
subarachnoid space toward Meckel cave.10-12 Most com-
monly, the mechanism is by cross-compression by a 
major artery. Other proposed causes include demyelin-
ating plaque from multiple sclerosis or by foci of ab-
scess and bone resorption with irritation of the trigemi-
nal nerve in the maxilla or mandible. Trigeminal 
neuralgia occurs in about 1% of patients with multiple 
sclerosis, and approximately 2% to 8% of patients with 
trigeminal neuralgia have multiple sclerosis.7,8,13 Re-
gardless of the etiology, it is likely that both peripheral 
and central mechanisms play a role in the pathogenesis 
of this syndrome. Trigeminal neuralgia has a prevalence 
of 0.1 to 0.2 per 1000 and an incidence ranging from 
about 4 or 5 per 100,000 per year up to 20 per 100,000 
per year after the age of 60 years. The female-to-male 
ratio is about 3:2.14

The trigeminal nerve (cranial nerve V) is the largest of the 
cranial nerves. It begins in the brainstem at the trigeminal 
nucleus and travels along the ventrolateral surface of the 
pons and through the subarachnoid space until it enters 
the temporal bone, where it forms into the gasserian 
ganglion located in Meckel cave.10 The divisions are the 
ophthalmic or V1 branch, the maxillary or V2 branch, 
and the mandibular or V3 branch (Figs. 90-1 and 90-2). 
The relative distribution of pain in trigeminal neuralgia is 
as follows: V1, 20%; V2, 44%; V3, 36%.10

SYMPTOMS
Typical trigeminal neuralgia symptoms involve electric 
shock–like pain in the distribution of one or more 
branches of the trigeminal nerve. Pain is often intermit-
tent, with pain-free intervals of months or even years.10

The pain may last a few seconds to less than 2 minutes. 
The pain has at least four of the following fi ve characteris-
tics: distribution along one or more divisions of the tri-
geminal nerve; sudden intense, sharp, superfi cial, stab-
bing, or burning quality; severe intensity; precipitation 
from trigger areas or by certain daily activities, such as eat-
ing, talking, washing the face, or cleaning the teeth; and 
between paroxysms, the patient is completely asympto-
matic.6,15 In general, no neurologic defi cit is present.

PHYSICAL EXAMINATION
The diagnosis of trigeminal neuralgia is made primarily 
by history. The Sweet criteria for this diagnosis are fi ve 
pain descriptors. The diagnosis must be questioned if 
these criteria are not met,5 as follows: the pain is parox-
ysmal; the pain may be provoked by light touch to the 
face (trigger zones); the pain is confi ned to the trigemi-
nal distribution; the pain is unilateral; and the clinical 
sensory examination is normal.5,16 When possible, 
physical examination of the oral cavity, dentition, and 
trigeminal nerve distribution should be performed to 
rule out obvious disease. A complete cranial nerve ex-
amination should be performed. In general, no sensory 
or motor defi cits are present, but serial examinations 
may detect a change and identify a secondary cause of 
trigeminal neuralgia.6

Synonyms
Tic douloureux
Cranial neuralgia
Facial pain
Facial neuralgia
Trifacial neuralgia

ICD-9 Code
350.1  Trigeminal neuralgia: tic douloureux, trifacial neuralgia, 

trigeminal neuralgia NOS
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because of pain; they may be unable to perform functions 
in the trigeminal nerve distribution, such as comb hair, 
chew food, or shave. Talking on the telephone may be 
painful. Wearing glasses or makeup may be precluded. The 
pain from trigeminal neuralgia is not continuous but par-
oxysmal, suggesting spontaneous discharges from specifi c 
neurons, and it frequently occurs by innocuous tactile 
stimuli.4 Therefore, any activity that involves contact with 
the face may become diffi cult or impossible.

DIAGNOSTIC STUDIES
After a diagnosis of trigeminal neuralgia is suspected or 
confi rmed, patients should have diagnostic brain imaging 
with computed tomography or magnetic resonance imag-
ing. Magnetic resonance imaging may be better to rule out 
multiple sclerosis plaques and to see the anatomic rela-
tionships of the trigeminal root as well as to see subtle 
vascular abnormalities that may be causing compression.5
Electromyography, nerve conduction studies, and quanti-
tative sensory testing may provide sensitive, quantitative, 
and objective results for the diagnosis, localization, and 
accuracy of damage to the trigeminal nerve.17

Other studies that may have a role in diagnosis include 
intraoral, skull, and sinus radiographs and daily diaries 
of pain.

FIGURE 90-1. Dermatomes for trigeminal nerve. V1, ophthalmic nerve. V2, 
maxillary nerve. V3, mandibular nerve. (Reprinted with permission from 
Waldman SD. Trigeminal nerve block: coronoid approach. In Waldman SD, 
ed. Atlas of Interventional Pain Management, 2nd ed. Philadelphia, 
WB Saunders, 2004:33-37.)

V1

V2

V3

Ophthalmic n.

Maxillary n.

Mandibular n.

FIGURE 90-2. Anatomy of trigeminal 
nerve. The gasserian ganglion is 
formed from two roots that exit the 
ventral surface of the brainstem at the 
midpontine level. These roots pass in a 
forward and lateral direction in the 
posterior cranial fossa across the bor-
der of the petrous bone. They then 
enter Meckel cave. The gasserian gan-
glion has three sensory divisions, the 
ophthalmic (V1), the maxillary (V2), 
and the mandibular (V3). (Reprinted 
with permission from Waldman SD. 
Gasserian ganglion block. In Waldman 
SD, ed. Atlas of Interventional Pain 
Management, 2nd ed. Philadelphia, 
WB Saunders, 2004:27-32.)

Gasserian
ganglion

V1, Ophthalmic
division

V3, Mandibular
division

V2, Maxillary
division

Frontal n.

Mental n.

Inf. alveolar n.

Lingual n.

Supraorbital n.

Infraorbital n.

Supratrochlear n.

Differential Diagnosis

See Table 90-1.

FUNCTIONAL LIMITATIONS
In general, there are no neurologic defi cits from trigeminal 
neuralgia. However, the pain from this entity may result in 
signifi cant morbidity in activities of daily living. During 
exacerbations, patients may be functionally incapacitated 
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TABLE 90-1 Differential Diagnosis of Trigeminal Neuralgia or Facial Pain

Condition Prevalence
Major Location 
and Radiation Timing

Character and 
Severity

Provoking 
Factors

Associated 
Factors

Dental

Pulpal Very 
common

Well localized to a 
tooth

Can last 
10-20 minutes 
after sugary 
stimulus

Sharp, stabbing, 
throbbing, dull, 
moderate to 
severe

Hot, cold, or 
sweet foods 
provoke it, 
rarely 
spontaneous

Immediate relief on 
removal of stimulus

Fractured or 
cracked tooth

Fairly 
common

Localized to one 
or two teeth, 
but may be 
poorly local-
ized, diffi cult to 
visualize

Very short lasting, 
seconds, 
intermittent

Sharp, moderate Biting, never 
spontane-
ous, may be 
sensitive to 
heat

Rebound pain, worse 
after force removed, 
opposing natural 
tooth normally 
present

Pulpal—chronic 
pulpitis

Common Poorly localized 
intraorally

Intermittent, hours Mild, dull, 
throbbing

Occasionally 
heat

Often large restoration

Periodontal—
chronic apical 
periodontitis

Common Poorly localized, 
intraoral

Intermittent, 
minutes to hours

Mild, dull, 
throbbing

Large 
restoration

Sinus may be visible, 
bad taste

Bone pain–
osteomyelitis

Rare Most often 
mandible, 
widespread

Continuous Throbbing, severe Biting on 
mobile teeth

Pyrexia, malaise, 
trismus, swelling, 
may be paresthesia, 
pus, mobile teeth, 
sequestra

Denture pain, 
pressure on 
mental nerve, 
secondary 
trigeminal
neuralgia

Rare Localized 
intraoral

Intermittent, daily Aching, may be 
sharp if over 
mental nerve

Eating with 
denture

Often redness, 
ulceration in area of 
pressure

Neurologic trigeminal neuralgia

Classic, typical15 Rare Intraoral or 
extraoral in 
trigeminal
region

Each episode of 
pain lasts for 
seconds to 
minutes; refrac-
tory periods, and 
long periods of 
no pain

Sharp, shooting, 
moderate to 
very severe

Light touch 
provoked 
(e.g., eating, 
washing, 
talking)

Discrete trigger zones

Atypical 
trigeminal
neuralgia18

Rare Intraoral or 
extraoral in 
trigeminal
region

Sharp attacks last-
ing seconds to 
minutes, more 
continuous-type 
background pain, 
less likely to have 
complete pain re-
mission

Sharp, shooting, 
moderate to 
severe but also 
dull, burning, 
continuous 
mild back-
ground pain

Light touch 
provoked, 
but 
continuous-
type pain not 
so clearly 
provoked

May have small 
trigger areas, 
variable pattern

Trigeminal 
neuropathy19

Very rare Trigeminal area, 
but may radi-
ate beyond

Continuous Dull with sharp 
exacerbation

Areas of 
allodynia, 
light touch

Sensory loss, 
subjective-
objective, progres-
sive, vasodilation 
and swelling may 
occur

Glossopharyn-
geal neuralgia

Very rare Intraoral in distri-
bution of glos-
sopharyngeal

Each episode lasts 
for seconds up 
to 2 minutes

Sharp, stabbing, 
burning, severe

Swallowing, 
chewing, 
talking

No neurologic defi cit

Postherpetic 
neuralgia20

Rare Most commonly 
fi rst division of 
trigeminal

Continuous pain Tingling, severity 
varies

Tactile 
allodynia

More than 6/12 after 
acute herpes zoster

Continued
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TREATMENT
Initial
Treatments that may help with pain from trigeminal neu-
ralgia include heat or cold therapy, massage, avoidance of 
triggers, and application of transcutaneous electrical nerve 
stimulation. Topical ointments such as lidocaine, ket-
amine, and ketoprofen may help as well. Pharmacologic 
options are listed in Table 90-2. The anticonvulsant carba-
mazepine has been effi cacious in the management of 
trigeminal neuralgia as observed by several controlled 

trials.23-26 Baclofen and lamotrigine have also been 
helpful in controlled trials.23,27,28 Uncontrolled observa-
tions, clinical practice, and the author’s experience 
also suggest that phenytoin, clonazepam, topiramate, so-
dium valproate, gabapentin, pregabalin, oxcarbazepine, 
zonisamide, levetiracetam, mexiletine, and lidocaine may 
be useful.23 Pharmacologic therapy with nonsteroidal 
anti-infl ammatories, acetaminophen, tricyclic antidepres-
sants, serotonin-norepinephrine reuptake inhibitors, 
and muscle relaxants may also prove useful. A study 
showed that intranasal lidocaine 8% administered by a 

TABLE 90-1 Differential Diagnosis of Trigeminal Neuralgia or Facial Pain—cont’d

Condition Prevalence
Major Location 
and Radiation Timing

Character and 
Severity

Provoking 
Factors

Associated 
Factors

Vascular

Cluster head-
ache, episodic 
pain-free 
periods, 
chronic, no 
remissions15

Rare Orbital, supraor-
bital, temporal

15-180 minutes to 
several hours, 
from 1 every 
other day to 
8 per day

Hot, searing, 
punctuate, 
severe

Vasodilators 
(e.g., alcohol)

Conjunctival injection, 
lacrimation, nasal 
congestion, rhinor-
rhea, sweating, mio-
sis, ptosis, eyelid 
edema, restlessness

SUNCT21 Very rare Ocular, periocular, 
but may radi-
ate to fronto-
temporal area, 
upper jaw, and 
palate

Each episode last 
up to 2 minutes; 
intermittent, sev-
eral attacks per 
day and then 
may remit

Burning, electrical, 
stabbing, 
severe

Neck
movements

Conjunctival injection, 
lacrimation, nasal 
stuffi ness, 
rhinorrhea

Chronic 
paroxysmal 
hemicrania21

Very rare Eye, forehead Pain lasts 
2-45 minutes, 
5-10 daily

Stabbing, throb-
bing, boring

Head 
movements, 
responds to 
indometha-
cin

Autonomic symptoms 
as for SUNCT

Giant cell 
arteritis21

Rare May be bilateral, 
mostly over 
temporal artery

Continuous Aching, throb-
bing, boring, 
sharp

Chewing Jaw claudication, neck 
pain, anorexia, visual 
symptoms; temporal 
artery biopsy is “gold 
standard”

Temporoman-
dibular disor-
ders, idio-
pathic 
orofacial pain, 
facial arthro-
myalgia20

Relatively 
common

May be bilateral, 
periauricular, 
radiate to neck, 
temples

Intermittent, may 
last for hours, 
may have severe 
exacerbations

Throbbing, sharp, 
or dull aching

Clenching and 
grinding, 
opening 
wide, psy-
chosocial 
factors, 
trauma

May be limitation in 
opening, tender-
ness of muscles of 
mastication, altered 
occlusion, responds 
to relaxation

Atypical facial 
pain22

Relatively 
common

May be bilateral or 
unilateral, can 
radiate widely 
beyond trigemi-
nal area, vari-
able location

Intermittent or 
continuous, of-
ten long history 
of pain

Nagging, throb-
bing, aching, 
sharp (wide 
range of words 
used) and se-
verity mild to 
moderate

Life events, 
stress, 
weather 
changes, 
movements

Dysesthesia, facial 
edema, headaches, 
depression

Atypical odon-
talgia, phan-
tom tooth20

Rare Intraoral in a 
tooth or teeth, 
gingival, moves 
to another area

Continuous, few 
minutes to hours

Dull, throbbing, 
may be sharp, 
mild to 
moderate

Life events, 
emotional, 
teeth hyper-
sensitive to 
temperature 
and pressure

Often history of tooth 
extraction

Reprinted with permission from Zakrzewska JM. Diagnosis and differential diagnosis of trigeminal neuralgia. Clin J Pain 2002;18:14-21.
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metered-dose spray produced prompt but temporary an-
algesia without serious adverse reactions in patients with 
second-division trigeminal neuralgia.29

In general, 80% of patients will respond to medical 
therapy.7

Rehabilitation
Modalities for pain control, such as electrical stimula-
tion, ice massage, and hot packs, can play a role in reha-
bilitation and recovery from trigeminal neuralgia. Speech 
therapy may be indicated to help with oral motor defi -
cits that affect speech or swallowing.

Adaptive equipment, such as a telephone earset, may 
be recommended. Some general chronic pain rehabilita-
tion approaches may also be useful, such as improved 
sleep hygiene, low-intensity aerobic exercise, biofeedback, 
cognitive-behavioral therapy, and relaxation techniques.

Procedures
Trigeminal nerve blocks may reduce the intensity or the 
episodes of pain (Fig. 90-3). Local anesthetic nerve blocks 
may temporarily decrease the pain from trigeminal neu-
ralgia. The pain may sometimes outlast the duration of 
the local anesthetic. If it is clinically warranted, nerve 
blocks can be repeated at intervals, but the clinician must 
carefully weigh the risks and benefi ts of these blocks. 
Nerve blocks may be used for diagnostic purposes and to 
show patients the effects of a planned neurectomy or rhi-
zotomy.3 Some have reported good short-term results 
with neurolytic blocks with alcohol or glycerol, but the 
consensus among most physicians is that the long-term 
results of neurolytic blocks are not favorable because of 
progressively lower success rates and higher morbidity.3
Acupuncture may also have a role in the management of 
trigeminal neuralgia.30

TABLE 90-2  Pharmacologic Options for Trigeminal 
Neuralgia Reported in Literature

Drug Daily Dose NNT
*Carbamazepine 300-2400 mg 1.4-2.1 (1.1-3.9)
*Baclofen 60-80 mg 1.4 (1.0-2.6)
*Lamotrigine 400 mg 2.1 (1.3-6.1)

Phenytoin 300-400 mg

Clonazepam 6-8 mg

Valproate 1200 mg

Oxcarbazepine 1200-1400 mg

Gabapentin 600-2000 mg

Intravenous lidocaine 2-5 mg/kg

Mexiletine 10 mg/kg

*Indicates data from placebo-controlled trials.
NNT is numbers needed to treat to obtain 1 patient with at least 50% pain 
relief.
From Sindrup SH, Jensen TS. Pharmacotherapy of trigeminal neuralgia. 
Clin J Pain 2002;18:22-27.

FIGURE 90-3. Technique of trigeminal nerve block. The patient is placed 
in the supine position with the cervical spine in the neutral position. The 
coronoid notch is identifi ed by asking the patient to open and close the 
mouth several times and palpating the area just anterior and slightly in-
ferior to the acoustic auditory meatus. After the notch is identifi ed, the 
patient is asked to hold the mouth in neutral position. A total of 7 mL of 
local anesthetic is drawn up in a 12-mL sterile syringe. In treatment of 
trigeminal neuralgia, atypical facial pain, or other painful conditions in-
volving the maxillary and mandibular nerves, a total of 80 mg of depot 
steroid is added to the local anesthetic with the fi rst block and 40 mg 
with subsequent blocks. After the skin overlying the coronoid notch is 
prepared with antiseptic solution, a 22-gauge, 31⁄2-inch styleted needle 
is inserted just below the zygomatic arch directly in the middle of the 
coronoid notch. The needle is advanced approximately 11⁄2 to 2 inches in 
a plane perpendicular to the skull until the lateral pterygoid plate is en-
countered. At this point, if blockade of both the maxillary and mandibu-
lar nerves is desired, the needle is withdrawn slightly. After careful aspira-
tion, 7 to 8 mL of solution is injected in incremental doses. During the 
injection procedure, the patient must be observed carefully for signs of 
local anesthetic toxicity. (Reprinted with permission from Waldman SD. 
Trigeminal nerve block: coronoid approach. In Waldman SD, ed. Atlas of 
Interventional Pain Management, 2nd ed. Philadelphia, WB Saunders, 
2004:33-37.)

V2

V3

Coronoid
notch

Lateral pterygoid plate

Surgery
The mainstay of surgical therapy remains microvascu-
lar decompression, with excellent long-term out-
comes; 70% have positive results.31 Other therapies 
that may have a role include peripheral neurectomy, 
gasserian neurotomy, gangliolysis, trigeminal tractot-
omy, radiofrequency ablation, cryoneurolysis, and pe-
ripheral stimulation.3,32

POTENTIAL DISEASE COMPLICATIONS
Trigeminal neuralgia is generally amenable to surgical 
treatment or pharmacotherapy. However, it can pro gress
to become a chronic intractable pain syndrome. In 
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refractory cases, it is important to consider other diag-
noses or facial pain syndromes. Care must be taken to 
treat and to manage the psychosocial effects of 
this chronic pain syndrome by appropriate adjunctive 
therapy, including biofeedback, cognitive-behavioral 
therapy, and stress management techniques.

POTENTIAL TREATMENT 
COMPLICATIONS
Care must be taken to understand the side effects of any 
of the pharmacologic options available. Potential com-
plications from nerve blocks, other procedures, and 
surgery include bleeding, infection, nerve injury, seizure 
from intravascular injection of local anesthetic, and 
headache exacerbation.
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DEFINITION
Thoracic outlet syndrome is a symptom complex caused 
by compression or irritation of the neurovascular struc-
tures as they leave the thoracic cage through its narrow 
outlet. The thoracic outlet contains many structures in a 
confi ned space. The base of the thoracic outlet is formed 
by the fi rst rib and the fascia of Sibson, which is attached 
to the transverse process of the seventh cervical vertebra, 
the pleura, and the fi rst rib. The outlet is bounded supe-
riorly by the subclavius muscle and the clavicle, anteri-
orly by the anterior scalene muscle, and posteriorly by 
the middle scalene muscle. The brachial plexus and the 
subclavian artery pass over the fi rst rib between the ante-
rior and middle scalene muscles (Fig. 91-1).

Neurovascular compression occurs most frequently at 
three levels:

 ● in the superior thoracic outlet, bordered posteri-
orly by the spine, anteriorly by the manubrium, 
and laterally by the fi rst rib;

 ● in the costoscalene hiatus, bordered anteriorly by 
the anterior scalene muscle, posteriorly by the 
middle scalene muscle, and caudally by the fi rst 
rib; and

 ● in the costoclavicular passage, bordered laterally 
by the clavicle, posteriorly by the scapula, and 
medially by the fi rst rib.

The clinical symptoms of thoracic outlet syndrome are 
divided into categories according to the structures under 
pressure. True neurologic thoracic outlet syndrome 
is often caused by the distal C8-T1 roots or proximal 
fi bers of the lower trunk of the plexus being stretched 
over a taut congenital band extending from the tip of a 
rudimentary cervical rib to the fi rst rib. The most com-

mon form of thoracic outlet syndrome is the disputed 
neurologic thoracic outlet syndrome. The term disputed
has been chosen because so many of the basic tenets of 
this syndrome are in dispute. Symptoms caused by pure 
venous compression (venous thoracic outlet syndrome) 
occur in 1.5% of patients and are manifested as 
axillary–subclavian vein thrombosis, usually in young 
patients engaged in vigorous physical activity that em-
phasizes upper limb and shoulder motion (such as 
cricket, tennis, and baseball). Arterial thoracic outlet 
syndrome is very rare and may be suspected if the pa-
tient presents with claudication of the arm, coldness, 
and ischemia of a fi nger or a hand. Individuals who have 
congenital bone or fi bromuscular variations at these 
spaces and experience trauma are at risk for develop-
ment of thoracic outlet syndrome. Anatomic variations 
and anomalies probably play a secondary role in the 
etiology. Congenital bands and ligaments are observed 
in a large majority of patients with thoracic outlet syn-
drome, and nine different types have been recognized.1
In a human cadaver study, only 10% had a bilaterally 
normal anatomy, and it is suggested that fi brous bands 
confer a predisposition to symptoms of thoracic outlet 
syndrome after stress or injury.2 Variation in the course 
of the brachial plexus that may predispose to symptoms 
of thoracic outlet syndrome has also been presented.3
Cervical ribs are regarded as predisposing factors; how-
ever, cervical ribs are present since birth. In 80% of pa-
tients with cervical ribs, symptoms did not develop until 
after a neck injury.4 Post-traumatic thoracic outlet syn-
drome has been presented in several articles.5-7

According to Roos,8 anomalies are always the reason 
behind symptoms of thoracic outlet syndrome. How-
ever, only a few other surgeons have observed such 
anomalies.9 In the case of the fi rst rib, the costovertebral 
and costotransverse joints allow a fair amount of rota-
tion to take place along the long axis of the rib. More-
over, this rib has attached to it the anterior and middle 
scalene muscles, which act either by raising the thorax 
or by fl exing and rotating the cervical part of the spine. 
In consequence, this fi rst rib bears more stresses and 
strains than any of the other ribs, and these are greatest 
at the costotransverse joint.10 Osteoarthritic changes are 
found more frequently in the costotransverse joint of 
the fi rst rib. The lack of a superior supporting ligament 
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may explain why this joint of the fi rst rib is relatively 
weaker than those of the other ribs.10

The elevation of the ribs during inspiration increases 
the anteroposterior diameter of the upper thorax. The 
range of this motion is reduced in older people. A dis-
turbance of the function of the upper thoracic aperture 
will predispose to thoracic outlet syndrome symptoms. 
A subluxation of the fi rst rib at the costotransverse joint 
causes a restricted movement of the fi rst rib.11,12 In pa-
tients with thoracic outlet syndrome, the C8 and T1 
nerve roots are most commonly affected. These roots 
constitute the part of the brachial plexus closest to the 
costotransverse joint. The stellate ganglion is located in 
the immediate vicinity of the fi rst costotransverse joint 
and has numerous connections to the C8 and T1 roots. 
Minimal trauma associated with static, repetitive work, 
especially in young women, can cause abnormal stress 
on the upper aperture, and the poorly stabilized fi rst rib 
can subluxate at the costotransverse joint. A subluxation 
at the fi rst costotransverse joint could irritate the nerve 
roots C8 and T1 emerging in front of this joint. This ir-
ritation could explain the predominantly subjective 
pain and sensory loss in the ulnar distribution. The 

weakness of the hand and the various symptoms resem-
bling complex regional pain syndrome may be ex-
plained by the irritation of the stellate ganglion.13

SYMPTOMS
True neurologic thoracic outlet syndrome presents with 
a long history of sensory symptoms mainly along the 
medial forearm, associated with hand weakness and 
wasting, particularly of the thenar muscles (Fig. 91-2). In 
the upper plexus type presented by Roos,8 pain is felt 
over the brachial plexus radiating from the ear, through 
the anterior cervical region, over the clavicle into the up-
per part of the chest, posteriorly into the rhomboid and 
scapular areas, across the trapezius, and down the outer 
arm into the radial aspect of the forearm in a C5-6 dis-
tribution. In the lower plexus type, pain is felt in the 
supraclavicular and infraclavicular fossae, radiating into 
the upper part of the back and from the axilla down the 
inner arm along the ulnar nerve distribution.

In contrast, disputed neurologic thoracic outlet syndrome 
possesses none of these characteristics. The most com-
mon symptoms are pain and paresthesias in an ulnar 
distribution and numbness, tingling, weakness, or dys-
function of the hand. The list of symptoms attributed to 
disputed neurologic thoracic outlet syndrome is long. 
These patients are often told by their physicians that their 
symptoms are exaggerated or that their complaints are 
not real. Coldness, easy fatigability, ischemia of a fi nger 
or a hand, and pallor on elevation are considered to be 
symptoms of arterial origin. Swelling, discoloration, and 
a heavy feeling in the hand are considered to be symp-
toms of venous origin. Swelling, hyperesthesia, discolor-
ation, and a feeling of alternate cold and warm could also 
be signs of complex regional pain syndrome. Traction on 
the stellate ganglion has also been considered a possible 
cause of pain in these patients.10 In general, in the ab-
sence of peripheral emboli, most “vascular symptoms” or 
“Raynaud phenomena” probably result from irritation of 
the sympathetic nerves rather than from compression of 
the subclavian artery in the thoracic outlet. A common 

FIGURE 91-1. Anatomy of the thoracic outlet area. (Reprinted with per-
mission from the Christine M. Kleinert Institute for Hand and Microsur-
gery, Inc.)
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FIGURE 91-2. The hands of a patient with true neurologic thoracic out-
let syndrome. Wasting of the muscles is clearly shown in the left hand.
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feature of the symptoms is their intermittence and provo-
cation by use of the arm above shoulder level. Aggrava-
tion of the symptoms often occurs after rather than dur-
ing exercise.

PHYSICAL EXAMINATION
The diagnosis of thoracic outlet syndrome is a clinical 
one based on a detailed history and physical examina-
tion. This takes time and effort. Years of inappropriate 
diagnosis and ineffective therapy take a heavy toll on 
these patients. In the physical examination, the indi-
vidual as a whole must be taken into consideration. 
One must remember that many of these patients have 
some psychological complaints. A thorough clinical ex-
amination including a logical explanation for the symp-
toms will often relieve the psychic burden.

The physical examination starts with an inspection of 
the neck, shoulders, and upper extremities. Color, mus-
cle atrophy, edema, temperature, and nails are exam-
ined. This examination requires the patient to be exam-
ined with the shirt off. The cervical spine is then 
examined to exclude symptoms of cervical origin caused 
by a cervical disc or spondylarthrotic intervertebral fora-
men. A typical pain radiculation in C5 to C8 distribu-
tion indicates that a nerve root irritation is present. A 
local distribution of pain with neck extension indicates 
a facet joint problem.

A neurologic examination is performed to include sen-
sory testing, muscle strength testing (C5-8), and refl exes. 
Tinel sign is tested to exclude carpal tunnel syndrome. 
Palpation of the median, ulnar, and radial nerves from 
the axilla to the hand may reveal tenderness. This tender-
ness will vanish if a successful therapy is administered.14

Almost all clinical tests used in the examination of the 
patient with thoracic outlet syndrome aim to provoke 
the symptoms felt by the patient, presuming that the 
compressing structure may be provoked to irritate the 
neurovascular bundle in the area of the thoracic outlet 
during the test. These maneuvers are unreliable in gen-
eral.15 A clinical test in extensive use is the Adson test.16

With the patient sitting, hands resting on the thighs, 
both radial pulses are simultaneously palpated. During 
forced inspiration, hyperextension of the neck, and 
turning of the head to the affected side, the radial pulse 
is palpated for obliteration, and auscultation is done for 
supraclavicular bruit. The test has changed during the 
years. In 1927, when Adson described his test, the vas-
cular changes were considered to be pathognomonic of 
thoracic outlet syndrome. Later, neurologic changes oc-
curred more frequently than vascular ones, and these 
can be detected better when the head is rotated to the 
contralateral rather than the ipsilateral side, as initially 
described.

Radial pulse obliteration or subclavian bruit is found in 
69% of normal patients.17 All studies clearly indicate 
that pulse obliteration with the arm and head in various 
positions is a normal fi nding and has no relation to 
thoracic outlet syndrome.

In the hyperabduction test, symptoms are reproduced 
by hyperabduction of the arm.18 However, more than 
80% of normal individuals experience obliteration of 
the radial pulse during this test.18 In the exaggerated 
military maneuver, also called Eden test, symptoms 
are reproduced by pulling back the acromioclavicular 
joint in an exaggerated military “attention” position. 
The neurovascular structures could be compressed 
between the fi rst rib and the clavicle, without any ana-
tomic predisposing factors. This maneuver is also 
referred to as the costoclavicular test. Arterial com-
pression is found in 60% of asymptomatic individuals 
by this test.19

In the abduction–external rotation test, also called 
Roos test or elevated arm stress test (EAST), the hands 
are in the “stick up” position and are then repeatedly 
opened and closed for 3 minutes. When Roos fi rst de-
scribed this procedure in 1966, he considered the 
symptoms to be due to both arterial and brachial 
plexus compression and referred to this procedure as a 
claudication test.20 By 1974, Roos was convinced that 
thoracic outlet syndrome was neurologic rather than 
vascular in origin but claimed that the EAST procedure 
was the most reliable procedure. Roos has also claimed 
that the EAST procedure has great specifi city, with a 
positive result in thoracic outlet syndrome but gener-
ally negative results in carpal tunnel syndrome and 
cervical radiculopathy. However, in a controlled study, 
it was found that the EAST procedure is an excellent 
test for carpal tunnel syndrome; the result is positive in 
92% of patients with carpal tunnel syndrome and in 
74% of normal controls.21 Positional compression 
during all of these tests is a common phenomenon in 
normal subjects,22 and diminishing of the pulse in 
Adson test, the costoclavicular maneuver, and the hy-
perabduction test is considered to be a normal fi nding 
rather than a pathologic one.23 None of these tests 
unequivocally establishes the presence or absence of 
thoracic outlet syndrome. Ribbe and colleagues23 used 
a “thoracic outlet syndrome index” to establish the 
diagnosis of thoracic outlet syndrome. According to 
these authors, a patient with thoracic outlet syndrome 
should have at least three of the following four symp-
toms or signs:
 1. a history of aggravation of symptoms with the 

arm in the elevated position;
 2. a history of paresthesia in the segments C8-T1;
 3. tenderness over the brachial plexus supraclavicu-

larly; and
 4. a positive “hands-up” (abduction–external rota-

tion) test result.

The function of the upper thoracic aperture should be 
analyzed with the cervical rotation–lateral fl exion test.24

The test is carried out as follows. The neutrally posi-
tioned cervical spine is fi rst passively and maximally 
rotated away from the side being examined, and then, 
in this position, gently fl exed as far as possible, moving 
the ear toward the chest. This is done in both direc-
tions. A restriction blocking the lateral fl exion part of 
the movement indicates a positive test result; a free 
movement indicates a negative test result (Fig. 91-3). 
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This test indicates an abnormal function of the upper 
thoracic aperture. The test is indicative of a subluxation 
of the fi rst rib at the costotransverse joint. The test has 
been used to identify patients who did not gain from 
surgery25,26 as well as in a 2-year follow-up study after 
conservative treatment.14

In the surgery series,25,26 it was hypothesized that the 
remaining stump of the fi rst rib was subluxated and that 
is why the symptoms persisted after surgery. The impor-
tance of the length of the remaining stump has also 
been stressed by other authors.27-29 It is mandatory to 
analyze the function of the upper thoracic aperture and 
not only rely on provocative maneuvers that may lead 
to unnecessary surgical interventions.

FUNCTIONAL LIMITATIONS
The patients with symptoms of thoracic outlet syn-
drome have diffi culty in working over the horizontal 
level, such as cleaning windows and putting up draper-
ies. Static work, such as working with a keyboard, may 
be diffi cult because of paresthesias and diffi culty in con-
trolling the movements of the arm. Many patients can-
not “rely” on the hand. Sleep is disturbed because of 
pain and tingling after exertion during the day.

DIAGNOSTIC STUDIES
Radiologic examination in the thoracic outlet syndrome 
can detect cervical ribs, bone anomalies of the fi rst or 
second ribs, tumors, or the “droopy shoulder” syndrome. 
The incidence of arterial compression of clinical signifi -
cance is extremely low, and arteriography should not be 
used in the diagnosis of thoracic outlet syndrome, except 
in patients with signs of pronounced compression or 
ischemia. Arterial compression inside the thoracic outlet 
can be detected with Doppler ultrasonography.30

Magnetic resonance imaging has been used to detect 
anomalies, but these may not correlate with symp-
toms.31,32 Functional magnetic resonance imaging may 
show a smaller distance between the fi rst rib and the 
clavicle,33 but the signifi cance remains to be shown. A 
kineradiographic study can detect abnormal movement 
of the structures of the upper aperture,12 but this can be 
detected with clinical tests.24

Somatosensory evoked potentials can document the neu-
rocompressive component of thoracic outlet syndrome 
and provide an objective assessment.34 The theory of the 
“double-crush” syndrome suggests that nerve compres-
sion at one level makes the whole nerve more vulnerable 
to compression injury at another level.35 Symptoms after 
an unsuccessful carpal tunnel operation disappeared af-
ter a fi rst rib excision.36 The double-crush phenomenon 
should be taken into account and neurophysiologic ex-
amination should be performed to exclude more distal 
sites of nerve compression than the thoracic outlet, such 
as nerve entrapment in the carpal tunnel.

FIGURE 91-3. The performance of the cervical rotation–lateral fl exion test. A, The head is rotated away from the side to be examined. B, In this posi-
tion, the neck is tilted forward, bringing the ear toward the chest. If this movement is restricted, the test result is considered positive and is indicative 
of a malfunction of the fi rst rib. A normal free movement indicates a negative test result. (Reproduced with permission of Kustannus Oy Duodecim.)
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Differential Diagnosis

Radiculopathy

Multiple sclerosis

Syringomyelia

Glenohumeral instability

Tumors of the cervical spine

Pancoast tumor

Myofascial pain syndrome in the cervical region

Trapezius strain
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TREATMENT
Initial
After the thorough clinical examination and detailed 
history, what the examining physician suspects to be 
the origin of the symptoms must be explained to the 
patient. Good pain management, not only using pain-
killers but also taking into account sleeping hygiene, 
is important. A multiprofessional team should be 
consulted so that all therapy modalities are taken into 
account. This includes physiatrists, physiotherapists, 
occupational therapists, social workers, and psycholo-
gists; also, there must be a possibility to consult 
specialists in neurology and psychiatry, thoracic sur-
geons, and neurosurgeons.

Rehabilitation
The outcome of conservative therapy varies among dif-
ferent studies. Sällström’s and Celegin’s program brought 
relief in 83% of patients with mild symptoms but in 
only 9% of those with severe symptoms.37 Even a suc-
cess rate of 100% has been reported (a supervised phys-
iotherapy program of graduated resisted shoulder eleva-
tion exercises in eight patients).38 Almost all authors 
have emphasized exercises to improve patients’ posture 
as well as strengthening exercises of the shoulder girdle. 
However, it is very diffi cult to compare the different 

studies because the diagnostic criteria are seldom men-
tioned, the severity of the symptoms varies, and hardly 
ever is the type of therapy described.

Procedures
During the last 20 years, I have recommended and used 
a multidisciplinary approach. The therapy itself starts 
with shoulder exercises, the purpose of which is to re-
store the movement of the whole shoulder girdle and to 
provide more space for the neurovascular structures. 
Restoration of the movement and function of the cervi-
cal spine follows. The exercises that aim to activate the 
anterior, middle, and posterior scalene muscles are the 
most important part (Fig. 91-4). These exercises have 
been shown to correct any malfunction of the fi rst ribs, 
thus normalizing the function of the upper thoracic 
aperture39 and enabling normal movement of the fi rst 
ribs. Stretching of the muscles of the shoulder girdle 
involves the upper part of the trapezius muscles, the 
sternocleidomastoid muscles, the levator scapulae, and 
the small pectoral muscle. Further stretching exercises 
should be administered as needed, depending on the 
clinical fi ndings in the individual case. Strengthening 
exercises for the anterior serratus muscle should be in-
cluded, thus enhancing the stability of the scapula. 
Nerve gliding exercises are used to restore the mobility 
of the nerves.40 The patients should be observed for a 
long time because relapses are common. With use of 

FIGURE 91-4. Normal function of the fi rst ribs and the upper aperture can be achieved by activation of the scalene muscles by the patient. A, The 
patient fi rst activates the anterior scalene muscles by pressing the forehead against the palm, with the cervical spine being all the time in a neutral 
position. B, The middle scalene muscles are activated by pressing sidewards against the palm. The exercises are done fi ve or six times for a duration 
of 5 seconds each and with about 15 seconds between the exercises. The exercises are done on both sides. (Reproduced with permission of Kustannus 
Oy Duodecim.)
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this program, I found that 88.1% of the patients were 
satisfi ed with the outcome, that is, their symptoms had 
either disappeared or were much abated, or the real 
cause of the symptoms had been diagnosed.

Recommendations were carried through during a 2-year 
follow-up period in 87.9% of cases. Of the patients who 
were advised to retire because of symptoms, the primary 
problem was found to be other than thoracic outlet 
syndrome (psychiatric causes, complex regional pain 
syndrome, polyneuropathy, multiple sclerosis, other).41

This has also been stressed in a study.42 Conservative 
therapy is the treatment of choice in thoracic outlet syn-
drome because it is safe and can be implemented as a 
self-treatment program.

If symptoms are not abated despite restored function, 
the differential diagnosis should be reviewed. The fact 
that conservative treatment is tedious and relapses are 
common should not be considered a reason for surgical 
intervention. Surgery is a viable option only if there are 
signs of signifi cant motor loss, atrophy, or vascular 
thrombosis. Psychosocial aspects should always be 
taken into account. It is extremely important to evaluate 
the degree of disability that thoracic outlet syndrome 
symptoms cause in relation to the patient’s life situation 
and psychosocial abilities.

Surgery
Cherington43 stated already in 1991, “It is important for 
surgeons and primary care physicians to be aware of the 
rising tide of scepticism surrounding the diagnosis and 
treatment of the thoracic outlet syndrome.” Scepticism 
is indeed justifi ed for several reasons. The most often 
diagnosed and surgically treated form of thoracic outlet 
syndrome in the United States, disputed neurologic 
thoracic outlet syndrome, has no objective clinical, ra-
diologic, or electrodiagnostic criteria. Adson introduced 
in 1927 scalenotomy as an approach to relieve struc-
tures from compression. Roos presented a transaxillary 
resection of the fi rst rib, and this operation has perhaps 
been the most used approach. Supraclavicular ap-
proaches have also been presented. Some authors claim 
the results of surgical management to be good or excel-
lent in more than 90% of patients. Different studies, 
however, are diffi cult to compare because of the various 
criteria used to assess the outcome. In addition, the 
numbers of patients have ranged from 26 to 1336 and 
the follow-up times from 1 month to 15 years. Some 
authors do not state the follow-up time at all. A com-
bined surgical treatment using transaxillary fi rst rib re-
section and transcervical scalenotomy is said to be more 
effective than either of these alone.44 There have been 
only a couple of studies in which the follow-up exami-
nation was done by independent examiners not in-
volved in the surgical procedure or selection of the 
patients. This seems to affect the results after surgery. 
Among the different operative procedures, scalenotomy 
seems to speed up patients’ retirement.45 Cuetter and 
Bartoszek46 and Lindgren47 have reevaluated patients 
treated unsuccessfully with surgery for thoracic outlet 
syndrome; they found that in each case, another disease 

or functional disturbance explained the patient’s com-
plaints.

Recurrence after unsuccessful procedures may be a dis-
abling and diffi cult problem for patients. This is ex-
tremely tragic in patients who have been found to have 
pulse changes in provocative positions in the absence of 
any other symptoms. Even abnormal electrodiagnostic 
fi ndings before an operation do not predict the out-
come of surgery.48,49 Long-term results of operation for 
thoracic outlet syndrome may be much worse than 
those initially achieved.50 Patients who present with 
poorly systematized neurologic symptoms have poor 
results after surgery and should be denied surgery or at 
least informed that postoperative results may be disap-
pointing.51

POTENTIAL DISEASE COMPLICATIONS
It is very important to detect those patients with post-
traumatic thoracic outlet syndrome. These may present 
with worsening of the symptoms, such as a decrease in 
muscle strength, increase of pain, and tingling in the 
radicular territory, as well as unspecifi c disturbances, 
such as dizziness and face pain. In the case of these 
patients, one must consider surgical options.6 It has 
been said that true neurogenic thoracic outlet syn-
drome is rare. Overdiagnosis of this syndrome results 
from a failure to realize that a wide range of symptoms 
occurs regularly in patients with carpal tunnel syn-
drome and that these are commonly outside the ana-
tomic distribution of the median nerve. The failure to 
recognize this can reinforce abnormal behavior in pa-
tients, particularly when they are subjected to unneces-
sary brachial plexus or ulnar nerve surgery, undertaken 
without neurophysiologic identifi cation of an appro-
priate neurogenic abnormality.52 If not dealt with cor-
rectly, these patients will suffer for long periods of time 
with more than one symptom. These may include 
muscle atrophy, swelling in the supraclavicular fossa, 
abnormal posture, and tendency to faint with certain 
movements. Numbness and clumsiness of the hand is 
the leading symptom, but pain in the occiput-shoulder 
area is an important symptom too.42 These may worsen 
without proper therapy.

POTENTIAL TREATMENT 
COMPLICATIONS
Surgery for thoracic outlet syndrome is not as innocuous 
as it was once thought. Dale53 found that more than half 
of those who reported performing the surgery had en-
countered brachial plexus injuries severe enough to pro-
duce clinical weakness, nearly one fi fth of which were 
permanent. Large numbers of failed thoracic outlet 
syndrome surgery have been reported during the last de-
cades. Brachial plexus lesions, infections, and cases of 
life-threatening hemorrhage have been published. Even 
deaths have been reported. Franklin and colleagues54 re-
ported that 60% of workers were still work disabled 1 year 
after thoracic outlet syndrome decompression surgery.
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DEFINITION
“Pain is an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage, 
or described in terms of tissue damage.”1 Chronic pain 
is defi ned as a pain status that persists beyond a reason-
able expected healing period for the involved tissue. 
Most pain specialists consider a pain disorder to be 
chronic if it persists for 6 months or more despite active 
management. It is called a syndrome because a constel-
lation of symptoms develops in those patients facing 
this chronic pain. This constellation of symptoms is 
listed in Table 92-1.

As many as 50 million Americans suffer from chronic 
pain and are disabled to a certain degree from this con-
dition.2 Chronic pain syndrome is more prevalent in 
women3 by up to twofold in some diagnoses 
(e.g., fi bromyalgia).4 It is often a hidden problem and 
may be an issue that individuals are reluctant to men-
tion to family or friends. This may have an impact on the 
awareness of chronic pain syndrome in the community 
at large. Some authors have reported a higher prevalence 
of chronic pain syndrome in individuals with a history 
of childhood abuse, personality disorder (borderline, 
narcissistic), and lower socioeconomic status.5

Criteria used by the government (Social Security Ad-
ministration) to establish disability on the basis of 
chronic pain are listed in Table 92-2.

Given its unclear pathophysiology and the lack of a de-
fi nitive diagnostic test or successful treatment, chronic 
pain syndrome imposes a challenge to health care pro-
viders. A majority of the patients are often unsatisfi ed 
with the treatment outcomes, leading to psychosocial 

stress, chronic pain behaviors, pain medication seeking, 
and disability.

The most common conditions leading to chronic pain 
syndromes include headaches, repetitive stress injuries, 
back pain, whiplash injury, degenerative joint disor-
ders, cancer, complex regional pain syndrome, shingles, 
fi bromyalgia, neuropathy, central pain, and multiple 
surgeries.2

SYMPTOMS
The primary symptom is pain that is seemingly out of 
proportion to the objective pathophysiologic process. 
The pain may be localized to a body segment, or it may 
be a generalized body pain. In general, pain is consid-
ered subjective, and it cannot be measured directly and 
is diffi cult to validate. The measurement of severity is 
therefore subjective and typically relies on the patient’s 
report as well as functional ability (work, activity of 
daily living, hobbies). The numeric scale (0-10) or the 
visual analogue scale that is used to assess pain often 
does not correctly refl ect the pain intensity, and despite 
adjustments to medical management, the reported pain 
level is unchanged. Because of this, specialists typically 
focus on functional gains, rather than on pain relief, as 
a measure of treatment success.

In chronic pain syndrome, there are often associated pain 
behaviors that help establish the diagnosis. This may in-
clude fear-avoidance behavior, which will result in decon-
ditioning and decline in functional ability for simple 
day-to-day activities.6 Deconditioning will result in in-
creased pain experience by patients when they increase 
their level of activity. Other observable pain behaviors 
include poor posture, abnormal gait (limping), facial gri-
macing, stiff movements, and use of assistive devices that 
have not been medically prescribed (canes, wheelchairs, 
and electric scooters). If the abnormal pain behavior is 
reinforced by health care providers or the patient’s family, 
it will result in chronicity of the symptoms.

Mood and affect disorders including depression, anxi-
ety, emotional instability, and anger are the commonly 
associated symptoms in patients with chronic pain 
syndrome.7 Some studies have reported up to fourfold 

Synonyms
Chronic pain disorder
Intractable pain

ICD Code
338.4 Chronic pain syndrome
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increased depression in patients with chronic back 
pain.8 Chronicity of the pain, lack of clear etiology, 
and poor treatment outcomes contribute to the emo-
tional aspect of this disorder. Pure management of the 
pain without addressing the psychosocial component 
often results in poor outcomes and further suffering. 
Part of the reasonable success associated with the mul-
tidisciplinary pain programs is related to management 
of the psychosocial component of the chronic pain 
syndrome. Associated symptoms and signs of chronic 
pain syndrome including emotional and psychosocial 
disorder components are listed in Table 92-1.

Insomnia is a common complaint of patients with 
chronic pain syndrome. Studies have shown that in-
somnia severity ratings contribute to the prediction of 
pain severity.9 The insomnia associated with chronic 
pain needs to be anticipated and treated. As with any 
symptom of a chronic pain syndrome, one should at-
tempt to treat the sleep disruption in conjunction with 
proper treatments of the chronic pain. Many behavioral 
and psychological approaches to chronic pain treat-
ment will also help with the symptoms of sleep disor-
der. Sleep-inducing medications can be used if other 
types of treatment do not work. Hypnotics are com-
monly used for this purpose. Special attention needs to 
be paid to the elderly with chronic pain and insomnia. 
The increased risk of medication side effects is statisti-
cally signifi cant and potentially clinically relevant in 
older people at risk for falls and cognitive impairment. 
In people older than 60 years, the benefi ts of these 
drugs may not justify the increased risk, particularly if 
the patient has additional risk factors for cognitive or 
psychomotor adverse events.10

PHYSICAL EXAMINATION
Because chronic pain syndrome is a diagnosis of exclu-
sion, physical examination is directed toward identifi ca-
tion of abnormalities that may be treatable.

One of the most important parts of the physical examina-
tion is the observation of body motion, gait, posture, and 
facial expression and documentation of abnormal pain 
behaviors. It is not uncommon to fi nd pain behaviors that 
appear to be exaggerated compared with the pathophysi-
ologic process and physical examination fi ndings.

Regardless of the presentation or duration of pain, a 
systematic and detailed musculoskeletal and neurologic 
examination needs to be conducted. There are chal-
lenges specifi c to examination of painful limbs or body 
area; but with experience, results of the examination 
often will be satisfactory. If the chronic pain syndrome 
follows an injury, focused examination of the injured 
body part is needed.

On physical examination of the patient with chronic pain 
syndrome, if it is done repeatedly, inconsistencies may be 
found. Redirecting the patient’s attention while repeating 
some of the examination may alter your fi ndings and 
point to pain behaviors. For example, diffuse tender 
points may not be tender if the patient’s focus is diverted. 
Another example is a negative result of the seated straight-
leg test (patients are less knowledgeable about it) versus a 
positive result of the supine straight-leg test in the same 
patient. Often, give-away weakness is demonstrated in 
patients with chronic pain or a nondermatomal pain pat-
tern, or numbness is identifi ed on physical examination.

There are diagnosis-specifi c examination fi ndings that 
may be noted. For example, chronic pain related to 
complex regional pain syndrome may be associated 
with allodynia to touch, hyperemia, decreased range 
of motion, and abnormal hair and nail growth, consis-
tent with the diagnosis. This may be found in the area 
of the initial injury or in a different limb or body part. 
Depending on the complaint, examination of other 
systems, including gastrointestinal, urologic, and re-
productive, may be indicated.

FUNCTIONAL LIMITATIONS
Typically, there is a disproportionate loss of function in 
patients with chronic pain syndrome when it is matched 
to the injury and the stated age. The fear-avoidance be-
havior may promote further loss of function. This re-
sults in patients’ reducing their daily activities to avoid 
pain. This leads to further loss of function, hence de-
conditioning. Deconditioning in turn results in an in-
creased perception of pain, reduced quality of life, and 
further psychosocial stress and disability.

DIAGNOSTIC STUDIES
Diagnostic studies performed in chronic pain syndrome 
are indicated to rule out undiagnosed causes that may be 
treatable. The results of such studies are often inconclusive 

TABLE 92-1  Common Associated Symptoms 
and Signs in Chronic Pain Syndrome

Depression Sleep disorders

Anxiety Irritable bowel

Emotional lability Cognitive diffi culty (memory, concentration)

Chronic fatigue Pain behaviors

Medication seeking Dramatization of symptoms

“Doctor shopping” Legal action—secondary gain

TABLE 92-2  Criteria for Disability Based on Chronic 
Pain*

Six months of intractable pain

Limited daily activities secondary to pain

Excessive use of medication and medical services

Behavioral changes including depression and anxiety

Lack of clear relationship of pain to organic disorder

History of multiple diagnostic tests, unsuccessful treatments, and 
surgeries

*Used by Offi ce of Disability, Social Security Administration. All criteria 
must be met.
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TREATMENT
Initial
The initial treatment focuses on management of the 
pain and improvement of function. In review of the 
literature, numerous studies suggest a multidisciplinary 
approach for management of chronic pain syndrome.12,13

These studies show that multidisciplinary treatments of 
chronic pain are superior to no treatment as well as to 
single-discipline treatments, such as medical treatment 
or physical therapy. The effects appeared to be stable 
over time, and the benefi cial effects of multidisciplinary 
treatment were not limited to improvements in pain but 
also extended to variables such as return to work and 
use of the health care resources.

Members of the multidisciplinary treatment team in-
clude a pain specialist, a mental health team, a physical 
therapist, an occupational therapist, the primary care 
provider, and the patient. Ideally, the rehabilitation 
component is 2 to 3 hours each day, three times per 
week, for 6 to 12 weeks. In addition, patients will see 
mental health counselors weekly and are monitored 
every 2 weeks by the pain specialist who is overseeing 
the entire care. Components of a multidisciplinary man-
agement include the following.

Education of the Patient

It is crucial for the patients dealing with chronic pain 
syndrome to be educated in the complexity of the disor-
der and possible factors affecting its management. It is 
important for the patients to be clear about their role in 

the treatment plan. Both patient and family should 
have a good understanding about the multifactorial 
nature of it and the benefi ts of a multidisciplinary man-
agement plan. Education of the patient should be done 
by all parties involved in care, including the primary 
care provider, pain specialist, pain interventionalist, re-
habilitation team, and psychiatry or psychology team.

Mental Health Treatment

Psychological interventions help patients fi nd ways to 
accept this chronic condition and to adjust to it. The 
focus of the mental health counseling is to work on 
pain behaviors and to educate patients about the ad-
verse consequences of this atypical behavior. Patients 
need to understand that negative thoughts stemming 
from pain will infl uence mood, behavior, sleep, and the 
chronicity of the pain.

Individual or group treatment may include electro-
myographic biofeedback, relaxation training, coping 
mechanism, clinical hypnosis, and cognitive therapy 
techniques.14 These may result in improved ability to 
manage pain.

Advanced psychological or psychiatric treatments may 
include pharmacologic interventions to address emo-
tional problems, affect disorders, anxiety disorders, sleep 
disturbances, and panic attacks.15 Common pharmaco-
logic substances used to address psychological disorders 
in chronic pain syndrome are listed in Table 92-3.

If opioid management is being considered in chronic 
pain syndrome, a consultation with a pain psychologist 
is indicated to determine risk of future abuse.

Medications

In chronic pain syndrome, pain killers and adjunct 
medication are not able to eliminate pain, but the anal-
gesic effect may lead to increased function, augmented 
rehabilitation outcomes, restored sleep, and improved 
mood. The most commonly used pain medications and 
adjunct pharmaceutical substances in chronic pain syn-
drome are listed in Table 92-4.

Use of these medications needs to be directed by pain 
specialists, monitored often and adjusted if necessary. 
Short-term use of medications for pain is rarely worri-
some, but prolonged use may increase the possibility of 
adverse reactions, including gastrointestinal side effects, 

Differential Diagnosis

Somatoform disorders

Somatization disorder: in addition to pain, patients 
have gastrointestinal, pseudoneurologic, and sexual 
complaints

Conversion disorder: dramatic loss of voluntary motor 
or sensory function (e.g., inability to walk, sudden 
blindness, paralysis); no evidence that the symptom is 
feigned or intentionally produced; loss of function is 
not due to medical illness

Hypochondriasis

Malingering

or negative. Unless the presentation of symptoms has 
changed, repetition of previous testing is of no value. Di-
agnostic testing may include laboratory work, electrodiag-
nostics, and imaging studies. Equally important is psycho-
logical testing. The Minnesota Multiphasic Personality 
Inventory is the most common psychological test used in 
patients with chronic pain and has been shown to help 
understand the psychological impact on individuals with 
chronic pain.11

TABLE 92-3  Common Medications Used to Address 
Psychological Issues in Chronic Pain 
Syndrome

Antidepressants Amitriptyline, nortriptyline, clonazepam, ven-
lafaxine, citalopram, fl uoxetine, bupropion, 
escitalopram, sertraline

Anxiolytics Lorazepam, clonazepam, oxazepam, diazepam, 
alprazolam, buspirone

Mood stabilizers Divalproex, lithium, gabapentin
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internal organ damage, balance issues, and memory or 
concentration disturbances.

Use of opioid analgesics, although controversial, is 
fairly common. Opioid analgesics must be used with 
utmost caution and with understanding of the chal-
lenges related to chronic opioid management as well as 
all the social stigma attached to them. The author rec-
ommends an opioid contract and involvement of the 
primary care provider in decision-making.

Rehabilitation
A major component of the multidisciplinary approach 
to chronic pain syndrome is involvement of the reha-
bilitation team, including physiotherapy and occupa-
tional therapy. The rehabilitation team will work with 
the patient to establish a structured day, which includes 
daily exercises. The duration of treatment may be slightly 
longer than average for painful musculoskeletal issues 
(e.g., tennis elbow or degenerative joint disease). This 
population of patients starts from a lower functional 
level, which contributes to a prolonged rehabilitation 
care that may take as long as 12 weeks.

The basic exercise structure will include stretching ac-
tivities, progressive strengthening (light weight train-
ing), and aerobic exercise training. The focus will be on 
body mechanics, postural corrections, restoration of 
function, modifi cation of maladaptive behaviors, and 
provision of pain relief by incorporation of modalities 
(heat, ice, ultrasound) and relaxation techniques. Deep 

tissue massage, myofascial release, Pilates, Tai Chi, and 
yoga may be helpful in symptomatic relief. Self-
directed swimming is also of some value. The challenge 
for the rehabilitation team remains the fear-avoidance 
behavior.

Inpatient Rehabilitation Care

Inpatient care is rarely needed for management of 
chronic pain syndromes. The criteria commonly used for 
admission into an inpatient unit are listed in Table 92-5. 
In the managed care era, obtaining approval for this 
method of care is diffi cult.

Procedures
On occasion, specifi c procedures are helpful to patients 
with chronic pain syndrome. This is especially true if 
previous medical care has insuffi ciently addressed the 
need for a specifi c intervention. Once relative pain relief 
is achieved, tapering of the pain medications as well as 
advancement in the rehabilitation regimen is a must. 
Procedures that may be tried include neuraxial blocks, 
facet injections, radiofrequency ablation, sacroiliac 
blocks, paravertebral blocks, large joint injections, trig-
ger point injections, and infi ltration of infl amed bursa 
or tendons. Medical acupuncture may be considered 
among these interventions.

Surgery
There is a limited indication for surgery in chronic pain 
syndrome. If the pain generator is identifi able and mod-
ern surgical methods are available to treat it, this 
method may be indicated. There is a potential for con-
tinued pain despite surgical care.

POTENTIAL DISEASE COMPLICATIONS
Signifi cant disability secondary to pain as well as sui-
cidal ideation or attempt (secondary to psychosocial 
comorbidities) may complicate the clinical picture.

POTENTIAL TREATMENT 
COMPLICATIONS
Medication side effects are expected in a certain per-
centage of patients who take them. These side effects 
are specifi c to the class of medication. In the case of 

TABLE 92-4  Common Analgesics and Adjunct 
Medications Used in Chronic Pain 
Syndrome

Nonsteroidal analgesics Salicylates: aspirin 
Arylalkanoic acids: diclofenac, 

etodolac, indomethacin, 
nabumetone 

Arylpropionic acids: ketoprofen, 
ibuprofen, naproxen

Oxicams: piroxicam, meloxicam 
Coxibs: celecoxib

Opioid medications Codeine, meperidine, propoxy-
phene, hydrocodone, hydromor-
phone, morphine (short and long 
acting), oxycodone (short and 
long acting), methadone, fentanyl

Partial mu-opioid agonist 
and kappa-opioid 
receptor antagonist 

Buprenorphine

Adjunct medications Antiseizure medications: pregabalin, 
gabapentin, lamotrigine, 
topiramate, clonazepam 

Antidepressants (see Table 92-3)

Sedatives Benzodiazepines: temazepam, 
diazepam, lorazepam 

Nonbenzodiazepines: eszopiclone, 
zaleplon, zolpidem

TABLE 92-5  Criteria for Inpatient Care for Management 
of Chronic Pain Syndrome

Major functional disabilities secondary to pain

Extensive disruption in family functioning due to pain

Patient needs temporary removal from a detrimental home situ-
ation to refocus his or her life away from the pain

Need for extensive psychological or behavioral therapy
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opioids, the potential for tolerance, dependency, and 
abuse exists.

Rehabilitation intensity disproportionate to the func-
tional status of the patient may lead to dissatisfaction 
and poor compliance, which encourages fear-avoidance 
behavior.

 7. Currie SR, Wang J. Chronic back pain and major depression in the 
general Canadian population. Pain 2004;107:54-60.

 8. Sullivan MJ, Reesor K, Mikail S, Fisher R. The treatment of de-
pression in chronic low back pain: review and recommendations. 
Pain 1992;50:5-13.

 9. Wilson KG, Eriksson MY, D’Eon JL, et al. Major depression and 
insomnia in chronic pain. Clin J Pain 2002;18:77-83.

 10. Jennifer G, Krista L, Nathan H. Sedative hypnotics in older peo-
ple with insomnia: meta-analysis of risks and benefi ts. BMJ 
2005;331:1169-1173.

 11. Deardorff WW, Chino AF, Scott DW. Characteristics of chronic pain 
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12. Flor H, Fydrich T, Turk DC. Effi cacy of multidisciplinary pain 
treatment centers: a meta-analytic review. Pain 1992;49:221-230.

13. Lang E, Liebig K, Kastner S, et al. Multidisciplinary rehabilitation 
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DEFINITION
Complex regional pain syndrome (CRPS) is a pain syn-
drome that occurs most often in an extremity in associa-
tion with abnormal autonomic nervous system activity 
and trophic changes. The disorder has both nociceptive 
and neuropathic features and is characterized by persis-
tent pain, allodynia or hyperalgesia, edema, alterations 
in skin blood fl ow, and sudomotor dysfunction.1 In 
most cases, the syndrome is preceded by an inciting nox-
ious event, trauma, or immobilization.2

The classifi cation of CRPS I versus CRPS II depends on 
the presence or absence of nerve injury, as follows: in 
CRPS I, there is no known nerve lesion; in CRPS II, there 
is nerve injury.3 However, the pain that develops, which 
is typically severe, deep burning pain, is vastly out of 
proportion in duration, distribution, and severity to the 
pain that is expected from the initiating injury.4 When it 
is left untreated, permanent hair and nail loss, muscle 
and skin atrophy, and chronic pain may result. In addi-
tion, when it is severe, the disorder may spread to other 
body areas, including the contralateral limb.5

The incidence of CRPS has been estimated at approxi-
mately 5.5 per 100,000.6 The underlying pathophysio-
logic mechanism of the disease remains incompletely 

understood at this time. An exaggerated infl ammatory 
response is believed to play a major role, particularly in 
the early phases of the disease course.7 Alternatively, 
autonomic dysregulation with an overly active sympa-
thetic nervous system has been thought to account for 
the ongoing symptoms. In addition, the site of dysfunc-
tion is still unclear, with both central and peripheral 
mechanisms proposed.8

Refl ecting this lack of clarity, many terms and defi nitions 
have been used to describe the syndrome since its fi rst 
report by Silas Weir Mitchell, a Civil War surgeon, from 
his study of gunshot wounds. Previous terms include 
causalgia, shoulder-hand syndrome, and, most com-
monly, refl ex sympathetic dystrophy. The term sympa-
thetic was more recently thought to be inaccurate because 
of lack of response of a signifi cant number of patients to 
sympathetic blockade, and the disorder was renamed 
CRPS by consensus of the International Association for 
the Study of Pain in 1994.9 This terminology is meant to 
emphasize the complexity of the disorder in regard to its 
pathogenesis and manifestations. The International As-
sociation for the Study of Pain established the following 
four criteria that must be present for a clinical diagnosis 
of CRPS to be made9:

 ● Preceding noxious event without (CRPS I) or with 
obvious nerve lesion (CRPS II).

 ● Spontaneous pain or hyperalgesia-hyperesthesia 
not limited to a single nerve territory and dispro-
portionate to the inciting event.

 ● Edema, skin blood fl ow (temperature) or sudo-
motor abnormalities, motor symptoms, or tro-
phic changes are present on the affected limb, in 
particular at distal sites.

 ● Other diagnoses are excluded.

The disorder has been classically divided into three 
stages, which are useful descriptively.10 However, the 
syndrome may not always follow this stepwise progres-
sion. The stages of CRPS are described as follows:

 ● Stage 1: severe pain; pitting edema; redness; warmth; 
increased hair and nail growth; hyperhidrosis may 
begin; osteoporosis may begin.

 ● Stage 2: continued pain; brawny edema; periarticu-
lar thickening; cyanosis or pallor; livedo reticularis; 
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Synonyms
Refl ex sympathetic dystrophy
Post-traumatic dystrophy
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coolness, hyperhidrosis; increased osteoporosis; 
ridged nails.

 ● Stage 3: pallor; dry, cool skin; atrophic soft tissue 
(dystrophy); contracture; extensive osteoporosis.

SYMPTOMS
The hallmarks of CRPS are symptoms, particularly pain, 
that are disproportionately severe given the underlying 
trauma that led to their onset and that tend to spread 
distally from the site of original injury in the affected 
limb.4 The hand is the most common site of involve-
ment with spread to the wrist and forearm, followed by 
the foot and ankle.11 Further, the symptoms will, by 
defi nition, not be confi ned to a particular nerve terri-
tory. Although there is no obvious nerve lesion in CRPS 
I, the symptoms that develop have neuropathic features. 
Symptoms include burning spontaneous pain experi-
enced in most of the cases in the deep tissues of the 
distal part of the affected limb. The majority will have 
sensory disturbances in a stocking-glove distribution or 
on the palmar surfaces of the hands or feet. The most 
common description of the pain will be deep burning, 
tearing, or stinging that is constant rather than lancinat-
ing. Patients with CRPS will typically experience severe 
stimulus-evoked pains to deep mechanical pressure, ap-
plication of heat or cold, and sharp stimulation. Pain 
will commonly be elicited with movement of joints, by 
wearing of clothes, or with contact of sheets or blankets. 
Hypoesthesia and hypoalgesia have been found in 50% 
of patients with CRPS I, occurring on the entire half of 
the body or in the associated quadrant on the same side 
as the affected limb. In these patients, quantitative sen-
sory testing has shown that the thresholds to mechani-
cal, cold, warmth, and noxious heat stimuli are higher 
on the affected side of the body than on the unaffected 
side, supporting the clinical fi nding of decreased sensa-
tion.12 In some cases, the symptoms of CRPS can spread 
beyond the initially affected limb and cause mirror-
image pain in the contralateral limb or even spread to 
affect all four limbs.

Other common symptoms include proximal muscle pain 
in the affected limb, often associated with myofascial 
dysfunction. Mood disturbance is common in the chronic 
stages of the illness. Early in the disease course, patients 
tend to be euthymic because they expect to get well. From 
2 to 6 months of disease progression, patients may begin 
to become anxious; and by 6 months, all patients will 
exhibit varying degrees of depression, sleep disturbance, 
and anxiety. The key point is that although mood distur-
bance is common in CRPS, it does not predate the dis-
ease and in fact can be viewed as an appropriate response 
to a progressive, unremitting pain disorder.2

PHYSICAL EXAMINATION
Although the original International Association for the 
Study of Pain criteria required only history and subjective 
symptoms for a diagnosis of CRPS to be made, recent 
consensus guidelines developed by experts have argued 
for the inclusion of objective physical fi ndings.2 Sensory, 

motor, and autonomic dysfunction should be thoroughly 
investigated during the physical examination.

Autonomic disturbances are common; the majority of 
patients have side-to-side differences in the temperature 
of the limbs. Skin temperature of the affected limb will 
depend on the chronicity, with temperature increase in 
acute stages and temperature decrease in chronic stages. 
Temperature increase in the acute stages is associated 
with skin that is white or reddish and with more swell-
ing; temperature decrease in the chronic stage is associ-
ated with cyanotic, bluish skin and more atrophy.13

Other fi ndings include sweating abnormalities and tro-
phic changes, with nail and hair growth in the acute stage 
and hair loss and nail brittleness in the later stages.

Motor disturbances are often overlooked in CRPS but 
are a predominant feature. Approximately 70% of pa-
tients with CRPS have muscle weakness of the affected 
limb, exaggerated tendon refl exes or tremor, irregular 
myoclonic jerks, and dystonic muscle contractions.14

This muscle dysfunction is frequently associated with 
signifi cant loss of range of motion of the distal joints. In 
performing the sensory component of the examination 
for CRPS, special attention should be focused on the 
distal extremity. Because of the common fi nding of 
regional neuropathic and motor dysfunction, it is still 
important to broaden the examination both proximally 
and contralaterally.

For proper assessment of the range of presentations in 
CRPS, light touch, pinprick, temperature, and vibration 
sensation should be assessed. Sensory defi cits of one mo-
dality, such as loss of pinprick sensation, often accompany 
exaggerated positive responses to another modality, such 
as pain with light touch. To help distinguish symptom 
amplifi cation from reliable sensory dysfunction, there 
should be clear and repeatable fi ndings in the affected 
area, while the subject is able to respond normally to ex-
amination of an unaffected area. In addition to fi ndings of 
allodynia (pain in response to an innocuous stimulus, 
such as light touch or brush with a cotton swab) and hy-
peralgesia (exaggerated pain in response to a painful 
stimulus, such as pinprick or deep pressure), signs of cuta-
neous C-fi ber dropout should be sought. This can be ac-
complished by applying hot water in a plastic bag over the 
skin and comparing the time it takes for the affected limb 
to be withdrawn with an unaffected area. When loss of C 
fi bers has occurred, the withdrawal latency will be pro-
longed. Summation can be assessed by repeated applica-
tion of the same pinprick stimulus with equal force and 
asking the patient to report any change in pain intensity. 
The normal nervous system tends to accommodate to 
repeated painful stimuli, whereas an individual with a 
facilitated nervous system may report increasing pain.

Findings of autonomic dysfunction, such as abnormal 
skin temperature, local areas of cutaneous trophedema, 
and hair loss, should be evaluated. In addition to check-
ing for weakness and diffi culty with initiation of motion 
in the affected limb, regional muscle irritability should 
be assessed. Specifi cally, the examination should look for 
trigger points, spontaneous muscle fasciculations, and 
cramps in the supporting muscles of the limb. Tendon 
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FUNCTIONAL LIMITATIONS
Chronic pain leads to the well-known syndrome of decon-
ditioning, sleep disturbance, anxiety, and depression. With 
inadequate treatment, all aspects of the patient’s life are 
affected, often with devastating social, recreational, fi nan-
cial, and vocational consequences. In addition, limb con-
tracture and loss of strength may lead to diffi culty in am-
bulation and basic and advanced activities of daily living.

DIAGNOSTIC STUDIES
CRPS is primarily a clinical diagnosis. However, several 
diagnostic studies may be helpful in its evaluation and to 
rule out other pathologic processes. For example, skin 
temperature can be measured by Doppler fl owmeter and 
infrared thermography; sweat output can be assessed by 
quantitative sudomotor axon refl ex testing; cutaneous 
blood fl ow can be measured by vital capillaroscopy; and 
coexisting nerve injury and muscle fi ber loss can be quan-
tifi ed by electromyography and nerve conduction stud-
ies.15 Imaging has historically been used to exclude other 
diagnoses. Plain fi lms are usually normal except in ex-
treme cases, in which demineralization can occur (Sudeck 
atrophy). Magnetic resonance imaging may demonstrate 
marrow edema, soft tissue swelling, and joint effusion. 
The classic fi nding on bone scintigraphy is increased peri-
articular activity in the affected limb.16 The sensitivity and 
specifi city of three-phase bone scintigraphy are vari-
able.17,18 Although an abnormal fi nding on bone scan 
can confi rm the clinical diagnosis of CRPS, the condition 
cannot be ruled out by a normal study.

A study of brain single-photon emission computed to-
mography in a small sample of patients with CRPS re-
vealed increased regional cerebral blood fl ow in the 
contralateral thalamus in patients with acute CRPS and 

decreased contralateral thalamic regional cerebral blood 
fl ow in patients with chronic CRPS.19 Further research 
into the use of nuclear imaging in the evaluation of 
CRPS is needed.

TREATMENT
Initial
Early in the disease, treatment should focus on aggres-
sive interventional management to control pain and to 
restore function (see the section on procedures).

Medications play an essential role in the treatment of 
CRPS, in both the acute and the chronic phases. The 
following principles should be applied in prescribing 
drugs for this condition:

 ● Minimize side effects.
 ● Minimize medications that could cause depen-

dency.
 ● Avoid cognitive impairment.
 ● Avoid organ toxicity.
 ● Use rational polypharmacy, when appropriate, 

directed at different components of the pain.

In choosing medications, the fi ndings of the examina-
tion together with a basic understanding of the mecha-
nisms of actions of the various drugs can provide some 
structure to treatment.20 For example, better medication 
selection can be made if one can use, within reason, 
clinical fi ndings and history to distinguish the underly-
ing physiologic mechanism (Table 93-1).

With this approach, a patient with signs and symptoms 
suggestive of a sensitized peripheral nociceptor may re-
spond better to a topical lidocaine patch, mexiletine, or 
an anticonvulsant with known sodium channel blocking 
properties, such as topiramate or lamotrigine, rather 
than gabapentin. In general, most patients with CRPS 
will have some combination of symptoms and signs in 
all four classes; therefore, rational polypharmacy often 
makes sense. A summary of pharmacologic treatment 
options available for neuropathic pain is presented in 
Table 93-2. Many of these medications have not been 
specifi cally studied in CRPS.

Differential Diagnosis

Cellulitis

Lymphedema

Occult or stress fracture

Acute synovitis

Septic arthritis

Septic tenosynovitis

Upper or lower limb venous thrombosis

Scleroderma

Plexitis, peripheral neuropathy

refl exes may be increased, and presence of a tremor 
should be noted. Finally, measurement of passive and 
active range of motion of the joints in the affected limb 
is important; this information can be used as objective 
fi ndings to be modifi ed with rehabilitation.

TABLE 93-1  Physical Findings and Associated 
Underlying Physiologic Mechanism

Physical Finding Physiologic Mechanism

Hyperalgesia Sensitized peripheral nociceptor

Summation of 
sensory input

Altered central processing of pain 
(wind-up)

Allodynia, segmen-
tal widening of 
pain, or bilateral 
fi ndings 

Loss of descending pain modulation and 
loss of inhibitory neurons in the dorsal 
horn with C-fi ber dropout and 
phenotypic switching of A-B fi bers

Trophedema, 
temperature 
changes

Altered sympathetic function or 
responsiveness
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TABLE 93-2 Pharmacologic Treatments of Neuropathic Pain (Signifi cant Adverse Events)

Drug Starting Dose Dose Range
Usual Dose 
Schedule

Major Drug Class and Drug-Specifi c 
Characteristics and Issues

Antidepressants

Tricyclic 
antidepressants

Prolonged QT interval, urinary retention, sedation

Amitriptyline 10 mg 10-150 mg Once in the evening More AEs

Nortriptyline 10 mg 10-150 mg Once in the evening Moderate AEs

Desipramine 10 mg 10-150 mg Once in the evening Fewer AEs

SSNRIs Sleep disturbance, sexual dysfunction

Venlafaxine 37.5 mg 150-375 mg Once or twice a day

Duloxetine 20 mg 40-60 mg Once or twice a day

SSRIs Serotonin syndrome, impotence

Paroxetine 10 mg 20-60 mg Once a day

Citalopram 10 mg 20-60 mg Once a day

Other

Bupropion 100 mg 200-400 mg Once or twice a day Agitation, tachycardia, seizures
All cause some degree of cognitive impairment

Anticonvulsants

Carbamazepine 200 mg 1000-1200 mg Twice a day Highly protein bound, liver metabolism 
AEs: aplastic anemia, hepatic

Oxcarbazepine 300 mg 1200-2100 mg Twice a day Moderately protein bound, liver metabolism 
AEs: leukopenia, thrombocytopenia

Valproic acid 250 mg 500-1000 mg Twice a day AEs: hepatic failure, thrombocytopenia, pancreatitis

Phenytoin 100 mg 300-500 mg Once a day AEs: gum hypertrophy, osteomalacia, lymphadenopathy, 
hepatotoxicity, blood dyscrasias

Gabapentin 100 mg 1800-3600 mg 3 or 4 times a day �3% protein bound, not metabolized 
AEs: cognitive

Lamotrigine 25 mg 200-600 mg Once or twice a day Moderately protein bound, liver metabolism 
AEs: Stevens-Johnson syndrome, paresthesias

Topiramate 25 mg 100-800 mg Once or twice a day 17% protein bound, minimal liver metabolism 
AEs: cognitive, renal stones, glaucoma

Levetiracetam 250 mg 1000-3000 mg Once or twice a day �10% protein bound, minimal liver metabolism 
AEs: cognitive

Tiagabine 2 mg 4-56 mg 2 to 4 times a day Highly protein bound, liver metabolism 
AEs: cognitive; may improve sleep architecture

Clonazepam 0.5 mg 1.5-20 mg 1 to 3 times a day AEs: cognitive, blood dyscrasias

Pregabalin 50 mg 150-450 mg 3 times a day AEs: cognitive

Antiarrhythmic

Mexiletine 150 mg 300-1200 mg Twice a day AEs: gastrointestinal, hepatic, arrhythmia 
Hypotension, sedation

Alpha2 agonists

Clonidine 0.1 mg 0.3-2.4 mg 1 to 3 times a day Hepatic

Tizanidine 2 mg 8-36 mg 1 to 3 times a day Hepatic

Nonopioid analgesic

Tramadol 50 mg 150-400 mg 3 or 4 times a day Risk of serotonin syndrome with use of SSRIs, tricyclic 
antidepressants

Topical agents

Lidocaine 5% Up to 3 
patches

12 hours Potentiates cardiac toxicity from mexiletine

Capsaicin 0.075% 3 times a day Rash

Doxepin 5% 3 times a day Potential systemic side effects similar to tricyclic 
antidepressants

 AEs, adverse events; SSNRIs, selective serotonin-norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors.
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The tricyclic antidepressants are traditional choices in 
neuropathic pain disorders with good evidence to sup-
port their use for neuropathic pain.2 Their sedating side 
effects are additionally useful in chronic pain condi-
tions in treatment of associated sleep disturbance. 
The tricyclic antidepressants appear to have some effi -
cacy in treatment of CRPS, although they have not been 
properly studied in this disorder. A reasonable regimen 
is to start with amitriptyline at a dose of 10 mg at bed-
time with a titration schedule based on patient response 
up to 75 to 150 mg at bedtime.

Antiepileptic agents are some of the best-studied agents 
for neuropathic pain, and strong evidence demonstrates 
their effectiveness. These agents appear to be promising 
in the treatment of CRPS. Gabapentin has been shown 
to be effective in large, randomized controlled trials for 
other neuropathic pain disorders, and a case series sug-
gests its effi cacy in CRPS.21 Dosing is typically started at 
300 mg at bedtime with gradual titration to a maximum 
dose of 1200 mg three times a day (3600 mg daily). 
Phenytoin and carbamazepine in their usual doses have 
both been used in the treatment of CRPS with some suc-
cess. Lamotrigine has been studied in other neuropathic 
pain conditions and may have some usefulness in the 
treatment of CRPS, but studies are currently lacking.

Oral corticosteroid agents can be particularly effective 
early in the disease when signifi cant infl ammation is 
present, and their use is substantially supported by ran-
domized controlled clinical trials.8 A short course of ste-
roids in the acute stage of the disease may be indicated. 
A regimen of 30 mg daily tapered during 1 to 2 weeks is 
reasonable. Longer courses should be avoided because 
of signifi cant adverse effects, a questionable risk-benefi t 
ratio, and numerous contraindications.

Because of the suspected role of increased sympathetic 
nervous system activity in CRPS, �-adrenergic antago-
nists such as phenoxybenzamine and phentolamine 
have also been used and may be benefi cial in cases of 
sympathetically maintained pain. Phenoxybenzamine 
may be started at a dose of 10 mg two or three times per 
day and increased by 10 mg every 2 days to a maximum 
dose range of 40 to 120 mg daily. The main limiting 
side effect is postural hypotension that can be treated 
with abdominal binders and stockings.

The lidocaine patch, a nonwoven patch containing 5% 
lidocaine, is used topically to deliver medication locally 
to the affected area. It is approved by the U.S. Food and 
Drug Administration for the treatment of postherpetic 
neuralgia and has shown some promise for treatment of 
CRPS.22 In particular, it may be useful in diminishing 
the allodynia frequently associated with this disorder.

Opioids may be useful in the acute stages of CRPS for 
control of pain. However, their use in chronic pain con-
ditions and conditions with neuropathic features re-
mains controversial. One randomized controlled trial 
of controlled-release morphine for the treatment of 
CRPS reported no difference in pain reduction com-
pared with placebo after 8 days of use.23 However, sev-
eral studies have suggested the effi cacy of opioids for 

chronic pain.24 Methadone may be a choice in cases of 
severe neuropathic pain because of its N-methyl-D-
aspartate (NMDA) receptor antagonist activity.25

Other pharmacologic treatment options include cloni-
dine, nifedipine, calcitonin, bisphosphonates, nonster-
oidal anti-infl ammatory drugs, mexiletine, and ket-
amine, applied topically or as intravenous infusion. The 
patient with acute CRPS should have close follow-up 
with treatment aggressively aimed at pain and symptom 
control so that mobilization becomes possible.

Rehabilitation
The goal of interventional strategies and pharmacologic 
treatment is to manage pain so that patients may par-
ticipate in rehabilitation and begin to mobilize the af-
fected limb as early as possible. Stress loading and iso-
metric exercise have shown some benefi t in CRPS.26

Compressive garments are sometimes used to control 
edema and to desensitize the limb but may not be toler-
ated because of pain. Densensitization can sometimes 
be achieved with contrast baths, alternating hot (100°F, 
43°C) and cold (65°F, 18°C) water soaks for several 
minutes. This modality can be taught to patients for 
home use. Transcutaneous electrical nerve stimulation 
has been used with mixed results. Paraffi n baths or fl u-
idized therapy may be benefi cial in the contractures of 
late-stage CRPS. For chronic CRPS, interdisciplinary 
pain programs emphasizing functional restoration are 
often necessary for optimal recovery. The treatment 
team should consist of medical, psychological, and 
physical and occupational therapy services.27 Patients’ 
progress in therapy should be guided by specifi c func-
tional goals. Inability to progress in therapy because of 
pain should be addressed with pharmacotherapy, pro-
cedures, or other pain control modalities. In the setting 
of such programs, patients may also require medica-
tions to control associated sleep disturbance, anxiety, or 
depression to progress in an appropriate manner and to 
regain function.

Procedures
Sympathetic blocks are the traditional and most com-
mon early intervention.28 However, it has become clear 
that patients can be divided by positive or negative re-
sponse to selective sympathetic blockade or blockade of 
the �-adrenergic receptors into those with sympatheti-
cally maintained pain and those with sympathetically 
independent pain.4 Stellate ganglion blocks for upper 
limb and lumbar chain blocks for lower limb symptoms 
can be done by trained anesthesiologists or physiatrists. 
Intrapleural infusion of local anesthetic can alterna-
tively be used to block the sympathetic chain from T1 to 
L2. Bier block procedures, involving the intravenous 
infusion of pharmacologic substances into a limb after 
gravitational drainage of the venous bed, may also 
be used. Depending on the substance infused, this 
can accomplish regional sympathetic blockade with 
guanethidine, sensorimotor blockade with lidocaine, or 
a combination of the two.29 For those patients with 
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sympathetically independent pain, regional sensorimo-
tor blockade with lidocaine should be the early inter-
vention of choice. Such procedures have the possibility 
of achieving rapid and effective pain relief, allowing 
more timely progression in rehabilitation.

In addition to the interventional pain control proce-
dures, which should be used aggressively early in the 
disease course, spinal cord stimulation has been shown 
to be effective for treatment of both CRPS I and CRPS II 
for which other less invasive treatment strategies have 
failed.30

Surgery
Surgical sympathectomy has been advocated when 
chemical block is effective but short lasting. Neurosurgi-
cal dorsal root entry zone ablation is another surgical 
option reserved for chronic severe cases.31

POTENTIAL DISEASE COMPLICATIONS
CRPS can lead to severe chronic pain and its typical se-
quelae. Limb contracture and muscle atrophy can result 
in loss of extremity function and potentially permanent 
disability.

POTENTIAL TREATMENT 
COMPLICATIONS
Adverse effects of pharmacotherapy vary according to the 
medication selected. Because polypharmacy may be nec-
essary, care should be used in selection of interacting 
drugs that do not result in untoward side effects. Long 
courses of corticosteroids can produce signifi cant endo-
crinologic disturbances and should be avoided. Non-
steroidal anti-infl ammatory drugs have well-known ad-
verse effects on the gastric, hepatic, and renal systems. 
Side effects of opioids may be an issue when high doses 
are required to control pain, and tolerance can develop 
with chronic use. Potential complications of stellate gan-
glion block are inadvertent arterial injection and seizures 
or recurrent laryngeal nerve injury.31 Perforation of 
the aorta, vena cava, or kidney can occur during lumbar 
sympathetic block. The most common complications of 
spinal cord stimulation include hardware failure, lead 
migration, infection, and failure to provide pain relief.32
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DEFINITION
The three major primary headache disorders are mi-
graine, cluster, and tension-type headache.1 Although 
all three syndromes are characterized by chronic, recur-
rent, and potentially disabling headaches, specifi c diag-
nosis is important because of differing natural history 
and treatment.

Headache disorders are classifi ed according to criteria 
outlined in the International Classifi cation of Headache 
Disorders (ICHD), originally developed by the Interna-
tional Headache Society in 1988 and revised in 2004.1
Diagnosis of all but a few rare migraine subtypes remains 
clinical, based on the patient’s history and an examina-
tion that rules out secondary causes of headache (not 
covered in this chapter). The ICHD criteria were devel-
oped for research purposes and lack sensitivity when they 
are used in the clinical setting. Both migraine and tension-
type headaches are more common in women than in 
men; cluster headache is generally a male disorder. Peak 

prevalence of migraine occurs during midlife, when it af-
fects almost a quarter of all women and roughly 10% of 
men.2 Recurrent headaches are not rare in children, but 
accurate diagnosis can be diffi cult because headache pre-
sentation in children varies from that in adults, and chil-
dren may have diffi culty describing the headache charac-
teristics needed for a diagnosis to be made.3

Migraine
Migraine is subclassifi ed as migraine without aura (re-
places the older term common migraine; Table 94-1) and 
migraine with aura (replaces the older term classic mi-
graine; Table 94-2). Twenty percent of patients have aura, 
usually preceding the headache, which consists of focal 
neurologic signs or symptoms that begin gradually and 
fade away within 30 to 60 minutes as the headache be-
gins. The most common type of aura involves visual dis-
turbances, such as fi eld cuts and photopsia. Sensory or 
motor problems occur far less frequently. Migraine can 
also be classifi ed as episodic or chronic (more than 
15 migraine attacks per month). Three gene mutations 
have been identifi ed that are associated with a particular 
subtype of migraine with aura known as familial hemi-
plegic migraine. These genes infl uence the stability of 
neuronal cell membranes.4,5

Cluster
Cluster headaches are strictly unilateral headaches that 
are far more common in men than in women. The pain 
is sharp and steady, in contrast to the throbbing pain of 
migraine, and localized to the orbital area. Diagnostic 
criteria require the presence of at least one autonomic 
sign or symptom during the headache, including ipsilat-
eral conjunctival injection, lacrimation, rhinorrhea, 
ptosis, or miosis.

Cluster headache is so called because the headaches oc-
cur regularly in most cases, from one to eight times a 
day, during a period of 2 weeks to 3 months that is re-
ferred to as a cluster episode. The headaches then com-
pletely remit for months or years. In chronic cluster 
headache, there are no headache-free periods, or they are 
less than 2 weeks in duration.6

94Headaches

Elizabeth Loder, MD, MPH

Synonyms
General
Benign headaches
Nonmalignant headache disorder
Migraine
Sick headache
Vascular headache
Cluster
Suicide headache
Alarm clock headache
Histamine cephalgia
Migrainous neuralgia
Autonomic cephalgia
Tension Type
Ordinary headache
Muscle contraction headache
Tension headache

ICD-9 Codes
307.81 Tension headache
346.9 Migraine, unspecifi ed
784.0 Headache
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Patients with cluster headache usually describe alcohol 
intolerance during the cluster episode and generally 
note intense restlessness during the headache.

Tension Type
Tension-type headaches can vary in length from 
30 minutes to 7 days. They are typically bilateral, 
moderate in intensity, and described as a pressing, 
squeezing sensation that is not affected by physical 
activity. Associated symptoms, such as nausea, vomit-
ing, photophobia, and phonophobia, are generally 
not present or are mild.

Tension-type headache is subclassifi ed as episodic 
tension-type headache, which occurs less than 15 days 
per month, and chronic tension-type headache, with 
attacks occurring 15 or more days per month for at 
least 6 months.

Patients with tension-type headache typically do not 
spontaneously report symptoms other than headache. If 
multiple associated symptoms are reported, a diagnosis 
of migraine should be reexamined.

SYMPTOMS
In addition to the aforementioned symptoms that are 
required for diagnosis, many patients with migraine 
report prodromal symptoms: yawning; neck and shoul-
der muscle discomfort; excessive salivation; and changes 
in appetite, mood, sleep, gastrointestinal function, and 
urination. Postdromal symptoms in migraine include 
fatigue, exercise intolerance, and neck and shoulder 
muscle discomfort. If headaches progress untreated, 
80% of patients eventually develop allodynia, defi ned 
as pain in response to stimuli that normally are non-
painful. Once allodynia develops, treatment may be 
less successful.7

PHYSICAL EXAMINATION
The primary headache disorders are diagnosed by his-
tory. With the exception of genetic testing for genes as-
sociated with familial hemiplegic migraine, there are 
currently no laboratory, genetic, or imaging markers 
that confi rm a diagnosis of ordinary migraine with or 
without aura in individual patients. Biomarkers do exist 
that can distinguish subgroups of migraineurs from one 
another or from normal controls.8 The major purpose 
of physical and neurologic examination is to rule out 
the presence of secondary headache disorders. Accord-
ingly, the most important parts of the physical examina-
tion are ophthalmoscopic examination to exclude pa-
pilledema and neurologic examination to exclude other 
abnormalities that might suggest a malignant neo-
plasm, collagen vascular disease, or infectious cause of 
headaches.

Interictally, the physical and neurologic examination 
fi ndings will be normal in primary headache disorders, 
or if another disorder is identifi ed, it must not be causally 

TABLE 94-1  Diagnostic Criteria for Migraine 
without Aura

 A. At least fi ve attacks fulfi lling B–D.

 B. Headache attacks lasting 4–72 hours (untreated or unsuccess-
fully treated).

 C. Headache has at least two of the following characteristics:

 1. Unilateral location

 2. Pulsating quality

 3. Moderate or severe intensity (inhibits or prohibits daily 
activities)

 4. Aggravated by or causes avoidance of routine physical 
activity

 D. During headache at least one of the following:

 1. Nausea and/or vomiting

 2. Photophobia and phonophobia

 E. At least one of the following:

 1. History,  physical, and neurologic examinations do not 
suggest one of the disorders listed in groups 5–11.

 2. History and/or physical and/or neurologic examinations 
do suggest such disorder, but it is ruled out by appropriate 
investigations.

 3. Such disorder is present, but migraine attacks do not occur 
for the fi rst time in close temporal relation to the disorder.

Reprinted with permission from Lipton RB, Newman LC. Migraine. In Kanner R, 
ed. Pain Management Secrets. Philadelphia, Hanley & Belfus, 1997:42-43.

TABLE 94-2  Diagnostic Criteria for Migraine 
with Aura

A. At least two attacks fulfi lling B.

 B. At least three of the following four characteristics:

 1. One or more fully reversible aura symptoms indicating 
focal cerebral cortical and/or brainstem dysfunction.

 2. At least one aura symptom develops gradually over more than 
4 minutes, or two or more symptoms occur in succession.

 3. No aura symptom lasts more than 60 minutes. If more than 
one aura symptom is present, accepted duration is 
proportionally increased.

 4. Headache follows aura with a free interval of less than 
60 minutes. (It may also begin before or simultaneously 
with the aura.)

 C. At least one of the following:

 1. History, physical, and neurologic examinations do not suggest 
one of the disorders listed in groups 5–11.

 2. History and/or physical and/or neurologic examinations 
do suggest such disorder, but it is ruled out by appropriate 
investigations.

 3. Such disorder is present, but migraine attacks do not occur 
for the fi rst time in close temporal relation to the disorder.

Reprinted with permission from Lipton RB, Newman LC. Migraine. In Kanner R, 
ed. Pain Management Secrets. Philadelphia, Hanley & Belfus, 1997:42-43.
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related to the primary headache. Subtle cerebellar signs, 
such as dysmetria and balance abnormalities, have 
been detected in migraineurs compared with normal 
controls, but these are generally not detectable in a 
typical examination.9

If the patient is examined during a headache attack, the 
following points should be specifi cally noted:

 ● Patients experiencing migraine lie quietly, avoid 
movement, and may appear pale and diaphoretic. 
They typically display marked photophobia and 
phonophobia and may be vomiting.

 ● Patients experiencing cluster headache are physi-
cally restless. Head banging and agitation are 
common.10 Autonomic signs should be docu-
mented to confi rm the diagnosis. Between attacks, 
persistent ptosis and conjunctival injection may 
occasionally be seen.

 ● Patients experiencing tension-type headache may 
appear uncomfortable but generally are not inca-
pacitated.

 ● Neck, shoulder, and jaw tightness is common in 
patients with prolonged episodes of all primary 
headache types and does not necessarily represent 
the underlying cause of the headache. In most 
cases, these complaints will improve with appro-
priate treatment of the headache and do not need 
to be treated separately. There is no evidence that 
patients with tension-type headache as a group 
have abnormally elevated muscle tension. In fact, 
electromyographic fi ndings do not have diagnos-
tic or treatment implications in migraine or 
tension-type headache.11 Although biofeedback-
assisted muscle relaxation is clearly of benefi t in 
migraine and tension-type headache, it may exert 
its effect through mechanisms other than muscle 
relaxation.

FUNCTIONAL LIMITATIONS
Quality of life surveys and other data suggest that 
patients with primary headache disorders are more 
functionally impaired than is commonly appreciated. 
Obviously, acute attacks of migraine and cluster head-
ache prohibit function and generally require bed rest 
if untreated. Visual aura can render driving or other 
hazardous activities dangerous or even impossible. 
Tension-type headache does not generally prohibit 
activities but may inhibit them. Patients commonly 
report feeling that they are not functioning at “full 
capacity.”

In many cases, severely affected patients report that fear 
and anxiety about possible attacks lead them to avoid, 
to cancel, or to decline work, social, and academic op-
portunities. The depression that can result from poorly 
controlled headaches also may lead to impaired func-
tion. The functional limitations imposed on many pa-
tients by nonspecifi c sedative treatments for migraine or 
by prophylactic treatments, which can cause fatigue, 
exercise intolerance, weight gain, and depression, are 
underappreciated.

TREATMENT
Initial
Headache treatment consists of nonpharmacologic mea-
sures, lifestyle changes, and abortive treatment of acute 
attacks.12 Prophylactic treatment, in which daily medica-
tion is given to decrease the frequency and severity of 
headache episodes, is reserved for patients who do not 
obtain acceptable relief from abortive therapy or have 
more than two headache attacks a week. Although there is 
some overlap in treatment options among the various 
headache disorders, there are also important differences. 
In particular, cluster headache is often erroneously treated 
for years with migraine medication, to little or no avail.13

Migraine

Lifestyle modifi cation includes regular and adequate 
sleep, avoidance of excess caffeine, avoidance of missed 
meals, avoidance of alcohol (not a trigger for all migraine 

Differential Diagnosis

Migraine
Seizure disorder

Sinus infection

Early subarachnoid hemorrhage

Collagen vascular disorders

Meningitis

Space-occupying central nervous system lesion

Post-traumatic headache

Cluster
Trigeminal neuralgia

Cavernous sinus thrombosis

Central nervous system or ear, nose, or throat tumor

Orbital cellulitis or fracture

Subarachnoid hemorrhage

Dental abscess

Tension Type
Mild or forme fruste migraine attack

Temporomandibular disorder

Space-occupying central nervous system lesion

DIAGNOSTIC STUDIES
The primary headache disorders are clinical diagnoses, 
with the exception of the rare hemiplegic migraine syn-
dromes. In general, imaging studies or laboratory tests 
are done to rule out secondary headache disorders, not 
to rule in primary disorders.
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patients), and regular aerobic exercise. Although it is 
commonly advised, there is no scientifi c evidence that 
avoidance of chocolate, dairy products, or the myriad 
other dietary factors anecdotally implicated in migraine 
is helpful for the majority of patients with migraine. 
Several studies have exonerated various dietary factors 
(e.g., chocolate) as a cause of migraine. In the absence of 
scientifi c evidence to the contrary, it does not seem wise 
to promote food anxieties.

Nonpharmacologic treatment encompasses biofeedback-
assisted relaxation (thermal or electromyographic) and 
acupuncture (weak evidence of benefi t). Physical therapy 
has not been shown to be useful. One trial compared 
physical therapy and medication for migraine with medi-
cation alone; no benefi t was seen with the addition of 
physical therapy.14 If physical therapy is used, it should be 
short term and focus on development of an aerobic or 
other exercise program rather than on passive modalities.

Abortive therapy consists of nonsteroidal anti-
infl ammatory drugs, with or without caffeine; iso-
metheptene compounds (Midrin); opioids, with or 
without aspirin or acetaminophen; barbiturate-
containing compounds (e.g., Fiorinal, Fioricet, Esgic, 
Phrenilin); ergots (e.g., Cafergot, Wigraine, D.H.E. 
45); and triptans (sumatriptan, rizatriptan, zolmitrip-
tan, naratriptan, frovatriptan, eletriptan).

Prophylactic therapy consists of nonsteroidal anti-
infl ammatory drugs; topiramate; � blockers, especially 
propranolol (except those with sympathomimetic activ-
ity); calcium channel antagonists; tricyclic antidepres-
sants, especially amitriptyline; ribofl avin (vitamin B2);
sodium valproate; and selective serotonin reuptake in-
hibitors (weak evidence of benefi t).

Cluster

Lifestyle modifi cation includes alcohol avoidance and 
stress reduction.

Nonpharmacologic therapy employs 100% oxygen; 10 
to 12 liters at headache onset by nonrebreather mask 
for 10 to 15 minutes aborts headache in 80% of 
patients.

Abortive therapy generally must be parenteral because 
headaches are short and onset is sudden. Options in-
clude oxygen, as previously described; dihydroergota-
mine, 1 mg subcutaneously; sumatriptan, 6 mg subcu-
taneously; and parenteral opioids.

Prophylactic therapy includes lithium carbonate; ster-
oids (duration and dose must be limited to avoid side 
effects; principally used while awaiting results from 
other prophylactic medications); verapamil (high doses 
required); sodium valproate (benefi t unclear); methy-
sergide (no longer available in the United States but can 
be obtained from Canada); and topiramate (benefi t 
unclear).

Tension Type

Lifestyle modifi cation includes regular and adequate 
sleep and aerobic exercise.

Nonpharmacologic therapy includes biofeedback (ther-
mal or electromyographic). Physical therapy focuses on 
stretching, strengthening, and development of an exer-
cise program rather than on passive modalities.

Acute therapy consists of nonsteroidal anti-infl amma-
tory drugs and isometheptene combinations (Midrin). 
Potentially sedative or habit-forming opioid or barbitu-
rate-containing compounds should generally be 
avoided.

Prophylactic therapy consists of nonsteroidal anti-
infl ammatory drugs, tricyclic antidepressants, and so-
dium valproate.

Rehabilitation
Patients whose headaches are refractory to currently 
available treatments suffer signifi cant disability. Second-
ary depression and medication overuse may develop, 
along with family dysfunction and poor work perfor-
mance. The development of chronic pain syndrome (in 
which patients develop disability out of proportion to 
the underlying disease, with associated behavioral ab-
normalities) requires interdisciplinary treatment for 
best results. The treatment philosophy, which must be 
accepted by the patient and family, shifts from cure to 
management. Medication reduction, increased “up” 
time and regular physical exercise, involvement in hob-
bies or return to work, and psychological intervention 
all help return the patient to some semblance of normal 
living, despite the persistence of headache.15 Specialized 
headache treatment programs employing an interdisci-
plinary approach can be located by contacting the 
American Council for Headache Education at www.
achenet.org. Inpatient treatment may be necessary for 
patients with severe medication overuse, who require 
special tapering from narcotic or barbiturate drugs, or 
who have associated medical or psychiatric morbidity 
that precludes outpatient treatment. Only a handful of 
such programs exist in the United States.

Procedures
Botulinum toxin injections into the pericranial muscula-
ture are currently under investigation for the treatment 
of chronic daily headaches. Evidence from randomized, 
controlled clinical trials does not support the use of 
botulinum toxin for treatment of intermittent migraine 
or tension-type headache.16 Headaches associated with 
signifi cant pericranial muscle spasm or pain may benefi t 
from localized trigger point injections or occipital nerve 
blocks. Trigger point injections for headache are small-
volume injections into one or more tender or painful 
muscles in the head or neck. The injection may be of a 
local anesthetic alone, such as 0.5 mL of 2% lidocaine, 
or in combination with a steroid, such as 1.5 mL of 
0.5% bupivacaine and 0.25 mL of methylprednisolone 
sodium succinate (Solu-Medrol) 20 mg/mL. Trigger 
point injections may be repeated at 2-month intervals as 
needed.17 Greater occipital nerve block is performed 
by injection of a combination of local anesthetic and 
steroid 2 cm lateral to the occipital protuberance; a 
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common dose is 2 mL of 2% lidocaine with 5 mg of 
triamcinolone.18

Surgery
Ablative surgical procedures on the fi fth cranial nerve 
(radiofrequency, cryotherapy, and alcohol techniques) 
are employed in cases of refractory cluster headache. 
Some women with migraine contemplate oophorec-
tomy, in the belief that elimination of hormonal cycling 
may eliminate migraine. In fact, abrupt surgical meno-
pause seems to worsen, not improve, migraine, and this 
procedure should be discouraged. Closure of patent fo-
ramen ovale is being investigated as a treatment of mi-
graine with aura.

POTENTIAL DISEASE COMPLICATIONS
Inadequately managed headaches can directly or indi-
rectly lead to depression, suicide, analgesic nephropa-
thy, withdrawal seizures, addiction and dependence 
syndromes, unemployment, divorce, and poor progress 
in school and the workplace. Emerging evidence indi-
cates structural brain changes in some patients with 
long duration, poorly controlled migraine attacks.19

These include iron deposition in areas of the brainstem, 
white matter lesions, and reduction in gray matter vol-
ume. Migraine is a risk factor for ischemic stroke and 
may also increase the risk of coronary heart disease. 
Women with migraine are more likely to develop pre-
eclampsia and to suffer postpartum stroke.20

POTENTIAL TREATMENT 
COMPLICATIONS
Possible complications from injections include an al-
lergic reaction to the medication and infection.

Potential complications from cluster headache surgery 
include anesthesia dolorosa, dry eye, and facial anesthe-
sia or weakness. Multiple reactions to medications are 
possible, and the clinician should be aware of the side 
effect profi le for any medications prescribed.

Overuse of symptomatic medications for headache may 
lead to medication overuse headache syndromes that 
can be diffi cult to treat.
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DEFINITION
Fibromyalgia is a syndrome defi ned by chronic wide-
spread pain of at least 6 months’ duration. It is a multi-
system illness associated with neuropsychological symp-
toms including fatigue, unrefreshing sleep, cognitive 
dysfunction, anxiety, and depression. A discrete cause of 
fi bromyalgia has not been identifi ed. Available evidence 
implicates the central nervous system as key in maintain-
ing pain and other core symptoms of fi bromyalgia.1,2

According to the 1990 American College of Rheuma-
tology criteria, a patient must have pain in the axial 
skeleton, pain above and below the waist, and pain to 
palpation in at least 11 of 18 paired tender points 
throughout the body. The majority of patients (80%) 
are women. The prevalence of the condition increases 
with age and is greater than 7% in women older than 
60 years.2,3

SYMPTOMS
Fibromyalgia is characterized by widespread and long-
lasting pain (�3 months) in the presence of tender points 
at specifi c anatomic sites. A series of other symptoms are 
frequently present. These include marked fatigue, stiffness, 
sleep disorders, cognitive disturbances, psychological dis-
tress, temporomandibular joint syndrome, paresthesias, 
headache, genitourinary manifestations, irritable bowel 
syndrome, and orthostatic intolerance.1,4,5

PHYSICAL EXAMINATION
The fi ndings of the general medical and neurologic exami-
nations should be normal. Blood pressure recording for 
orthostatic hypotension is performed. Mood and affect are 

noted. The 18 paired tender points are palpated with ap-
proximately 4 kg/cm2 of pressure. This is just enough pres-
sure to blanch the fi ngernail of the examiner. The patient 
will experience pain at these locations (Fig. 95-1).

In addition, a comprehensive neurologic and musculo-
skeletal examination is performed to rule out super-
imposed pain generators, such as bursitis, tendinitis, 
radiculopathy, and myofascial trigger points.

FUNCTIONAL LIMITATIONS
Patients are limited in their daily activities and exercise 
tolerance by both pain and fatigue. Patients also report 
cognitive dysfunction with diffi culty in concentration, or-
ganization, and motivation. This has been termed “fi bro 
fog.” Approximately 25% of patients with fi bromyalgia 
report themselves disabled and are collecting some form 
of disability payment. Individuals are more likely to be-
come disabled if they report higher pain scores, work at a 
job that requires heavy physical labor, have poor coping 
strategies and feel helpless, or are involved in litigation.6,7

DIAGNOSTIC STUDIES
Fibromyalgia is a clinical diagnosis. For other condi-
tions to be excluded, basic laboratory tests may be ap-
propriate, such as complete blood count, erythrocyte 
sedimentation rate, thyroid-stimulating hormone con-
centration, and creatine kinase activity. Primary sleep 
disorders may need to be identifi ed by sleep studies. 
Radiography or magnetic resonance imaging may be 
indicated if osteoarthritis, radiculopathy, spinal steno-
sis, or intrinsic joint disease is suspected.

Electrodiagnostic studies may be useful if an entrap-
ment neuropathy or radiculopathy is suspected.

TREATMENT
Initial
Initial treatment includes education of the patient, phar-
macologic treatment, gentle exercise, and relaxation 
training. Education of the patient includes individual 

95Fibromyalgia

Joanne Borg-Stein, MD

Synonym
Fibrositis

ICD-9 Code
729.1 Myalgia and myositis, unspecifi ed
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and group classes that review the symptoms of fi bromy-
algia; it reassures the patient as to the generally benign 
course and outlines the treatment path.8-11

Pharmacologic management aims to normalize sleep 
patterns and to diminish pain. Low-dose tricyclic anti-
depressants at bedtime (e.g., amitriptyline, 10 to 25 mg) 
with low-dose selective serotonin reuptake inhibitors 
(e.g., fl uoxetine, 20 mg every morning) is an excellent 
combination. The combination works better than either 
medication alone. Studies demonstrate that treatments 
affecting levels of norepinephrine and serotonin have 
the greatest impact on important symptoms, including 
pain and sleep.3,4 The serotonin-norepinephrine reup-
take inhibitors venlafaxine and duloxetine demonstrate 
benefi t in patients with fi bromyalgia.11-13

Pain may be relieved with simple analgesics, such as 
acetaminophen or a nonsteroidal anti-infl ammatory 
drug. Tramadol is the next-line agent. Pregabalin, a newer 
anticonvulsant, reduces pain in patients with fi bromyal-
gia at doses of 300 to 450 mg per day, starting with 50 mg 
three times daily and increasing to 100 mg three times 

daily during 7 days. Opioids are rarely necessary. Adjunc-
tive nonpharmacologic pain control methods include 
acupuncture, massage, and biofeedback.

Rehabilitation
Physical therapy is used to educate the patient in a 
stretching, gentle strengthening, and cardiovascular fi t-
ness program. This can improve fi tness and function 
and decrease pain. Occupational therapy is incorpo-
rated to review ergonomics of daily activities, and ac-
tivities of daily living are reviewed at the work site. Task 
simplifi cation, pacing, and maximization of function 
are emphasized.8,14,15

Mental health professionals can be helpful in the reha-
bilitative phase to educate the patients in a mind-body 
stress reduction program. This provides the patient with 
positive coping strategies for living with chronic pain.16

Associated depression and anxiety often need psycho-
pharmacologic treatment as well.

A stepwise approach to fi bromyalgia management is 
recommended. The fi rst step is to confi rm the diagnosis, 
to explain the condition, and to treat any comorbid ill-
ness, such as mood or sleep disturbance.

The second step is to try a low-dose tricyclic antidepressant 
or cyclobenzaprine. The patient should begin a cardiovas-
cular exercise program and be referred for cognitive-
behavioral therapy or combine that with exercise.

The third step includes specialty referral (i.e., rheuma-
tology, physiatry, psychiatry, pain management). Trials 
with selective serotonin reuptake inhibitors, serotonin 
and norepinephrine reuptake inhibitors, or tramadol 
should be considered. One may use a combination 
medication trial or anticonvulsant.13

Procedures

Trigger Point Injections

Myofascial trigger points may be injected with 1% lido-
caine to decrease local pain. Patients with recalcitrant 
chronic myofascial pain may respond to injections with 
botulinum toxin.17

If patients have concurrent bursitis, tendinitis, or nerve 
entrapment, therapeutic injections may be performed 
to treat these specifi c diagnoses.

Acupuncture

Acupuncture can be used for treatment of pain and fa-
tigue. Preliminary studies suggest that the benefi t may last 
up to several months.3 Treatment one or two times per 
week for at least six visits appears necessary. Improvement 
lasts at least 1 month but is likely to wane over time 
(6 months). The optimal number and frequency of acu-
puncture treatments have not been determined.3

Surgery
There is no surgery indicated for fi bromyalgia.

FIGURE 95-1. Locations of tender points.

Differential Diagnosis

Thyroid myopathy

Metabolic myopathy

Mood disturbances

Somatoform pain disorders
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POTENTIAL DISEASE COMPLICATIONS
Failure to make the diagnosis early may lead to delay in 
treatment, deconditioning, and expensive unnecessary 
medical testing and procedures. Chronic, intractable 
pain may occur despite treatment.

POTENTIAL TREATMENT 
COMPLICATIONS
Tricyclic antidepressant medications can be associated 
with anticholinergic side effects, such as urinary reten-
tion, sedation, constipation, and weight gain. Selective 
serotonin reuptake inhibitor medications may be asso-
ciated with sexual dysfunction, gastrointestinal intoler-
ance, and anorexia. Overly aggressive exercise programs 
may transiently increase pain in some patients. Local 
injections may result in local pain, ecchymosis, intravas-
cular injection, or pneumothorax if they are improperly 
executed. There is an increased risk of bleeding with use 
of nonsteroidal anti-infl ammatory drugs or selective 
serotonin reuptake inhibitors. For patients taking high 
serotonin reuptake antidepressants, consider avoidance 
or minimal use of nonsteroidal anti-infl ammatory 
drugs.18 The threshold for seizures is lowered by trama-
dol. In addition, the risk for seizure is enhanced by the 
concomitant use of tramadol with selective serotonin 
reuptake inhibitors.19
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35-52.
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DEFINITION
Myofascial pain syndrome (MPS) is defi ned as a painful 
disorder characterized by the presence of myofascial 
trigger points, distinct sensitive spots in a palpable taut 
band of skeletal muscle fi bers11,12 that produce local and 
referred pain. Thus, MPS is characterized by both a mo-
tor abnormality (a taut or hard band within the muscle) 
and a sensory abnormality (tenderness and referred 
pain).13 In addition to pain, the disorder is accompa-
nied by referred autonomic phenomena as well as by 
anxiety and depression.14 The pathophysiologic process 
of MPS is not clearly understood, in part because of the 
scarcity of reliable valid studies.15 Moreover, concomi-
tant disorders and frequent behavioral and psychosocial 
contributing factors16 in patients with MPS contribute 
to the complexity of human studies. Symptoms of MPS 
are generally associated with physical activities that are 
thought to contribute to “muscle overload,” either 
acutely by sudden overload or gradually with prolonged 
repetitive activity.17 MPS is reported to be prevalent in 
regional musculoskeletal pain syndromes; however, the 
syndrome can be classifi ed as regional or generalized. 
Some authors broaden the defi nition of myofascial pain 
to include a regional pain syndrome of any soft tissue 
origin. Thus, MPS may be considered either a primary 
disorder causing local or regional pain syndromes or a 
secondary disorder that occurs as a consequence of 
some other condition.12,13,16,18-20

The myofascial trigger point is generally considered the 
hallmark of MPS; therefore, much attention has been 
given to characteristic features of myofascial trigger 
points in skeletal muscle. Interestingly, animal studies 
reported a myofascial trigger spot in taut bands of rabbit 

skeletal muscle fi bers similar to that observed in human 
myofascial trigger points in several respects.21 Equine 
myofascial trigger points have also been identifi ed with 
features similar to those documented in humans and 
rabbits, with the exception that referred pain patterns 
cannot be determined in animals.22 One such feature of 
the myofascial trigger point is the so-called twitch re-
sponse. This local response is considered a characteristic 
fi nding of the myofascial trigger point. Mechanical 
stimulation (“snapping” palpation, pressure, or needle 
insertion) can elicit a local twitch response that fre-
quently is accompanied by referred pain.23 The twitch 
response is accompanied by a burst of electrical activity 
(end-plate noise) within the muscle band that contains 
the activated trigger point, whereas no activity is seen at 
other muscle bands. End-plate noise is signifi cantly 
more prevalent in myofascial trigger points than in sites 
that lie outside of a myofascial trigger point but still 
within the end-plate zone.24 This observation has been 
attributed to a spinal refl ex,21,23 as the response is abol-
ished by motor nerve ablation or infusion of local anes-
thetic. Moreover, spinal cord transection above the 
neurologic level of the myofascial trigger point fails to 
permanently alter the characteristic response.

A number of hypotheses25,26 have been put forward to 
explain the fi ndings observed in myofascial trigger points. 
One theory proposes that myofascial trigger points are 
found only at the muscle spindle in an attempt to explain 
benefi cial effects of �-adrenergic antagonists. However, 
this idea does not fully explain the electromyographic 
fi ndings recorded at the myofascial trigger point. Further, 
there appears to be little evidence that painful muscle 
areas, such as myofascial trigger points, are associated 
with any structural changes, such as an alteration in the 
appearance of the muscle spindle. Another theory is re-
lated to excessive release of acetylcholine in abnormal 
end plates,21 as the electromyographic activity recorded at 
trigger points resembles fi ndings described at the end-
plate region.24 This idea has led some clinicians to study 
effects of botulinum toxin injection into myofascial trig-
ger points in an attempt to reduce release of excessive 
acetylcholine. To date, results of small cohort studies27-33

examining effects of botulinum toxin on myofascial trig-
ger points have yielded inconsistent fi ndings.

Synonyms
Myogelosis1,2

Fibrositis3-5

Fibromyalgia5-10

ICD-9 Code
729.1 Myofascial pain syndrome
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On the other hand, pain may occur with spasticity, a 
condition associated with abnormal spindle physiol-
ogy.34,35 Although it is not clearly understood or rigor-
ously tested, an association can be made between ab-
normal spindle physiology and painful muscle 
conditions or “muscle spasms.” It has been our clinical 
observation that botulinum toxin at doses lower than 
anticipated for relief of hypertonia are effective for the 
relief of pain associated with spasticity. One could 
speculate that these lower doses might be enough to ef-
fectively weaken or to “reset” the intrinsic (spindle) fi -
bers and thus indirectly result in pain relief. Therefore, 
the use of botulinum toxin for some painful muscle 
conditions stems from the idea that pain relief may re-
sult from a decrease in the refl ex muscle tone.36-38

To test the idea that botulinum toxin might work to re-
lieve regional MPS, a small pilot study39 was conducted 
on the use of botulinum toxin type A in a cohort of sub-
jects with regional MPS of the lower limb, in a condition 
termed piriformis syndrome. Blunt trauma, such as a fall 
onto the buttocks, has been reported to result in this 
painful chronic musculoskeletal disorder, thought to in-
volve the piriformis muscle because of its proximity to 
the sciatic nerve. Piriformis syndrome is associated with 
buttock, hip, and lower limb pain and occurs predomi-
nantly in women. It has been suggested that hip, buttock, 
and leg pain is a consequence of prolonged or excessive 
contraction of the piriformis muscle.40,41 Subsequent to 
the location of this muscle and its close association with 
the sciatic nerve, excessive or sustained muscle force 
might also compress the sciatic nerve and result in lower 
limb pain. Thus, agents such as botulinum toxin known 
to locally decrease muscle force42-44 might bring about 
pain relief by decreasing muscle tension and also pre-
sumably by decreasing tension on nerve axons. Accord-
ingly, it was hypothesized that injection into this muscle 
with the potent paralytic agent botulinum toxin type A 
would diminish buttock, hip, and lower limb pain.

Ten women with piriformis syndrome participated in 
a double-blind crossover pilot to test effects of local 
intramuscular injection of botulinum toxin type A 
(100 units) directly into the piriformis muscle. Pain 
scores and nerve conduction were measured in each 
participant during several weeks. Results of the main 
outcome measures (pain scores) suggested clinical ben-
efi t, probably as a result of a modest analgesic response 
from toxin injection. If the benefi t was due, at least in 
part, to local decrease in muscle force and subsequent 
decrease in motor axon compression, it was anticipated 
that associated changes would be observed in nerve 
conduction (H refl ex) studies.45 However, no changes in 
H refl exes were detected either before or after experi-
mental interventions. Thus, the idea that sciatic nerve 
compression resulted from local increase in piriformis 
muscle tension was not supported by the fi ndings. This 
line of evidence pointed to an alternative mechanism of 
action46 of botulinum toxin in pain syndromes and also 
raised questions about the very nature of MPS.

Fibromyalgia is a chronic, musculoskeletal pain con-
dition that predominantly affects women and is 

characterized by diffuse muscle pain, fatigue, sleep 
disturbance, depression, and skin sensitivity.7,15,47,48

Fibromyalgia may fi t the classifi cation of MPS because 
the diagnosis includes the presence of 11 of 18 tender 
points.49-51 Furthermore, treatment of MPS and fi bro-
myalgia is similar; evidence supports the role of exer-
cise, cognitive-behavioral therapy, education, and so-
cial support in the management of both fi bromyalgia 
and chronic MPS.7 However, there is controversy as to 
whether fi bromyalgia and MPS represent specifi c dis-
ease processes or are descriptive terms of clinical con-
ditions.52 Objective evidence of muscle abnormalities 
in fi bromyalgia has been demonstrated by histologic 
studies showing disorganization of Z bands and ab-
normalities in the number and shape of muscle mito-
chondria. Biochemical studies and magnetic reso-
nance spectroscopy have also shown inconsistent 
abnormalities of ATP and phosphocreatine levels. It is 
unclear whether these abnormalities are a result of 
physical deconditioning or are due to problems in 
energy metabolism.49 There are no clear biochemical 
markers that distinguish patients with fi bromyalgia. 
Thus, although the pathogenesis is still unknown, 
there has been evidence of increased corticotropin-
releasing hormone and substance P in the cerebrospi-
nal fl uid of patients with fi bromyalgia as well as 
increased substance P, interleukin-6, and interleukin-8 
in their serum.50 One hypothesis supports the idea 
that fi bromyalgia is an immunoendocrine disorder in 
which increased release of corticotropin-releasing hor-
mone and substance P from neurons triggers local 
mast cells to release proinfl ammatory and neurosensi-
tizing molecules. This hypothesis fi ts well with recent 
discoveries of neuropeptides found in the muscles of 
patients with active myofascial trigger points.53,54

SYMPTOMS
The patient generally complains about dull or achy 
pain, sometimes poorly localized, particularly during 
repetitive activities or activities requiring sustained pos-
tures. Symptoms are exacerbated with digital pressure 
over tender areas of muscle with reproduction of the 
patient’s usual pain. Symptoms are relieved with rest or 
cessation of repetitive activities. The presence of sleep 
disturbances, depressed mood, and fatigue may help 
distinguish patients with MPS from those with fi bromy-
algia.

PHYSICAL EXAMINATION
The most important part of the physical examination is 
generally considered to be the fi nding and localization 
of myofascial trigger points to provide an accurate diag-
nosis of MPS.12,17,26 Travell & Simons’ Myofascial Pain and 
Dysfunction: The Trigger Point Manual55 is considered the 
criterion standard reference on location and treatment 
of myofascial trigger points. Active myofascial trigger 
points exhibit marked localized tenderness and may 
refer pain to distant sites, disturb motor function, or 
produce autonomic changes. Specifi c clinical training is 
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required to become adept at identifi cation of myofascial 
trigger points; evidence suggests that “non-trained” clini-
cians do not reliably detect the taut band and local 
twitch response.56 As Simons and Mense pointed out, 
“The diagnostic skill required depends on considerable 
innate palpation ability, authoritative training, and ex-
tensive clinical experience.”17

To clinically identify myofascial trigger points, the clini-
cian palpates a localized tender spot in a nodular por-
tion of a taut rope-like band of muscle fi bers. Manual 
pressure over a trigger point should elicit pain at that 
area and may also elicit pain at a distant site (referred 
pain) from the point under the fi ngertip. Myofascial 
trigger points, when palpated, should also elicit pain 
that mirrors the patient’s experience. Applied pressure 
often earns the response “That’s my pain!” Insertion of 
a needle, abrupt palpation, or even a brisk tap with the 
fi ngertip directly over the trigger point may induce a 
brief muscle contraction detectable by the examiner. 
This rapid contraction of muscle fi bers of the ropy taut 
band is termed a local twitch response.17 In muscles that 
move a relatively small mass or are large and superfi cial 
(like the fi nger extensors or the gluteus maximus), the 
response is easily seen and may cause the limb to visibly 
move when the examiner introduces a needle into the 
trigger point. Localized abnormal response from the 
autonomic nervous system may cause piloerection, lo-
calized sweating, or even regional temperature changes 
in the skin attributed to altered blood fl ow.25,36,57

Regional Examination of the Lower Extremity 
for Piriformis Syndrome
To evaluate individuals for piriformis syndrome,58,59

their usual buttock, hip, and lower limb pain may be 
reproduced during the following maneuvers: palpation 
over a point midway between the sacrum and greater 
trochanter of the femur, active hip abduction in the 
lateral recumbent position, and rectal palpation of the 
ipsilateral side of the involved limb.39 A number of 
similar maneuvers have been described. The Freiberg 
maneuver of forceful internal rotation of the extended 
thigh elicits buttock pain by stretching the piriformis 
muscle, and the Pace maneuver elicits pain by having 
the patient abduct the legs in the seated position, which 
causes contraction of the piriformis muscle.60 Beatty61,62

described a maneuver performed by the patient’s lying 
with the painful side up, the painful leg fl exed, and the 
knee resting on the table. Buttock pain is produced 
when the patient lifts and holds the knee several inches 
off the table. Beatty reported that the maneuver he de-
scribed produced deep buttock pain in three patients 
with piriformis syndrome. In 100 consecutive patients 
with surgically documented herniated lumbar discs, the 
maneuver often produced lumbar and leg pain but not 
deep buttock pain; and in 27 patients with primary hip 
abnormalities, pain was often produced in the trochan-
teric area but not in the buttock. The maneuver de-
scribed by Beatty presumably relies on contraction of 
the muscle, rather than stretching, which might repro-
duce pain from an actively contracting piriformis mus-

cle. A positive fi nding in at least two of these maneuvers 
is suffi cient to confi rm a diagnosis of piriformis syn-
drome, provided other potential causes have been elim-
inated from the differential diagnosis (described later). 
For example, patients with trochanteric bursitis gener-
ally present with chronic intermittent aching pain over 
the lateral aspect of the affected hip. Pain is worsened 
by sitting in a deep chair or car seat or by climbing 
stairs. In contrast, patients with regional MPS of the 
lower limb (piriformis syndrome) complain of pain 
primarily in the buttocks with occasional radiation into 
the lateral thigh. Clinical criteria for trochanteric bursi-
tis should include history of lateral aching hip pain, 
localized tenderness over the greater trochanter, and at 
least one of the following fi ndings: radiation of pain 
over the lateral thigh; pain of resisted hip abduction; 
and pain at extreme ends of rotation, particularly a 
positive Patrick (FABER) test result.

DIAGNOSTIC STUDIES
No defi nitive laboratory test or imaging method is diag-
nostic of MPS. Thus, diagnosis is made primarily by 
history and physical examination. Whereas no specifi c 
laboratory tests confi rm (or refute) a diagnosis of 
MPS,11,14,63 some tests can be helpful in looking for pre-
disposing conditions, such as hypothyroidism, hypogly-
cemia, and vitamin defi ciencies. Specifi c tests that may 
be helpful include complete blood count, chemistry 
profi le, erythrocyte sedimentation rate, and levels of vi-
tamins C, B1, B6, and B12, and folic acid. If clinical fea-
tures of thyroid disease are present, an assay for thyro-
tropin may be indicated.64,65 A presumptive diagnosis of 
piriformis syndrome is based principally on clinical evi-
dence because well-established laboratory or imaging 
studies to confi rm such a diagnosis are not available. 
Therefore, other sources of buttock, hip, and lower limb 
pain must be excluded before such a diagnosis can be 
made. Although laboratory or imaging studies are not 
diagnostic of this condition, delayed H refl ex latencies 
have been reported in at least one case series,45 presum-
ably because of sciatic nerve compression by the pirifor-
mis muscle.

TREATMENT
A wide variety of therapy is available to patients with 
MPS. Much of the variation in forms of treatment (and 
diagnoses) of this disorder probably results from dif-
ferences in culture, training, and recognition of an of-
ten undiagnosed syndrome of pain, dysfunction, and 

Differential Diagnosis

Fibromyalgia

Trochanteric bursitis
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autonomic dysregulation. This section discusses treat-
ment strategies for patients with MPS, including those 
individuals in whom chronic pain develops.

Initial
Therapeutic modalities such as biofeedback, ultrasound, 
lasers, and massage may be useful adjuncts in relieving 
initial pain to allow participation in an active exercise 
program. Although therapeutic modalities are com-
monly used for MPS, most of these modalities have not 
been rigorously investigated. Appropriate controls, sam-
ple sizes, and blinding measures are often lacking. De-
spite these issues, results from published reports gener-
ally indicate therapeutic effi cacy.66 For example, Hou 
and colleagues67 investigated the immediate effect of 
physical therapeutic modalities on myofascial pain in 
the upper trapezius muscle in 119 subjects with active 
myofascial trigger points. Their fi ndings suggested that 
therapeutic combinations such as hot pack plus active 
range of motion and stretch with spray are effective for 
pain relief in patients with MPS. To investigate the im-
mediate effectiveness of electrotherapy on myofascial 
trigger points of the upper trapezius muscle, Hsueh and 
coworkers68 studied 60 patients with myofascial trigger 
points on one side of the upper trapezius muscle. The 
involved upper trapezius muscles were treated with 
three different methods according to a random assign-
ment. One group received a placebo treatment, another 
group was given electrical nerve stimulation therapy, 
and a third group was given electrical muscle stimula-
tion therapy. The effectiveness of each treatment was 
assessed by conducting three measurements on each 
muscle before and immediately after treatment: subjec-
tive pain intensity, pressure pain threshold, and range of 
motion. Results indicated that electrical nerve stimula-
tion is more effective than electrical muscle stimulation 
for immediate pain relief, whereas muscle stimulation 
appeared to have a greater benefi t on immediate release 
of muscle tightness compared with nerve stimulation. 
Together, the results of these and other studies11,12,16,17,69,70

suggest that addition of therapeutic physical modalities, 
such as heat and various forms of muscle and 
nerve stimulation, is benefi cial in the initial treatment 
of MPS.

Rehabilitation
Physical therapy techniques that focus on correction of 
muscle shortening by targeted stretching, strengthening 
of affected muscles, and correction of aggravating pos-
tural and biomechanical factors are generally considered 
to be the most effective treatment of MPS.71-73 This idea 
is supported by a line of evidence examining the rela-
tionship between muscle overload and myofascial trig-
ger points. For example, Itoh and colleagues74 developed 
an experimental model of myofascial trigger points in 
which healthy volunteers underwent repetitive eccentric 
exercise of the third fi nger of one hand. Pain thresholds 
of the skin, fascia, and muscle were measured immedi-
ately afterward and for 7 days. After exercise, pressure 
pain thresholds decreased, then gradually returned to 

baseline values. A ropy band was palpated in the exer-
cised forearm muscle, and the electrical pain threshold 
of the fascia at the palpable band was the lowest among 
the measured loci and tissues. Needle electromyographic 
activity accompanied with dull pain sensation was re-
corded only when the electrode was located on or near 
the fascia of the palpable band. To explore the effect of 
exercise for treatment of MPS, a study was conducted in 
20 patients with MPS localized to the temporomandibu-
lar region.72 The exercise treatment consisted of jaw 
movements and correction of body posture. After treat-
ment, six patients had no pain at all and seven patients 
experienced no impairment. Pain at stress, impairment, 
and incisal edge clearance also improved. Together, fi nd-
ings from these and other studies suggest a direct rela-
tionship between exercise and MPS, although defi nitive 
large multicenter trials appear to be lacking.

Cognitive-Behavioral Therapy

The goal for the treatment of MPS is to engage patients 
in active therapy to prevent the development of chronic 
pain syndrome or to rehabilitate patients from its dis-
abling interacting symptoms if it has developed. Chronic 
MPS is not a diagnosis but a descriptive term for indi-
viduals who not only report persistent pain but evi-
dence poor coping, self-limitations in functional activi-
ties, signifi cant life disruption, and dysfunctional pain 
behavior.75 Other common symptoms of chronic pain 
syndrome related to an accompanying disuse syndrome 
include the multiple physical systems effects of decon-
ditioning as well as insomnia, fatigue, anxiety, and de-
pression.76 A central feature of chronic MPS is a disabil-
ity conviction and resulting avoidance of activity based 
on the fear that engaging in functional activity will in-
crease pain (fear-avoidance).76 The critical importance 
of addressing such a belief is underlined by prior studies 
that indicated that patients’ beliefs about their pain 
were the best predictors of task performance,77 medical 
utilization,78 and long-term rehabilitation.79

Preventing the development of such a disability convic-
tion begins by assisting patients to shift from a bio-
medical perspective, in which there is an ongoing search 
for the cause of an illness to be “cured” or “fi xed,” to a 
biopsychosocial rehabilitation perspective.76,79 This per-
spective views MPS as a multifactorial condition that 
need not be disabling if it is actively managed by the 
patient. Cognitive-behavioral therapy is the psychologi-
cal approach that focuses on changing dysfunctional 
beliefs or “schemas” by which individuals process, 
store, and act on information.80 For individuals with 
chronic pain syndrome to successfully participate in a 
functionally oriented rehabilitation approach, they 
need to understand or to believe the following:
 1. The nature of the pain has been thoroughly evalu-

ated, and there is no cure (i.e., surgery or another 
procedure) for the pain.

 2. The rehabilitation approach involving physical 
activity and conditioning will increase functional 
capabilities and eventually reduce suffering.

 3. The hurt engendered through physical condition-
ing will not cause harm.
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 4. Reinjury or worsening of the painful condition is 
unlikely, and it is in the individual’s best interest 
to become more functional (i.e., the individual 
will not be fi red or laid off if he or she attempts 
to return to work).

Whereas the fi rst point most often can be addressed by 
the physician in the offi ce, the critical shift in belief that 
hurt will not cause harm generally requires the patient 
to have repeated experiences that contradict prior life 
experience that if something hurts, you should stop do-
ing it. For a patient with MPS to exercise consistently 
and suffi ciently to contradict the common sense to 
avoid pain, an interdisciplinary team approach is often 
required. In such an approach, the physical therapist 
educates and guides the patient through a progressive 
physical reconditioning regimen. The physician periodi-
cally reevaluates the patient, reassuring and encourag-
ing the patient that there is no problematic change in 
condition while adjusting medications to facilitate in-
volvement in the program. Concurrently, the psycholo-
gist provides training in stress management, pacing, and 
pain coping strategies. This is often best done in a group 
setting that normalizes the reactions and experience of 
the patient and where the social support and encourage-
ment of the patient’s peers are of signifi cant benefi t. 
Ultimately, though, it is the patient’s repeated mild in-
creases in pain without harm, as functioning improves, 
that change beliefs about pain and fear-avoidance of 
activity. It is largely for this reason that multidisciplinary 
pain programs including a cognitive-behavioral ap-
proach have been found to be most effective for indi-
viduals with chronic pain on a range of key outcomes.81

A cognitive-behavioral, functional restoration approach 
is particularly effective for chronic MPS because unlike 
with many other chronic pain conditions, one can be 
fairly certain that the hurt experienced through in-
creased activity will not only not cause harm but will 
lead to long-term benefi t.

Hypnosis

In addition to the cognitive changes noted, patients 
should be educated on the interacting effects of pain 
leading to increased sympathetic arousal (“stress re-
sponse”) that leads to increased muscle tension and 
increased pain. They therefore can reduce pain by 
reducing their reactivity to pain as well as to other 
stressors in their life. Techniques for doing so include 
relaxation training, progressive muscle relaxation, mind-
fulness meditation, and hypnosis. Hypnosis is increas-
ingly being integrated into multidisciplinary treatment 
approaches because it enables one to train patients 
to develop a relaxation response while also interspers-
ing suggestions to encourage the changes in thinking 
noted earlier.82-85 It is likely that this is one reason a 
meta-analytic study found the addition of hypnosis to 
cognitive-behavioral treatment increased the effective-
ness of such treatment for numerous conditions.86

Furthermore, neuroimaging studies indicated that hyp-
notic suggestions specifi cally designed to address the 
affective dimension of pain reduced activation of the 
anterior cingulate cortex, found to be most associated 

with autonomic reactivity to pain.87-91 In other words, 
hypnosis is a tool that can be used to assist patients not 
only to reduce their attention to the sensation of pain 
but, probably more important, to reduce their affective 
distress and autonomic reactivity.

Oral Medications

Nonsteroidal anti-infl ammatory drugs (NSAIDs) may 
be a useful adjunct to active exercise-based treatment of 
MPS, but NSAIDs are generally considered benefi cial 
when they are used in conjunction with an active treat-
ment program. However, no randomized placebo-
controlled clinical trials exist to support effi cacy of 
NSAID use in this condition. Interestingly, the NSAID 
diclofenac, when it is injected into the myofascial trig-
ger point, was shown to be superior to lidocaine in one 
small clinical trial.92 Low-dose amitriptyline is widely 
used in patients with fi bromyalgia and is thought to 
help improve the patient’s sleep cycle.47,50,93,94 Muscle 
relaxants may provide benefi t to patients with MPS. For 
example, cyclobenzaprine hydrochloride, a commonly 
prescribed muscle relaxant, is indicated as an adjunct 
to rest and physical therapy for the relief of muscle 
spasm associated with acute, painful musculoskeletal 
conditions. In contrast to low-dose (5 mg three times 
daily) cyclobenzaprine, a higher dose (10 mg three 
times daily) is associated with more somnolence and 
dry mouth. Importantly, there does not appear to be a 
relationship between somnolence and pain relief. A 
large, multicenter, community-based trial of patients 
with acute pain and muscle spasm evaluated low-dose 
cyclobenzaprine (5 mg three times daily) alone com-
pared with combination therapy with two doses of 
ibuprofen. It is possible that low-dose cyclobenzaprine 
or high-dose ibuprofen alone may be suffi cient to re-
lieve acute musculoskeletal pain and that no additional 
benefi t is incurred by adding another medication. Fu-
ture trials comparing various doses of muscle relaxants 
and NSAIDs alone or in combination will be required 
to address these questions in the treatment of patients 
with MPS.

Procedures
When they are combined with other therapies, interven-
tional techniques can be an effective adjunct in the 
multidisciplinary management of patients with MPS.95

In treating MPS, other than trigger point injections, in-
terventional procedures (e.g., epidural steroid injec-
tions, sacroiliac joint injections, and medial branch 
blocks) are usually not employed. However, at times, 
myofascial pain is associated with or caused by other 
underlying conditions. For instance, lumbar myofascial 
pain may also have some component of lumbar facet 
arthropathy. Lumbar medial branch blocks and radio-
frequency denervation, alone or in combination with 
the other therapies (e.g., muscle relaxants), may work 
together to relieve myofascial pain. Similarly, epidural 
steroid injection may provide lumbar pain relief in a 
patient with spondylosis. It has been suggested that 
epidural steroid injections may be used to treat MPS if 
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conservative treatments fail.96 Therefore, underlying 
pathologic changes may respond to more aggressive 
interventional methods and in turn synergistically pro-
vide pain relief to the patient with MPS.

Myofascial trigger point injections should be individu-
alized for both the patient and the clinician. Alcohol, if 
it is used to clean the skin, should be allowed to dry 
completely to prevent additional pain. Use of operating 
rooms or special procedure (sterile) rooms equipped 
with monitoring devices for the purpose of intramuscu-
lar injections with small-caliber needles is not neces-
sary. Most patients can be treated safely in an offi ce 
setting by experienced clinicians. The diagnostic skill 
required to fi nd active myofascial trigger points depends 
on considerable innate palpation ability, authoritative 
training, and extensive clinical experience.17 Application 
of trigger point injection begins, fi rst, with determina-
tion of the equipment needs according to the needs of 
the patient, the clinician’s training, and the anatomic 
target for injection. Typically, a 1.0-mL tuberculin-type 
syringe with 5⁄8-inch, 25-gauge needle is adequate for 
superfi cial muscles. For small muscles (e.g., facial mus-
cles), a 1-inch, 30-gauge needle is suffi cient. For larger 
muscles, a 1-inch or 11⁄2-inch, 25-gauge needle is ade-
quate. After the patient is placed in a position in which 
the desired muscle can be relaxed, the myofascial trigger 
point is located. In the prone position, the myofascial 
trigger point is ascertained by gentle pressure from the 
end of a fi ngertip or a ballpoint pen applied at regular 
1-cm intervals. The patient is observed closely during 
the palpation because pressure on the markedly tender 
myofascial trigger point usually causes the patient to 
jump, to wince, or to cry out. Each muscle has a charac-
teristic elicited referred pain pattern that for active myo-
fascial trigger points is familiar to the patient. Thus, the 
patient will report that this pressure reproduces the 
usual pain and, when questioned, will describe painful 
sensations at a site slightly distant to the point under 
the examiner’s fi nger. Once the myofascial trigger point 
has been located, the skin is marked, and the site is in-
jected with saline, anesthetic agent, or corticosteroid 
solution.

Procedures used in the treatment of piriformis muscle 
syndrome include therapeutic stretch, ultrasound, mas-
sage, manipulation, and oral analgesic agents. Caudal 
epidural steroid injections, local intramuscular steroid in-
jections, and surgical resection of the muscle have also 
been reported as effective. Childers and colleagues39 were 
the fi rst to perform a prospective study to examine the 
effects of intramuscular botulinum toxin in this condition. 
Results indicated that compared with placebo, injection 
with botulinum toxin resulted in signifi cant (P � .05) 
benefi t in subjective pain evaluations. Others97-100 have 
subsequently reported similar fi ndings. The rationale for 
use of botulinum toxins in MPS may involve presynaptic 
blockade of nociceptive peptides in affected muscles, re-
duction in force of contracting muscles, or some combina-
tion of both mechanisms.37,38,46,101,102

For injection of the piriformis muscle, the patient is 
placed in the prone position, the skin over the largest 

bulk of the buttocks is swabbed with iodine, and sterile 
drapes are applied. Under pulsed fl uoroscopy, the 
greater trochanter of the femur, the body of the sacrum, 
and the sciatic notch can easily be identifi ed. The skin 
is marked corresponding to a location midway between 
a line that bisects the middle of the sciatic notch and 
the greater trochanter of the hip. A sterile 51⁄2-inch,
20-gauge dual-purpose injection-electromyographic 
needle is inserted through the overlying skin mark-
ing. The needle should be angled slightly lateral to me-
dial. Once the ileum is encountered, the needle is with-
drawn slightly, and the injection site is visualized by 
fl uoroscopy.

To further verify that the needle tip is placed accurately 
within the piriformis muscle, before injection and sub-
sequent to fl uoroscopic localization of needle place-
ment, an electromyograph can be connected to the hub 
of the needle. A ground and reference electrode is se-
cured to the skin overlying the lateral upper thigh. The 
patient is instructed to externally rotate the thigh to ac-
tivate the piriformis muscle. If brisk motor unit action 
potentials are not observed, the needle should be repo-
sitioned slightly, and the procedure repeated; 3 mL of 
an iodine-based radiotracer dye is subsequently in-
jected. The pattern of radiotracer spread is subsequently 
examined under pulsed fl uoroscopy. If the radiotracer 
pattern does not correspond with the parallel alignment 
of piriformis muscle fi bers, the needle should be repo-
sitioned and the procedure (including electromyogra-
phy) repeated. If the needle tip is too shallow, radio-
tracer dye patterns will appear to correlate with those of 
the gluteus maximus. Similarly, if the needle tip is too 
proximal or distal, dye patterns will appear to correlate 
with fi bers of the obturator internus or gemelli muscles. 
After needle tip placement is verifi ed by both fl uoro-
scopic and electromyographic techniques, syringes are 
changed, and medication is injected.

Surgery
Surgery is not indicated in the treatment of patients 
with MPS.

POTENTIAL DISEASE COMPLICATIONS
Patients with MPS may go on to develop chronic pain 
syndrome. Treatment of individuals with chronic MPS 
is described earlier. Perhaps the biggest complication of 
untreated and progressive MPS is development of a syn-
drome of physical inactivity that may lead to cardiovas-
cular disease.103-106 Evidence of a dose-response relation 
between physical activity and cardiovascular disease 
endpoints has been proposed,104 although the majority 
of the literature in this area has relied on prospective 
observational studies, and few randomized trials of 
physical activity and cardiovascular disease as a clinical 
outcome have been reported. This notwithstanding, 
evidence indicates that cardiovascular disease incidence 
and mortality are causally related to physical activity in 
an inverse, dose-response fashion. Thus, left untreated, 
patients with MPS who go on to develop chronic pain 
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and lack physical activity are at high risk for cardiovas-
cular disease and early death.

POTENTIAL TREATMENT 
COMPLICATIONS
The greatest risk of treatment of the patent with MPS is 
related to myofascial trigger point injections in the tho-
racic area. Because of the anatomic location of the apex 
of the lung to the proximity of the upper trapezius 
muscle or the scalene muscles, the clinician must be 
aware of the potential for pneumothorax as a result of 
myofascial trigger point injection in this area. The use of 
long (�1 inch) small-gauge needles should be avoided 
because long, thin needles can easily bend once they are 
inserted into the muscle, and the tip can inadvertently 
puncture the pleura. Rather, short (�1 inch) needles 
should be used for myofascial trigger point injections 
anywhere near the apex of the lung. In addition, the 
needle should be directed away from structures at risk 
for inadvertent puncture. To provide additional proprio-
ceptive feedback during injection, grasping the muscle 
between the thumb and forefi nger will allow the clini-
cian to palpate the thickness of the tissue to be injected. 
Thin patients or those with reduced lung capacity from 
underlying diseases are particularly at risk, and thus the 
clinician should use extra precautions in performing 
myofascial trigger point injections in these patients.
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DEFINITION
Repetitive strain injury (RSI) describes nonspecifi c up-
per extremity pain that often develops in occupational 
settings. RSIs are thought to result from the perfor-
mance of repetitive and forceful hand-intensive tasks. 
These conditions are also referred to as cumulative 
trauma disorders, occupational overuse syndromes, and 
nonspecifi c work-related upper limb disorders. The 
varying nomenclature is controversial; it provides little 
insight into anatomy affected, disease severity, appro-
priate treatment, or expected prognosis. Classifi cation 
systems of work-related musculoskeletal disorders often 
include specifi c diagnoses, such as carpal tunnel syn-
drome and de Quervain tenosynovitis, as repetitive 
strain injuries, but the consensus in recent years has 
been to consider RSI an entirely separate category of oc-
cupational disorder.1 RSIs have symptom complexes 
that do not fi t neatly into another diagnostic classifi ca-
tion, such as specifi c tendinopathy or nerve entrapment. 
RSIs typically have few objective physical fi ndings and 
little in the way of demonstrable pathologic change. 
There is no standard, data-driven treatment approach.

RSI is a signifi cant medical concern; approximately 65% 
of reported cases of occupational illness are attributed to 
repeated trauma annually.2,3 In fact, occupational muscu-
loskeletal disorders of the hand and wrist are associated 
with the longest absences from work and have greater 
lost productivity and wages than those of other anatomic 
regions.2 There is evidence that this condition is actually 
underreported.4 Important risk factors appear to be 

repetitive motion of the arm or wrist, movements that 
require extremes of hand or arm position, prolonged 
static postures, and vibration. Other risk factors may be 
poor ergonomic work environment, task invariability, 
lack of autonomy, and high levels of psychological dis-
tress in the workplace. In addition, the female gender 
appears to be more susceptible to development of RSI.5
Nonwork exposures also appear to contribute to these 
disorders. In turn, RSIs can develop outside of the work-
place in students and other individuals who participate 
in hobbies or activities that expose them to repetitive mo-
tion and prolonged postures on a consistent basis.

According to the U.S. Department of Labor, Bureau of 
Labor Statistics, occupations that appear to be at great-
est risk for RSIs are those in the service and manufactur-
ing industries, including any job involving computer 
processing and keyboard use.2 These occupations have 
the most demand for upper extremity intensive tasks. 
Because of limitations in the assessment of risk factors 
in the epidemiologic research, quantitative levels of 
exposure that are “acceptable” in each occupation are 
not available.6 Clinically, it appears that the onset and 
perpetuation of RSIs are multifactorial.

There is no proven etiology of RSIs. They are thought to 
develop from repetitive microtrauma to muscle, ten-
don, nerve, loose connective tissue, or bone that exceeds 
the ability of the tissue to heal itself. Despite this postu-
lated mechanism of injury, there is little evidence of 
pathologic tissue damage. In animal models, when 
chronic repetitive motion is induced, an acute infl am-
matory response is stimulated in the tissue. This initial 
response eventually subsides and is followed by a fi -
brotic response that may lead to complete tissue repair 
if loads and repetition are suffi ciently low.7 However, in 
the presence of high repetition or high force, the acute 
infl ammatory response is followed by tissue degenera-
tion and fi brosis that leads to scarring. It is this tissue 
reorganization that may lead to a nonspecifi c pattern of 
pain in RSI.

Abnormal muscle fatigability may also contribute to 
pain.8 Reduction in muscle blood fl ow and localized 
tissue hypoxia have been demonstrated in trapezius 
muscle biopsy specimens taken from assembly-line 

Synonyms
Cumulative trauma disorders
Occupational overuse syndromes
Upper extremity musculoskeletal disorders
Nonspecifi c work-related upper limb disorders
Repetitive overuse disorders

ICD-9 Codes
719.44 Hand pain
729.5  Limb pain
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workers with prolonged, static shoulder postures who 
developed chronic trapezius myalgia.9 In addition, di-
minished local muscle oxygenation and blood fl ow has 
been demonstrated in the forearms of individuals with 
RSI during isometric contraction, compared with con-
trols at similar working intensities. These fi ndings indi-
cate that the underlying vasculature may be impaired in 
this condition.10 It is unclear whether these data can be 
extrapolated to explain the pathophysiologic mecha-
nism of all RSI in the upper extremity.

There may also be a neurogenic origin for RSI. There is 
evidence of neural reorganization at multiple levels of 
the central nervous system after the performance of re-
petitive tasks. The repeated stimulation of nociceptive 
afferent nerve fi bers may cause them to become hyper-
sensitive, to expand their receptive fi elds, and to increase 
the excitability of secondary neurons in the spinal cord. 
These changes may contribute to the hyperalgesia asso-
ciated with chronic pain in RSIs. Moreover, there may 
also be an element of central nervous system reorgani-
zation at the level of the somatosensory cortex with re-
petitive tasks. It has been shown that degradation of 
hand representations occurs with focal hand dystonias 
that are associated with writer’s cramp. The central ner-
vous system basis of dystonia may indeed point to a 
central nervous system origin of RSI, although this is 
not currently clear.2

Regardless of the factors that contribute to the develop-
ment of RSI, there is often a complex dynamic in man-
aging patients with work-related musculoskeletal disor-
ders. They are often involved in compensation claims. 
When the injured patient takes on the additional role of 
claimant, the perception of both patient and caregiver 
can change in many aspects of the healing and rehabili-
tation process. It is paramount for the physician treating 
RSI to take the medicolegal implications into account. 
Indeed, the workers’ compensation system has a great 
impact on the reporting and control of work-related 
disorders.11

SYMPTOMS
The predominant symptom in RSI is upper extremity 
pain. The discomfort often begins as a dull ache in the 
forearm or hand after the performance of tasks of re-
petitive motion. Initially, it may be intermittent and al-
leviated with rest. As the offending activity is repeated 
with regularity, the pain may increase in intensity and 
be triggered by minimal exertion in the workplace and 
even while performing simple activities of daily living, 
such as dressing or grooming. The symptoms usually 
begin in one region of the limb in a fairly localized area 
(e.g., wrist, elbow, or forearm) but may quickly spread 
to involve the entire arm and at times the contralateral 
arm. Pain tends to gradually increase during the work-
day, with peak intensity during the last hours of work. It 
appears to get better over the weekends and during va-
cations from work.

Other symptoms may include paresthesias, numbness, 
and weakness. If these symptoms are present, they may 

not follow dermatomal or peripheral nerve distribu-
tions. Patients may also complain of arm or hand 
muscle cramping, allodynia, stiffness, and slowing or 
incoordination of fi ne motor movements of the hand.

Patients often complain of night pain, resulting in poor 
sleep. A detailed investigation of sleep habits is important 
because sleep disruption is common in RSI. Psychological 
distress and depression may result if pain and sleepless-
ness persist. In fact, self-reported upper extremity–specifi c 
health status measured by the Disabilities of the Arm, 
Shoulder, and Hand (DASH) questionnaire appears to 
correlate with depression and pain anxiety in these pa-
tients.12 Some patients may also exhibit maladaptive ill-
ness beliefs, such as catastrophizing and fear-avoidance.

In taking a patient’s history, the clinician should attain 
an accurate understanding of the patient’s job descrip-
tion and daily workstation. It is important to thor-
oughly evaluate the biomechanics of body position and 
posture as well as the physical layout of the work site. 
Special attention should be given to the details of spe-
cifi c job duties, including the frequency, duration, and 
conditions under which they are performed. For exam-
ple, if the patient works a desk job and spends each day 
on a computer, it is important to inquire about desk 
and chair setup and placement of the computer moni-
tor and keyboard. The clinician should also take note of 
the patient’s perception and satisfaction with the work-
place. This information can give the clinician valuable 
insight, as dissatisfi ed workers are notorious for work-
related medical claims.

It is important to take into account the patient’s past 
medical history and social history; both can contribute 
greatly to the current health status. It is critical to elicit 
any chronic illnesses that the patient might have and to 
take a detailed medication history. Elements of social 
history, including family life, child-care issues, and drug 
or alcohol abuse, can be important factors that infl u-
ence the patient’s complaints on the job.

PHYSICAL EXAMINATION
RSI is a diagnosis of exclusion. Typically, there are no 
objective physical fi ndings. Hence, the physical exami-
nation should be comprehensive and focus on ruling 
out alternative diagnoses. It should include a thorough 
musculoskeletal examination with inspection, palpa-
tion, and testing of passive and active range of motion 
of the cervical spine, shoulder, elbow, wrist, and fi ngers. 
There is typically no evidence of muscle atrophy or 
other deformity. There may be pain on active and pas-
sive range of motion, but there is generally no restric-
tion of motion when the examiner takes the joint 
through a full arc. There may be diffuse myofascial pain 
with palpation over the symptomatic region. In addi-
tion, there may be evidence of one or more focal fi bro-
myalgia tender points on the symptomatic as well as on 
the asymptomatic arm.13

Neurologic assessment can rule out localized nerve dis-
ease by investigating for dermatomal, myotomal, or 
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peripheral nerve abnormalities. In RSI, deep tendon 
refl exes are normal and symmetric. Manual muscle 
strength testing should be performed but is generally 
inconsistent, depending on the patient’s effort and pain 
level with exertion. Objective and reproducible strength 
tests can be performed with a hand or pinch dynamom-
eter if level of strength is uncertain with examiner resis-
tance. Computer-driven isokinetic dynamometers can 
also be used for more reliable measures of strength 
across uniaxial joints, such as the elbow. Sensory testing 
should be done by light touch as well as by pinprick. 
This portion of the neurologic examination is often dif-
fi cult, as subjective abnormalities are common. The re-
ported impairments in sensation do not typically follow 
dermatomal distributions.

Provocative tests that reproduce specifi c pain patterns 
can help rule out alternative diagnoses. Examples in-
clude the Spurling test for cervical radiculopathy, Neer 
and Hawkins maneuvers for rotator cuff impingement, 
resisted wrist or fi nger extension for lateral epicondyli-
tis, Tinel sign at the ulnar groove for ulnar neuritis, and 
Finkelstein test for de Quervain tenosynovitis. Provoca-
tive maneuvers that can rule out carpal tunnel syndrome 
include Tinel sign at the wrist, Phalen test, reverse 
Phalen test, and carpal tunnel compression. It is impor-
tant to keep in mind that percussion over the median 
nerve at the wrist, the ulnar nerve at the cubital tunnel, 
or the radial nerve at the elbow may elicit pain or pares-
thesias in RSI, but this is not necessarily indicative of 
nerve injury.

FUNCTIONAL LIMITATIONS
RSI can limit upper extremity function to highly vari-
able degrees.14 Patients may have diffi culty in perform-
ing activities of daily living at home, such as dressing, 
grooming, or preparing a meal. The pain impairment 
may prevent them from participating in recreational 
activities that they formerly enjoyed. They can also be 
quite limited in terms of their work-related activity. For 
example, pain may prevent a patient from being pro-
ductive at work because he or she fi nds it diffi cult to use 
a keyboard and computer to do different tasks. Employ-
ers often advocate functional capacity evaluations to 
defi ne more objectively the amount of physical labor 
that the patient can perform safely.

DIAGNOSTIC STUDIES
Diagnostic tests are ordered if the diagnosis is not clear 
after the history and physical examination, if the results 
of the testing will change management, or if the testing 
is needed for medicolegal reasons. The tests are used to 
exclude other defi nitive conditions that may remain in 
the differential diagnosis after examination. Needle 
electromyography and nerve conduction studies are of-
ten necessary to rule out a peripheral nerve lesion, such 
as median nerve entrapment at the wrist. Electrodiag-
nostic studies provide the distinct advantage of offering 
objective data by quantifying the degree of nerve im-

pairment in a manner that is independent of the pa-
tient’s pain behaviors.15 This can be very important 
when injured workers have interest in substantial sec-
ondary gain and may not be reliable in their effort or 
honesty when motor and sensory nerve function is 
tested on physical examination.

Imaging is likely to be normal in RSI. Plain radiographs 
of the suspected site of disease will generally not reveal 
a fracture in the absence of blunt trauma but may reveal 
underlying degenerative changes that may or may not 
account for the patient’s symptoms. Magnetic resonance 
imaging of the cervical spine and shoulder is often or-
dered to rule out disc herniation, neuroforaminal steno-
sis, and rotator cuff disease. This study may be useful 
only if there is concern for one of these diagnoses based 
on physical examination.16 Magnetic resonance imaging 
is expensive, and abnormalities such as disc bulging and 
degenerative spondylosis are often found in asymptom-
atic individuals and may not explain the current symp-
tom complex.

Laboratory work is seldom necessary at the time of ini-
tial evaluation unless an underlying systemic illness is 
suspected.

Differential Diagnosis

Cervical radiculopathy

Myofascial pain syndrome

Thoracic outlet syndrome

Rotator cuff or biceps tendinitis

Lateral or medial epicondylitis

Compressive neuropathies (e.g., carpal tunnel 
syndrome)

de Quervain tenosynovitis

Osteoarthritis

Fractures

TREATMENT
Initial
Treatment of RSIs should focus on conservative mea-
sures. The fi rst step is to limit exposure to the particular 
repetitive activities that may have contributed to the 
development of the RSI and that continue to induce 
pain. Sick leave should be avoided because it may de-
velop into chronic disability. A substantial proportion 
of workers experience additional injury-related ab-
sences even after their fi rst return to work.17 Time off 
work has proved to be a powerful predictor of disability 
pension; fully following work-related restrictions can 
ensure that the patient remains a productive employee 
by going to work.
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Unfortunately, there is little evidence for the effective-
ness of any specifi c medical intervention for RSI. Clini-
cal treatment is usually targeted at relief of pain and 
acute infl ammation as well as restoration of range of 
motion. Infl ammatory conditions are often treated with 
the PRICE regimen: protection (preventing further in-
jury, perhaps by bracing), rest or activity modifi cation 
(as mentioned before), ice, compression, and elevation 
to minimize swelling.

Icing of the limb for about 20 minutes three times daily 
in conjunction with wrist or elbow splinting can de-
crease symptoms. Other modalities that may be helpful 
in controlling pain symptoms in the acute phase of 
treatment include ultrasound, iontophoresis, and trans-
cutaneous electrical nerve stimulation. Manual mas-
sage, spray and stretch techniques with a vapocoolant 
spray, and paraffi n baths may also alleviate pain in 
some patients.

Medications may also be used to control pain and in-
fl ammation. Nonsteroidal anti-infl ammatory drugs 
(NSAIDs) are usually the fi rst-line pharmaceuticals for 
acute infl ammation. There are many NSAIDs on the 
market from which to choose, and some can easily be 
purchased over-the-counter. It is often useful to try sev-
eral different types of NSAIDs because patient responses 
can be idiosyncratic. Anticonvulsant medications, such 
as gabapentin, pregabalin, and carbamazepine, are also 
often used for pain. They are generally most effective for 
neuropathic pain. Local anesthetic patches (e.g., lido-
caine) can be helpful if they are placed over a localized 
area of arm pain. Trigger point injections with local 
anesthetic or dry needling can also be considered to re-
lieve myofascial pain. Oral narcotics should generally 
be avoided, given the risk of opioid dependency.

Restoration of sleep can be helpful in reducing pain 
perception as well as in decreasing the risk for develop-
ment of depression. The use of low-dose tricyclic antide-
pressants (e.g., nortriptyline or amitriptyline) can be 
effective. If signs of depression are present, appropriate 
antidepressant treatment or referral to a psychiatrist or 
psychologist is indicated.

Rehabilitation
The rehabilitation of a patient with RSI is best achieved 
by a multidisciplinary approach with the physician 
overseeing the treatment plan and following the prog-
ress of the patient. A referral to skilled physical and oc-
cupational therapy is essential.18 The therapists may 
provide several modalities (mentioned before) to de-
crease pain and to facilitate an active stretching and 
strengthening program. They not only focus on the af-
fected limb but also work on total body biomechanics 
and postural control at the workstation and at home. 
Progressive resistive exercise programs can be used, but 
worsening of pain symptoms with increasing exertion is 
often an issue. Progressive resistive exercises can have 
more benefi t if they are introduced with small incre-
ments in resistance, allowing the patient to slowly ad-
just. This approach can improve participation of the 

patient and thus increase strength gains with treatment. 
Further physical conditioning with regimented aerobic 
training, catered to the patient’s personal interests, and 
institution of a home exercise program may reduce 
pain, improve stress management, and increase work 
capacity. It is important to encourage physical activity as 
much as possible. General aerobic conditioning can be 
effective in encouraging a positive health perception.

Relaxation training may also be helpful for chronic, 
nonspecifi c regional arm pain.19 Continued surveillance 
and treatment of mental health can be imperative in 
recovery. Cognitive-behavioral therapy techniques can 
be used to treat the maladaptive beliefs and misconcep-
tions that may accompany upper extremity dysfunc-
tion.20 Moreover, weight reduction, if needed, and 
smoking cessation should also be included in any plan 
to improve overall health.

Other rehabilitative measures for RSI include the fabri-
cation of splints and the introduction of adaptive equip-
ment that may assist in functional activities at home 
and in the workplace. Some therapists are specially 
trained to perform work site analysis and to suggest er-
gonomic modifi cations. Modifi cations can range from 
adjustment in chair height and computer mouse posi-
tion to the substitution of large-handled tools, depend-
ing on the occupation. For computer users, it is gener-
ally recommended that chair height be such that the 
forearms are relatively horizontal to the fl oor and the 
wrists are in a neutral position. The volar aspect of 
the wrist can be supported during typing by a wrist sup-
port placed on the desktop or support tray in front of 
the keyboard. The keyboard should be located in a posi-
tion directly in front of the typist, minimizing ulnar 
deviation of either wrist. The mouse should be placed 
close to midline. Split keyboards and those that provide 
a trackball can help with forearm and hand positioning. 
Voice-activated software is also available for those pa-
tients whose symptoms are refractory to these modifi ca-
tions.15 Ergonomically designed computer touch pads, a 
foot-controlled mouse, and document holders are other 
tools that can help decrease symptoms in RSI.

There is limited evidence in published literature to con-
fi rm the usefulness of ergonomic interventions.21 How-
ever, most clinicians agree that such interventions are a 
worthwhile component of a comprehensive rehabilita-
tion plan. Ergonomic interventions may make the work-
place more comfortable, encouraging the patient to re-
turn to work and possibly preventing work disability.22

Education about proper ergonomics should empower 
patients to make low-cost changes on their own at work 
and at home.

Many factors can limit the effectiveness of work harden-
ing and work conditioning programs.

Individuals who are having diffi culty in returning to 
their previous level of work activity should be evaluated 
for alternative jobs. This can involve consideration of a 
new position with the current employer, if it is mutually 
agreed on. Job redesign that enriches career develop-
ment opportunities may be effective. In fact, studies 
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suggest that interventions aimed at altering workers’ 
perceptions of monotonous or tedious work, through 
better job development opportunities, an increase of 
latitude over working patterns, and the improvement of 
communication between employers and employees, 
may be benefi cial and cost-effective to the employer.23-25

However, in some instances, an entirely different voca-
tion must be pursued. If this is the case, a consultation 
with a vocational rehabilitation specialist is advised.

Procedures
Procedures are rarely indicated in RSI. In a population 
of patients with such a nondefi nitive diagnosis, treat-
ment failures are frequent. Therefore, trigger point in-
jections, lateral epicondylar injections, carpal tunnel 
injections, and the like can be attempted to see if symp-
toms improve. The risk and benefi ts of each procedure 
should be explained in detail, including the risk of no 
relief of pain.

Surgery
Surgery is not indicated for RSI.

POTENTIAL DISEASE COMPLICATIONS
The most feared complication of RSI is increasing func-
tional impairment and disability in all aspects of life. 
Negative outcomes can occur if the patient feels incapa-
ble of using his or her arms and hands. This may result 
in the inability to participate in home, work, and recre-
ational activities. Depression and social isolation may 
accompany prolonged periods of absence from work.

POTENTIAL TREATMENT 
COMPLICATIONS
The risks of treatment complications are rare. Most 
complications are associated with pain medication side 
effects. Analgesics and NSAIDs have well-known ad-
verse reactions that most commonly affect the gastric, 
hepatic, and renal systems. Anticonvulsants can cause 
fatigue, ataxia, edema, or nausea. Tricyclic antidepres-
sants have a high profi le of fatigue, dizziness, dry 
mouth, and constipation. Patients should be informed 
of the side effect profi le of each medication before ad-
ministration. The patient’s complete medication list 
should be reviewed to address potential adverse reac-
tions between medications taken concurrently.
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DEFINITION
Costosternal syndrome is a frequent cause of anterior 
chest wall pain that affects the costosternal1-6 or the cos-
tochondral joints.2,4-7 The pathogenesis of costosternal 
syndrome is still unknown.2,8 Costosternal syndrome is 
considered an entity distinct from the rarely occurring 
Tietze syndrome1-7,9 because it is a frequent cause of be-
nign anterior chest wall pain. Also, as opposed to Tietze 
syndrome, it is not associated with local swelling of the 
involved costosternal or costochondral joints,1-7,9 and it 
usually occurs at multiple sites. The onset is usually after 
40 years of age instead of at a young age as in Tietze 
syndrome, and it affects more women than men. A 
traumatic cause has been proposed,8 and currently it is 
suspected that repetitive overuse lesions of the costoster-
nal joint and anterior chest6,10 may be involved in the 
development of the degenerative changes found at the 
costosternal joint.11,12 The costosternal joints may also 
be infl amed by osteoarthritis, rheumatoid arthritis, an-
kylosing spondylitis, Reiter syndrome, psoriatic arthritis, 
and the SAPHO (synovitis, acne, pustulosis, hyperosto-
sis, and osteitis) syndrome.3,7,12 Infections of the cos-
tosternal joints are associated with tuberculosis, fungus 
(mycetoma, pulmonary aspergilloma, candidal costo-
chondritis13), and syphilis as well as with viruses. The 
costosternal joints may also be the site of tumor inva-
sion either from a primary malignant neoplasm, such as 
a chondrosarcoma or thymoma, or from a metastatic 
carcinoma, most commonly from the breast, kidney, 
thyroid, bronchus, lung, or prostate.12,14 Chondromas 
and multiple exostoses are the most common benign 
tumors.

As one can readily see, costosternal syndromes may be 
a primary condition or secondary to these diseases. The 
condition occurs more frequently in women (a ratio of 
2 to 3:1) and at an older age; two thirds of the patients 
are older than 40 years.1-4,7,8 The left side is more often 
involved. Costosternal joint disease is 1.69 times more 
frequent in patients who undergo median sternotomy 
than in normal controls of the same age.15

SYMPTOMS
The most common symptom in costosternal syndrome 
is pain of the anterior chest wall, usually localized at the 
precordium or at the left parasternal region.8,16 Pain can 
radiate superiorly toward the left shoulder and left 
arm8,16 and also to the neck, scapula, and anterior chest. 
Pain mainly develops after postural changes and ma-
neuvers that place stress over the chest wall structures16

rather than with physical efforts, such as those related to 
pain of cardiac origin.16 Cough, deep breathing, and 
chest and scapular movements usually aggravate pain.5,11

In contrast to Tietze syndrome, in which only one costal 
cartilage is involved in the majority of the patients, mul-
tiple sites are present in 90% of patients with costoster-
nal syndromes.1,2,7-9 The second to the fi fth costal carti-
lages are most commonly affected.1-3,5,8,9 Pain intensity 
may vary; it usually occurs at rest12 and lasts for several 
weeks or months.8,16

PHYSICAL EXAMINATION
Inspection of the patient suffering from costosternal syn-
drome reveals that the patient vigorously attempts to 
splint the joints by keeping the shoulders stiffl y in neutral 
position.12 Differing from the Tietze syndrome, the cos-
tosternal syndrome has no visible spherical local swelling 
or any infl ammatory signs at the costal cartilages.1,4,5,7,9

Pain is reproduced by active protraction or retraction of 
the shoulder, deep inspiration, and elevation of the arm.12

Palpation of the affected portions of the thoracic cage 
elicits local tenderness at multiple sites.9 It may reproduce 
the patient’s spontaneous pain complaint, including its 
radiation.9,17,18 Some authors, however, have not found 
pain reproduction on palpation.4,5,16-18

Synonyms
Anterior chest wall syndrome
Costochondritis
Costosternal chondrodynia
Atypical chest pain

ICD-9 Code
733.6  Tietze disease; costochondral junction syndrome and 

costochondritis
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Several maneuvers have been found to be helpful in 
establishing the diagnosis.8,16 Application of fi rm steady 
pressure to the following chest wall structures elicits the 
patient’s pain complaint: the sternum, the left and right 
parasternal junctions, the intercostal spaces, the ribs, 
the inframammary area, and the pectoralis major and 
left upper trapezius muscles.8,16,17 All of these can pre-
cipitate pain similar in quality and location to the spon-
taneous pain.16 Another maneuver, called the horizon-
tal fl exion test (Fig. 98-1), consists of having the arm 
fl exed across the anterior chest with the application of 
steady prolonged traction in a horizontal direction 
while, at the same time, the patient’s head is rotated as 
far as possible toward the ipsilateral shoulder.2,6,8,10,16,17

Another test, called the crowing rooster maneuver, con-
sists of having the patient extend the neck as much as 
possible by looking toward the ceiling while the exam-
iner, standing behind the patient, exerts traction on the 
posteriorly extended arms.2,8,16,17 Associated myofascial 
pain syndrome of the intercostal, pectoralis major, pec-
toralis minor, and sternal muscles is a common feature 
of the syndrome. These muscles may be tender on 
palpation. Because this syndrome is usually confused 
with pain of cardiac,1,2,11,19,20 abdominal,2,9,16,21 or pul-
monary19 origin, a comprehensive history and physical 
examination are essential in all cases,8,19,20 including 
athletes.6,10

FUNCTIONAL LIMITATIONS
Functional limitations may be due to the severe inca-
pacitating chest pain.16 Activities such as lifting, bath-
ing, ironing, combing and brushing hair, and other ac-
tivities of daily living can be very problematic. Patients 
will need to be at light duty for weeks and to avoid 
physical efforts of the upper limbs and trunk.14 Even 
after a cardiac origin is ruled out for the chest discom-
fort, many patients do not return to full employment, 
recreation, or daily activities22,23 and remain function-
ally impaired for years.23 This functional impairment 
may occur even in patients with chest pain and normal 
angiographic studies22,23 without a proven myocardial 
infarction. Many of these patients may have a costoster-

nal syndrome. However, the continuing regular physi-
cian visits, medication consumption, emergency depart-
ment visits, repeated hospitalizations, and repeated 
arteriographies may be contributing to the functional 
impairment.

DIAGNOSTIC STUDIES
The diagnosis of costosternal syndrome is usually a 
clinical diagnosis based on the detection of chest wall 
tenderness11,16 that reproduces the spontaneous pain on 
physical examination.8,11,16,17,19,20 Coronary heart dis-
ease,2,4,11,16,19,20 breast conditions,24 and pulmonary con-
ditions19,20 may be misdiagnosed with costosternal syn-
drome because of the anatomic proximity of the involved 
structures. Costosternal syndrome may also coexist with 
coronary artery disease2,4,7,11,16,17 and other types of heart 
diseases.16 The differentiation from anginal pain due to 
coronary heart disease may be judged by the pain char-
acteristics. Typical anginal pain is substernal, provoked 
by exertion, and relieved by rest or nitroglycerin.19 Atyp-
ical anginal pain has two of these symptoms, and non-
anginal chest pain has only one of these symptoms.19

Swap and Nagurney20 described a low risk for acute 
coronary syndrome or acute myocardial infarction, with 
a likelihood ratio of 0.2 to 0.3, when chest pain is de-
scribed as stabbing, pleuritic, or positional or is repro-
ducible by palpation. The same authors also described a 
likelihood ratio of 2.3 to 4.7 for acute coronary syn-
drome when the chest pain radiates to one or both 
shoulders or arms or is precipitated by exertion.20 In 
most patients with costosternal syndromes, the pain is 
usually localized in the anterior chest or parasternally at 
the level of the third or fourth intercostal space. As previ-
ously mentioned, it can also radiate superiorly toward 
the left shoulder and down the left arm. Patients experi-
ence pain at rest, and the pain can awaken them from 
sleep.8,16 Chest pain characteristics, electrocardiographic 
abnormalities, or cardiac risk factors should be further 
evaluated by a cardiologist. Radionuclide cineangio-
graphic testing is a sensitive method to differentiate be-
tween costosternal syndromes and cardiac diseases.16

Laboratory and imaging procedures are helpful in the 
diagnosis of the possible secondary causes of the cos-
tosternal syndromes and to rule out other causes of 
anterior chest pain.11,14

Plain radiographs are indicated for patients who present 
with pain possibly emanating from the costosternal 
joints to rule out occult bone tumors, infections, and 
congenital defects. If trauma has occurred, costosternal 
syndrome may coexist with occult rib fractures or frac-
tures of the sternum. These fractures may be missed on 
plain radiographs and can require radionuclide bone 
scanning for proper diagnosis. Increased uptake of ra-
dioactivity on bone scans is seen in most patients; how-
ever, it is not a specifi c test for making the diagnosis of 
costosternal syndrome.25

Additional testing, including complete blood count, 
prostate-specifi c antigen level, sedimentation rate, and 
antinuclear antibody titer, may be indicated to rule out 
other diseases that may cause a costosternal syndrome, 

FIGURE 98-1. Horizontal fl exion test for the diagnosis of costosternal 
syndrome.
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such as rheumatoid arthritis, ankylosing spondylitis, 
Reiter syndrome, and psoriatic arthritis. Magnetic reso-
nance imaging of the joints is indicated if joint instabil-
ity or occult mass is suspected. Diagnostic ultrasonogra-
phy may also be indicated to investigate the presence of 
an occult mass.

Neuropathic pain caused by diabetic polyneuropathies 
and acute herpes zoster involving the chest wall may also 
be confused or coexist with costosternal syndrome.12

A highly reliable test (and an effective differential diagnos-
tic procedure that can confi rm the diagnosis of costoster-
nal syndrome) is the complete pain relief noted after an 
intercostal block at the posterior axillary line.8 Patients 
with cardiac disease will have little or no effect on their 
pain because the nociceptive pathways from the heart are 
in the sympathetic afferents located in the paravertebral 
region. This test is both diagnostic and therapeutic.

TREATMENT
Initial
Initial treatment of the pain and functional disability 
associated with costosternal syndromes should include 
simple oral analgesics,2,17 such as acetaminophen and 
nonsteroidal anti-infl ammatory drugs,12,26 alone or in 

combination with codeine8 or tramadol. The use of an 
elastic rib belt may also provide symptomatic relief and 
help protect the costosternal joints from additional 
trauma.12 Reassurance that the diagnosis is a non–life-
threatening musculoskeletal pain syndrome can often 
by itself reduce the anxiety and fears and lead to symp-
tomatic pain relief.2,6-9,11,16,26

In the secondary forms of costosternal syndromes, the 
underlying conditions should be addressed for good 
results.16

Rehabilitation
Physical modalities, such as local superfi cial heat for 
20 minutes, two or three times a day, or ice for 10 to 
15 minutes, three or four times a day, can be performed 
while symptoms are present.11,17 Transcutaneous electri-
cal nerve stimulation and electroacupuncture may be 
applied over the painful area. Gentle, pain-free range of 
motion exercises should be introduced as soon as toler-
ated. Vigorous exercises should be avoided because they 
exacerbate the patient’s symptoms. Perpetuating and ag-
gravating factors,26 such as chronic coughing and bron-
chospasm, among others, should always be removed.

Procedures
For patients who do not respond to the initial or reha-
bilitation treatment modalities, a local anesthetic and 
steroid injection5,6,9,11,12,24 can be performed as the next 
symptom control maneuver. Even in patients with coex-
isting true anginal pain, the relief of local chest pain is 
evident. Intra-articular injection of the costosternal joint 
(Fig. 98-2) is performed with the patient in the supine 
position.12 The area of maximum tenderness can be in-
fi ltrated with a local anesthetic (2% lidocaine7,24 or 
0.25% preservative-free bupivacaine12) and methylpred-
nisolone acetate7,11,12,24 at the dosage of 10 mg per 
costosternal joint24 using a 11⁄2-inch, 25-gauge needle 
with strict aseptic technique.12 The costosternal joints 
should be easily palpable as a slight bulging at the point 

Differential Diagnosis

Angina pectoris

Acute myocardial infarction

Tietze syndrome

Dislocation and fracture of the ribs, sternum, and clavicle

Congenital sternoclavicular malformations

Myofascial pain syndrome at the anterior chest wall: 
sternal, pectoralis major, pectoralis minor, scalene, ster-
nocleidomastoid (sternal head), subclavius, and cervical 
iliocostal muscles

Tumors of the costal cartilages

Costochondral dislocations

Trauma and arthritis of the sternoclavicular joint

Sternoclavicular hyperostosis

Manubriosternal arthritis

Trauma to the sternum

Xiphoidalgia syndrome

Diseases of the lung (pneumonia, lung abscess, 
atelectasis)

Spontaneous pneumothorax

Mediastinal emphysema

Mediastinitis

T1-12 radiculopathy (herpes zoster, postherpetic 
neuralgia)

FIGURE 98-2. Schematic representation of the injection site at the sec-
ond costosternal junction.
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where the rib attaches to the sternum.12 An intercostal 
block at the posterior axillary line provides complete 
relief for 6 to 10 hours.8

Surgery
Surgical procedures are rarely necessary.9 Costosternal 
or sternoclavicular arthrodesis may be performed if con-
servative measures fail to provide satisfactory results.

POTENTIAL DISEASE COMPLICATIONS
Costosternal syndromes are of benign origin, and com-
plications rarely develop. They are self-limited,9 and 
spontaneous recovery usually occurs after 1 year in the 
majority of the cases.4 Pain exacerbation due to physical 
activities and overload is usually followed by spontane-
ous recovery. However, as mentioned earlier, because of 
the many pathologic processes that may mimic the pain 
of costosternal syndrome, the clinician should always 
be careful to rule out underlying cardiac, lung, breast, 
and mediastinum diseases.

POTENTIAL TREATMENT 
COMPLICATIONS
The systemic complications of analgesics such as non-
steroidal anti-infl ammatory drugs are well known and 
most commonly affect the gastric, hepatic, and renal 
systems. Local steroid combined with local anesthetic 
injections may cause pneumothorax if the needle is 
placed too laterally or deeply and invades the pleural 
space.12 Cardiac tamponade as well as trauma to the 
contents of the mediastinum, although rare, can occur. 
This complication can be greatly decreased if the clini-
cian pays close attention to accurate needle placement12

or performs the injection with ultrasonographic guid-
ance. Transient marked hypophosphatemia has been 
documented 8 hours after an intra-articular glucocorti-
coid injection in a patient with chronic costochondri-
tis.27 In this patient, hypophosphatemia was clinically 
characterized by limb paresthesia and weakness, fol-
lowed by dysarthria.27 All of these symptoms resolved 
within hours, even before the hypophosphatemia re-
solved.27 Iatrogenic infections can also occur if strict 
aseptic techniques are not followed.12
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DEFINITION
Intercostal neuralgia is pain in the chest region ema-
nating from an intercostal nerve. The pain is typically 
a sharp, shooting, or burning pain radiating around 
the chest wall. It can be accompanied by altered sensi-
tivity to touch, such as allodynia or an area of hyperal-
gesia. Intercostal neuralgia occurs commonly after 
thoracotomy.1-4 It can also be seen in elderly debili-
tated patients without a known precipitating event.5
Other causes include rib trauma, benign periosteal li-
poma,6 and pregnancy.7

Intercostal nerves are peripheral nerves that run along 
with the vascular bundle on the inferior surface of each 
rib (Fig. 99-1). Intercostal nerves are derived from the 
ventral rami of the fi rst through twelfth thoracic nerves 
(Fig. 99-2), with the fi rst, second, third, and twelfth be-
ing atypical. Only 17% of intercostal nerves were found 
in the classic subcostal position in one study.8 In Har-
dy’s study, a midcostal location was the most prevalent 
at 73%; an additional 10% were supracostal. The inter-
costal nerve gives off four main branches as it travels 
anteriorly: gray rami communicantes, posterior cutane-
ous branch, lateral cutaneous division, and anterior 
cutaneous division.

SYMPTOMS
Chest pain is the cardinal symptom. Because intercostal 
neuralgia involves a peripheral nerve, the pain is neuro-
pathic rather than nociceptive. Neuropathic pain is often 
unrelenting, shooting, burning, and deep. The Interna-
tional Association for the Study of Pain defi nes neuro-
pathic pain as “pain initiated or caused by a primary 

lesion or dysfunction in the nervous system.”9 Neuro-
pathic pain is characterized by three symptoms: dyses-
thesias, paroxysmal pain, and allodynia.10 Dysesthetic 
pain is an abnormal sensation described as unpleasant. 
Patients commonly use terms such as aching, cramping, 
pressure, and heat to describe a dysesthetic pain.11 Parox-
ysmal pain is pain that comes in waves and is often 
described as lancinating or electric. Allodynia is the 
abnormal perception of pain after a normally nonpain-
ful mechanical or thermal stimulus.11 Patients with 
allodynia may respond to light touch with an exagger-
ated pain response or report a sensation of heat when a 
cold stimulus is applied.

Intercostal neuralgia pain is unilateral. It is common 
(up to 81%) after thoracotomy for coronary artery by-
pass grafting to the internal thoracic artery as well as 
after thoracotomy for tumor excision.3,4 During thora-
cotomy (either open or video-assisted thoracoscopic 
surgery), the intercostal nerve may be directly injured 
during rib resection, compressed by a retractor, or later 
entrapped by a healing rib fracture. Intercostal neural-
gia may follow other forms of chest trauma. It may 
mimic the pain of shingles (herpes zoster) but without 
the rash and can occur without signifi cant trauma in 
the elderly.

The mechanism of neural injury may be due to ectopic 
signals from neural “sprouts” after axonal injury. This 
new nerve growth may become a pain generator, espe-
cially if it becomes entrapped in scar tissue, forming a 
neuroma. Another mechanism may be compression or 
disruption of the nervi nervorum afferents in the con-
nective tissue covering, producing a peripheral neuro-
pathic pain.

PHYSICAL EXAMINATION
Much of the physical examination in intercostal neural-
gia is done to exclude other sources of pain. First, it is 
important to exclude cardiac and other visceral sources 
of chest pain (Table 99-1). Although point tenderness is 
uncommon during myocardial infarction, the presence 
of point tenderness does not exclude signifi cant cardiac 
disease. In intercostal neuralgia, there are no constitu-
tional signs, such as fever, dyspnea, diaphoresis, or 

Synonyms
Intercostal neuralgia
Intercostal neuroma
Intercostal nerve pain

ICD-9 Code
353.8 Intercostal neuralgia
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due to tumor recurrence. On the other hand, pain that 
persists for months or years after thoracotomy is most 
likely (70%) intercostal neuralgia.12

Once the chest pain has been determined to be neuro-
musculoskeletal, the task becomes one of differentiation 
of intercostal neuralgia from thoracic radiculopathy, her-
pes zoster, rib fracture, costochondritis, and local contu-
sion. History of trauma, ecchymosis, crepitus, and point 
tenderness over a rib suggests rib fracture. If the trauma 
was minor, a contusion or intercostal neuralgia may be 
the source of discomfort. Contusions typically improve 
quickly during a period of weeks and are responsive to 
simple analgesics, such as acetaminophen and nonsteroi-
dal anti-infl ammatory medications. Pain from intercostal 
neuralgia persists and can be quite refractory to ace-
taminophen, nonsteroidal anti-infl ammatory drugs, and 
even low-dose narcotics.

Careful palpation along the thoracotomy scar or rib 
may reveal a neuroma with the presence of a Tinel 
sign. Larger neuromas can often be visualized on mag-
netic resonance imaging. Sensory examination often 
reveals a small (1 to 2 cm) band of dermatomal sen-
sory loss.

Examination of the thoracic spine reveals full active 
range of motion without tenderness. In contrast, tho-
racic radiculopathy may be accompanied by pain with 
range of motion and at times thoracic spinal tenderness. 
Still, pain from thoracic radiculopathy is similar in qual-
ity and distribution to intercostal neuralgia. Active de-
nervation potentials in the paraspinal muscles at the af-
fected site confi rm a radicular rather than a peripheral 
(intercostal nerve) source of the pain. Advanced imaging 
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FIGURE 99-1. Intercostal nerve location. 
The intercostal nerve (N) runs along the 
inferior rib with the artery (A) and vein 
(V). (Reprinted with permission from 
Chung J. Thoracic pain. In Sinatra RS, 
Hord A, Ginsberg C, Preble L, eds. Acute 
Pain. St. Louis, Mosby, 1992:230.)
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FIGURE 99-2. Intercostal nerves are derived from the ventral rami of the 
fi rst through twelfth thoracic nerves. (Reprinted with permission from 
Saberski LR. Cryoneurolysis in clinical practice. In Waldman S, ed. Inter-
ventional Pain Management, 2nd ed. Philadelphia, WB Saunders, 
2001:226-242.)

shortness of breath. Cardiopulmonary examination 
should be normal or stable if prior cardiovascular or 
pulmonary disease exists.

Intercostal neuralgia is common after thoracotomy.1-3

Pain that recurs after a pain-free period that follows a 
thoracotomy for tumor resection is likely (90%) to be 
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often confi rms a thoracic disc herniation or spinal steno-
sis as the source of the neural compression in thoracic 
radiculopathy (see Chapter 39).

Intercostal neuralgia is distinct from postherpetic neu-
ralgia (shingles), and no herpes zoster virus can be 
identifi ed in cases of intercostal neuralgia. Furthermore, 
in most cases of shingles, the chest pain is followed 
within a matter of days to weeks by a vesicular, linear 
eruption. The more debilitating pain of postherpetic 
neuralgia follows the skin lesions of shingles.

FUNCTIONAL LIMITATIONS
The pain of intercostal neuralgia is commonly mild to 
moderate but can be debilitating because it may inter-
fere with one’s ability to comfortably wear clothes. In 
one study, nearly 10% of post-thoracotomy patients 
observed for a mean of 19.5 months had moderate to 
severe pain that required daily analgesics, nerve blocks, 
relaxation therapy, acupuncture, or referral to a pain 
clinic.4 The pain may also interfere with sleep. Trunk 
motion may stimulate the intercostal nerve, especially if 
a neuroma has formed. As a result, patients may begin 
restricting their activities.

DIAGNOSTIC STUDIES
Final diagnosis of intercostal neuralgia is often one of 
exclusion. Depending on which intercostal nerve is in-
volved, chest pain from intercostal neuralgia may re-
quire an initial workup such as electrocardiography, 
cardiac enzyme analysis, cardiac computed tomography 
or magnetic resonance imaging, and other testing to 
exclude a cardiac source. In the case of pain with a his-
tory of chest malignant disease, chest radiography, com-
puted tomography, and bronchoscopy may be necessary 
to exclude recurrence of tumor. In patients whose his-
tory includes chest trauma, rib radiographs and at times 
bone scans help identify rib fractures.

Thoracic magnetic resonance imaging can exclude a disc 
herniation in an anatomically related area. Recall that it 
is not uncommon to identify asymptomatic disc hernia-
tions. In cases in which the disc protrusion does not 
cause clear compression but is abutting a thoracic nerve 
in the painful distribution, electrodiagnostic testing can 
exclude thoracic radiculopathy. Lesions of the intercos-
tal nerve do not cause denervation in the thoracic para-
spinal muscles.

When a postoperative neuroma is suspected, careful 
palpation often reveals a Tinel sign. Magnetic resonance 
imaging of the suspected area may reveal the neuroma. 
Small neuromas may be missed on magnetic resonance 

TABLE 99-1 Other Causes of Chest Pain

Cardiovascular

Myocardial ischemia

Pericarditis

Aortic dissection

Pulmonary

Pneumonia

Pneumothorax

Pleurisy

Pulmonary embolus

Tumor

Gastrointestinal

Esophageal

  Esophagitis

  Refl ux

  Perforation

  Spasm

  Cancer

Biliary

  Cholelithiasis

  Cholecystitis

  Cholangitis

  Colic

Pancreatic

  Pancreatitis

  Cancer

Intestinal

  Peptic ulcer

  Gastritis

  Cancer

Musculoskeletal

Vertebral compression fracture

Tietze syndrome

Thoracic radiculopathy

Thoracic disc herniation

Cervical disc herniation

Costochondritis

Rib fracture

Costovertebral pain

Chest contusion

Spondylitis

Infective

Herpes zoster

Psychiatric

Depression

Anxiety

Hyperventilation

Renal

Nephrolithiasis

Pyelonephritis

Tumor
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examination only to be identifi ed later at the time of 
surgical resection.

Historical red fl ags including history of malignant dis-
ease, unexplained weight loss, malaise, and severe night 
pain raise the index of suspicion for rib metastases rather 
than intercostal neuralgia as the cause of the patient’s 
chest pain. Appropriate oncologic workup, such as bone 
scans, laboratory investigation, and at times positron 
emission tomographic scans, should be performed.

tested on populations of patients with intercostal neu-
ralgia. Instead, physicians are left to extrapolate the data 
from treatment of other sources of neuropathic pain 
and to apply those principles in choosing medication to 
be used for this population. Often, neuropathic pain 
responds poorly to acetaminophen, nonsteroidal anti-
infl ammatory drugs, and low-dose narcotics, in contrast 
to nociceptive pain.15,16 However, if the pain is mild to 
moderate, these agents are often tried fi rst. Topical 
agents may be effective when there is signifi cant allo-
dynia or dysesthesia. The patient may need a family 
member to help apply the topical agent because it may 
be diffi cult to reach the involved area. Capsaicin creams 
are available both over-the-counter and by prescription. 
They require frequent application three or four times a 
day and may initially cause an exacerbation of pain as 
substance P is depleted. Topical lidocaine applied as a 
gel, eutectic mixture of local anesthetics (EMLA), or 
patch (Lidoderm) is another alternative.17

Tricyclic antidepressants (e.g., amitriptyline, nortripty-
line, desipramine) have been used for neuropathic pain 
for decades.18 The dosage for analgesia is typically lower 
than that required to treat depression. Onset of action 
may be in days to weeks. The mechanism of action in 
neuropathic pain is believed to be modulation of de-
scending inhibitory pathways by selective inhibition of 
norepinephrine or serotonin reuptake. Tricyclic antide-
pressants all have anticholinergic effects and may cause 
confusion, increase the risk of falls and injury, and 
result in urinary retention. For these reasons, it is rec-
ommended that amitriptyline be avoided in persons 
older than 65 years. Despite this, amitriptyline (Elavil) 
is still a widely prescribed tricyclic antidepressant for 
neuropathic pain; it is usually started at 10 mg at bed-
time and titrated upward as tolerated at 2- to 3-day in-
tervals. Newer antidepressants such as duloxetine (Cym-
balta) are approved for treatment of painful diabetic 
peripheral neuropathy and may be a better choice for 
elderly or debilitated patients with neuropathic pain.

Anticonvulsants are another mainstay for treatment of 
neuropathic pain. Anticonvulsants may work in several 
ways, including suppression of paroxysmal discharges 
and overall neuronal hyperexcitability.19 Older agents 
like carbamazepine and phenytoin have a narrow thera-
peutic window and risks of serious adverse drug reac-
tions. These agents require careful monitoring if they 
are used. Bone marrow suppression occurs in up to 1% 
of patients, and severe dermatologic reactions like 
Stevens-Johnson syndrome and epidermal necrolysis 
have also been reported with carbamazepine. Newer 
anticonvulsants, such as gabapentin (Neurontin) and 
pregabalin (Lyrica), are often chosen for their more fa-
vorable side effect profi les, effi cacy, and limited interac-
tion with other drugs. Gabapentin and pregabalin com-
monly cause sedation and may cause edema; both are 
indicated for neuropathic pain of diabetic peripheral 
neuropathy. These agents do not require blood samples 
for drug levels to be monitored. Dosing typically begins 
low and at night. For example, many practitioners start 
with gabapentin 300 mg at bedtime and titrate to 600 to 
800 mg two or three times daily. At times, even higher 

Differential Diagnosis

Thoracic radiculopathy

Malignant neoplasm (primary or metastatic)

Rib fracture

Vertebral compression fracture

Chest wall contusion

Postherpetic neuralgia

Shingles

Referred pain from cardiac, pulmonary, vascular, or 
gastrointestinal disease

 Angina

 Aortic dissection

 Myocardial infarction

 Esophageal disorders

 Cholecystitis

 Peptic ulcer disease

 Pancreatitis

 Biliary colic

 Pleurisy

 Pulmonary embolism

 Pneumothorax

Costochondritis

Tietze syndrome

Nephrolithiasis

Pyelonephritis

Costovertebral or costochondral arthritis

Spondylitis

TREATMENT
Initial
Thoracic radiculopathy, postherpetic neuralgia, and in-
tercostal neuralgia are all forms of neuropathic pain, 
and they share many initial conservative treatment op-
tions. Principles of treatment of neuropathic pain in 
general, rather than a specifi c disease state, are em-
ployed.13,14 Typically, drugs have not been specifi cally 
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doses are prescribed. Dosages are reduced in patients 
with renal insuffi ciency. Gabapentin and other anticon-
vulsants should be tapered before discontinuance. Like 
gabapentin and pregabalin, topiramate has also been 
used off-label for intercostal neuralgia.20

Narcotics are often required for intercostal neuralgia. 
Adequate analgesia is needed to promote continued 
activity levels and to prevent deconditioning from dis-
use. Initial treatment should be with short-acting agents. 
Treatment of intercostal neuralgia can be protracted, 
and patients are often switched to long-acting agents for 
maintenance. If the pain is progressive, one should re-
evaluate the diagnosis and reconsider the possibility of 
occult tumor.

In refractory cases of neuropathic pain, clonidine, an ad-
renergic agonist, and ketamine, an N-methyl-D-aspartate 
(NMDA) receptor antagonist, may be prescribed by pain 
specialists.10

Rehabilitation
Physical and occupational therapy can be instrumental 
in combating disuse deconditioning. Also, desensitiza-
tion techniques may be employed. Psychological con-
sultation in patients who exhibit signs of anxiety, de-
pression, or panic disorder may be benefi cial to address 
the negative impact of these psychological stressors on 
the pain or the patient’s behavior in response to the 
pain. Relaxation therapy and acupuncture have also 
been employed.4

Procedures
Local infi ltration of a neuroma with corticosteroids and 
local anesthetics, intercostal nerve blocks, indwelling 
epidural catheters, and spinal nerve injections have all 
been used to control the pain associated with intercos-
tal neuralgia when adequate relief is not achieved with 
oral and topical medications.

If a focal neuroma is identifi ed, infi ltration with several 
milliliters of local anesthetic with 40 mg of a long-
acting corticosteroid, such as methylprednisolone 
(Depo-Medrol) or triamcinolone (Kenalog), often re-
sults in signifi cant analgesia. In addition to its potent 
anti-infl ammatory effect, the corticosteroid may also 
reduce neural discharges. Care must be taken during the 
injection to avoid pneumothorax.

Intercostal nerve blocks should be performed with ap-
propriate monitoring. There are several techniques well 
described in interventional pain management books.21

One common technique is to position the patient 
prone and to identify the angle of the rib just lateral to 
the sacrospinalis muscles (Fig. 99-3). The skin is moved 
up over the rib, and the needle is introduced down onto 
the posterior periosteum of the rib and then walked 
inferior. At the angle of the rib, the rib is typically 8 mm 
thick. Great care must be taken not to overpenetrate and 
cause a pneumothorax; 3 to 5 mL of local anesthetic is 
instilled along with 20 to 40 mg of a long-acting corti-
costeroid, such as triamcinolone. The needle is then 

withdrawn slightly and moved back over the rib before 
safe removal. Another approach is midaxillary and may 
be preferred in postoperative and acutely ill patients 
who cannot be easily positioned prone.

If symptoms are well controlled with intercostal nerve 
blocks but recur, neurolytic injection of phenol or alco-
hol has been used to denervate the peripheral nerve.21

Indwelling epidural catheters have been used to provide 
regional anesthesia with minimal drug use. A report of 
pregnant patients who developed intercostal neuralgias 
found this technique safe and effective.7

Cryotherapy involves another way of interrupting the 
peripheral nerve’s ability to transmit pain by freezing it. 
Cryotherapy has been used on neuromas and the in-
volved intercostal nerve.22

Spinal cord stimulators have been implanted for inter-
costal neuralgia, but with less success than in neuro-
pathic pain due to diabetic peripheral neuropathy and 
causalgia.23 Chronic post-thoracotomy pain and inter-
costal neuralgia can be diffi cult to control. In one study, 
up to 40% of post-thoracotomy patients required pain 
procedures including trigger point injections, intercos-
tal nerve blocks, epidural steroid injections, and stellate 
ganglion blocks.2

Surgery
Surgical resection of a neuroma can be effective but 
should be reserved for cases that have failed more con-
servative care and have demonstrated a temporary re-
sponse to intercostal blocks. Dorsal root entry zone 
ablation involves surgical destruction of nociceptive 

Intercostal
nerve

Pleura Vein and
artery

FIGURE 99-3. Intercostal nerve injection technique. The needle is ad-
vanced over the rib. Initial contact indicates posterior depth of the nerve. 
The skin and needle are then moved inferiorly off the rib, with care taken 
to avoid advancement of the needle too far, causing a pneumothorax. 
(Reprinted with permission from Chung J. Thoracic pain. In Sinatra RS, 
Hord A, Ginsberg C, Preble L, eds. Acute Pain. St. Louis, Mosby, 1992:231.)
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secondary neurons in the spinal cord when pain is not 
adequately controlled with medical therapy.24,25 The 
technique involves laminectomy with intradural expo-
sure of the spinal cord. With an operating microscope, 
a radiofrequency probe is used to heat the dorsal horn 
of the affected side with a series of lesions.

POTENTIAL DISEASE COMPLICATIONS
Untreated upper intercostal neuralgia can lead to a fro-
zen shoulder as patients limit their use of the arm in 
response to the pain. Intercostal neuralgia can also 
cause a chronic pain syndrome with its comorbidities. 
Psychosocial dysfunction associated with chronic neu-
ropathic pain includes impaired sleep, decreased appe-
tite, and diminished libido.

POTENTIAL TREATMENT 
COMPLICATIONS
All medications carry risks. Many of the medications 
used for neuropathic pain (anticonvulsants, tricyclic 
antidepressants, narcotics) cause sedation. Injections 
in the area carry the risk of pneumothorax, bleeding, 
and infection. Surgical techniques may result in fur-
ther nerve damage and pain, infection, bleeding, and 
pneumothorax.
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DEFINITION
Tietze syndrome is defi ned as a benign, self-limited, 
nonsuppurative, localized, painful swelling of the upper 
costal cartilages that is of unknown etiology.1-11 It affects 
the costochondral, costosternal, or sternoclavicular 
joints.2,5-7,9 The manubriosternal and xiphisternal joints 
are less frequently affected.5,10 First described by a 
German surgeon in Breslau, Alexander Tietze, in 1921,12

it is different from costosternal syndrome.5-11,13,14 Tietze 
syndrome is a rare cause of benign anterior chest wall 
pain associated with local swelling of the involved costal 
cartilages5,6,14 (Fig. 100-1); on the other hand, costoster-
nal syndrome is a frequent cause of benign anterior 
chest wall pain without a local swelling of the involved 
costochondral joints.5-11,13,14 Tietze syndrome is also 
typically described in young adults and is a disease of 
the second and third decades of life.10,14 Although it is 
not common, Tietze syndrome may also appear in chil-
dren, infants,10,15 and elderly people.16 It affects both 
men and women in a 1:1 ratio,4-6,9,10,17 as opposed to a 
male-to-female ratio of 2 to 3:1 for costosternal syn-
drome.9,10 Lesions are unilateral and single in more than 
80% of patients,4,10 and the second and third costal car-
tilages are most commonly involved.1,4,6,9-14 Costoster-
nal syndrome, though, involves multiple costal cartilages 
in 90% of patients.5,9,10

The pathogenesis of Tietze syndrome is unknown.1-4,6,8-10

Recurrent functional overloading or microtrauma to the 
costal cartilages from severe coughing, heavy manual 
work, sporting activities,11,18 and sudden movement of 

the rib cage as well as malnutrition, sprain of the intra-
articular sternocostal ligament, and respiratory tract in-
fections may infl uence the development of Tietze syn-
drome.2,5,6,8-10,14,17 Costal swelling may be due to focal 
enlargement,4,7 ventral angulation or irregular calcifi ca-
tion of the affected costal cartilage,4,19 and thickening of 
overlying muscle.19,20 Tietze syndrome may mimic a va-
riety of life-threatening clinical entities4,6,17,21 and must 
be considered in the differential diagnosis of any painful 
mass in the peristernal area. Clinical awareness of this 
syndrome and of its benign course may minimize per-
formance of invasive diagnostic procedures.15

SYMPTOMS
Clinical manifestations include the sudden or gradual 
onset of pain of variable intensity3,4,10,17 in the upper 
anterior chest wall in association with a fusiform and 
tender swelling of the involved costal cartilage.4,17 De-
spite descriptions that pain may radiate to the shoulder, 
arm, and neck,3,4,14 its distribution is usually within the 
segment innervated by the afferent fi bers carrying the 
painful impulse.2 It is often aggravated by motion of 
the thoracic wall, sneezing, coughing, deep breathing, 
bending, exertion,1-8,17 and lying prone or over the af-
fected side.10 Some patients report inability to fi nd a 
comfortable position in bed and have pain on turning 
over in the bed.1 Weather change, anxiety, worry, and 
fatigue may exacerbate the pain.4 Symptoms are usually 
unilateral, with no preferential side.3 There is no re-
ported association with sternotomy.

PHYSICAL EXAMINATION
On physical examination, a slight fi rm swelling is noted at 
the involved site.1-4,17 Systemic manifestations4,6,10,15,17 and 
infl ammation are usually absent,1,4,5,7,10,17 but there may 
be local heat.17 Pain is reproduced with active protraction 
or retraction of the shoulder, deep inspiration, and eleva-
tion of the arm14 (Fig. 100-2). A unique visible, spherical, 
nonsuppurative, tender tumor of elastic-hard and pasty 
consistency can be palpated, usually over the second and 
third costochondral joints. Local palpation with fi rm pres-
sure over the localized tender swelling reproduces the 
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spontaneous pain complaint14 (Fig. 100-3). Physical ex-
amination fi ndings of the musculoskeletal and neurologic 
systems of reported cases from the literature are usually 
normal except for the local fi ndings.4-6,15,17,20 Muscle 
strength and upper limb range of motion may be de-
creased because of pain. Dermatomal and subcutaneous 
hyperalgesia (Fig. 100-4) and hyperemia (Fig. 100-5) may 
be present in the involved thoracic spinal segments. The 
adjacent intercostal,14 sternal, and pectoralis major and 
minor muscles may be tender to palpation.16

FUNCTIONAL LIMITATIONS
The disability produced by Tietze syndrome is usually 
minor, although it can be quite severe with activity 
restriction involving the trunk and upper limbs. Ac-
tivities such as lifting, bathing, ironing, combing and 
brushing hair, and other activities of daily living 
can be very problematic. Patients who have physically 

vigorous jobs may need to be assigned light duty for 
weeks and to avoid physical efforts of the upper limbs 
and trunk.1 Functional limitations may also be due to 
chronic pain22; however, even of those patients who 
continue to have pain after 1 year, most lead a life 
without disability.

DIAGNOSTIC STUDIES
Diagnosis of Tietze syndrome is essentially made on a 
clinical basis: anterior chest wall pain confi rmed by 
palpation of a tender swelling at the second or third 
costochondral junction that reproduces the patient’s 
complaint in the absence of another defi nite diagno-
sis.3-5,7-9,13,17 Results of laboratory analysis, including 
infl ammatory and immunologic parameters, are usually 
normal.4-9,17 Some cases may show a slight increase in 
the erythrocyte sedimentation rate.7,15,17

Chest, rib, and sternum plain fi lms and conventional 
tomograms of the costochondral junction are generally 
normal.6,20,23 Plain radiographs may show cartilage en-
largement on tangential views, chondral calcifi cation, 
irregularities at the joint surface, osteosclerosis, and 
presence of osteophytes at the costal joint. However, 
these radiographic changes may also be found in physi-
ologic costochondral calcifi cations.24 Plain radiographs 
are therefore mainly indicated to rule out occult bone 
diseases, including tumors, low-grade infections, tender 
fat or lipomas, chest wall contusion, and congenital 
deformity.4,14,19 Tuberculosis, chondroma, and chon-
drosarcoma are mostly located at the costochondral 
junction.19

Ultrasonographic fi ndings of the affected costochondral 
joints are characterized by an increase of the size of the 
affected costal cartilage compared with the contralateral 
symmetric joint25 (Fig. 100-6) and normal age- and 
gender-matched controls.26 There is also a nonhomoge-
neous increase in the echogenicity of the diseased carti-
lage,26,27 with a marginal blurring of the costal cartilage 

FIGURE 100-2. Reproduction of the spontaneous pain complaint dur-
ing arm elevation in a patient diagnosed with Tietze syndrome.

FIGURE 100-1. Schematic representation of the area 
of Tietze syndrome (costal cartilage, costosternal and 
costochondral joints) and anatomic relations with the 
mediastinal structures and other anterior chest wall 
structures.
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Pectoralis
major muscle
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FIGURE 100-4. Subcutaneous hyperalgesia during the pinch and roll 
maneuver at the thoracic level.

FIGURE 100-5. Hyperemia localized at the involved thoracic spinal seg-
ments after the pinch and roll maneuver.

at the painful area27 and dotty, hyperrefl ective echoes 
and intense broad posterior acoustic shadow26 (see 
Fig. 100-6). The normal ultrasonographic picture of 
the costal cartilage (Fig. 100-7) appears as a hypoechoic 
oval area with the absence of posterior acoustic shad-
ows in the longitudinal scans26; in the transverse scan, 
the costal cartilage appears as a ribbon-shaped homoge-
neous hypoechogenicity with no posterior acoustic 
shadowing.26

FIGURE 100-6. Comparison of the ultrasonographic fi ndings of the 
affected costochondral joint (left) and the nonaffected contralateral 
joint (right) in an 82-year-old woman diagnosed with Tietze syndrome. 
The affected costochondral joint appears with a discrete increased size 
and as a nonhomogeneous hyperechoic cartilage with dotty, hyper-
refl ective echoes and broad posterior acoustic shadows. (Courtesy of 
Marcelo Bordalo Rodrigues.)

FIGURE 100-3. Local palpation with fi rm 
pressure over the localized tender swelling 
reproduces the spontaneous pain complaint.
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Computed tomography of the chest is an effective non-
invasive means of imaging costal cartilage and adjacent 
structures in patients with Tietze syndrome.20,23,26 Cos-
tal cartilage is normally symmetric in size and orienta-
tion at any level and is normally oriented along the 
horizontal axis.20 Cartilage density is uniform and 
greater than that of the overlying muscle but less than 
calcium density.20 Reported computed tomographic ab-
normalities of patients with Tietze syndrome include 
focal enlargement of the involved costal cartilage,6,20,23

ventral angulations,6,17,20,23 swelling or irregular calcifi -
cation of the affected costal cartilage,20,23 perichondral 
soft tissue swelling, and periarticular bone sclerosis.5,28

Computed tomographic scan is useful to exclude other 
possible causes of chest wall or thoracic mass le-
sions,6,29,30 such as malignant lymphoma,20,31 osteosar-
coma,32 mediastinal carcinoma,33 chest wall metasta-
sis,29 infection,30 and costal cartilage fractures.34

Asymmetric thickening of the pectoralis major muscle 
simulating a chest wall mass can also be excluded.20

Planar bone scanning with technetium Tc 99 usually 
reveals intense tracer uptake, but the fi ndings are not 
specifi c.4,6,17,24,28 Bone scintigraphy allows the precise 
localization of the involved joint6 and delineates the 
number of involved joints; it should be considered to 
rule out occult fractures of the ribs and sternum in cases 
of local trauma.14

Pinhole skeletal scintigraphy seems to enhance diagnos-
tic specifi city.24 It is able to show a characteristic appear-
ance of a drumstick-like pattern in acute cases and a 
C-shaped or inverted C–shaped uptake in the chroni-
cally affected costal cartilage.24

Magnetic resonance imaging of the joints is indicated if 
an occult mass is suspected.9,14

The histopathologic characteristics of costal cartilage in 
Tietze syndrome are usually normal17 or nonspe-
cifi c.3,6,7,17 These characteristics include increased vascu-
larity and degenerative changes with patchy loss of 

ground substance leading to a fi brillar appearance.6,28,35

Degenerative changes occur with the formation of clefts, 
which may undergo calcifi cation.1,28,35

FIGURE 100-7. Normal ultrasonographic appearance of the costal carti-
lage. The normal costal cartilage appears as the homogeneous hypo-
echoic oval area between the sternum and the costal arch. (Courtesy of 
Marcelo Bordalo Rodrigues.)

Costal arch

Sternum

Differential Diagnosis

Anterior Chest Wall Pain of Local Origin
Costosternal syndrome

Trauma: dislocation and fractures of the ribs, sternum, 
clavicle, costal cartilage, costochondral or sternoclavicular 
joint

Arthritis: osteoarthritis, rheumatoid arthritis, ankylosing 
spondylitis, Reiter syndrome, psoriatic arthritis, SAPHO 
(synovitis, acne, pustulosis, hyperostosis, and osteitis) 
syndrome, gout

Infection: osteomyelitis, low-grade infection of the 
costal cartilage (tuberculosis, syphilis, typhoid and 
paratyphoid infections, blastomycosis, actinomycosis, 
cryptococcosis, brucellosis)

Tumors of the costochondral cartilages: benign—
chondroma, multiple exostoses, lipomas; malignant—
Hodgkin and non-Hodgkin lymphoma, metastatic 
bone diseases (carcinoma of breast, lung, thyroid, 
kidney, or prostate), multiple myeloma, plasmacytoma, 
thymoma, chondrosarcoma

Myofascial pain syndrome at the anterior chest wall: sternal, 
pectoralis major, pectoralis minor, intercostal, scalene, 
sternocleidomastoid (sternal head), subclavius, and cervical 
iliocostal muscles

Others: slipping rib syndrome, condensing osteitis of 
the clavicle, congenital sternoclavicular malformations, 
xiphoidalgia syndrome, T1-12 radiculopathy, intercostal 
neuritis (postherpetic neuralgia)

Anterior Chest Pain of Visceral Origin
Cardiac: myocardial infarction, angina pectoris, 
stenocardia

Pulmonary: pneumonia, pulmonary embolism, pleurisy, 
lung abscess, atelectasis, spontaneous pneumothorax

Breast: cyclic breast pain, duct ectasia, breast carcinoma

Abdominal: peptic duodenal ulcer, epigastric hernia, 
gastritis or pancreatitis, acute cholecystitis, diffuse 
peritonitis

TREATMENT
Initial
Treatment is symptomatic because the pathogenesis 
of the disease is still unclear.3,4,6,16,17 The natural history 
of patients diagnosed with true Tietze syndrome is, in 
general, good and benign as a result of the self-limited 
character of the condition. In most cases, pain disappears 
spontaneously within a few weeks and swelling in a few 
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months17 without treatment.9 Symptoms may be exacer-
bated after manual work and severe cough. During this 
period, the use of an elastic rib belt may also provide 
symptomatic relief and help protect the costosternal 
joints from additional trauma.9,14 Initial treatment of the 
pain and functional disability associated with Tietze syn-
drome should include simple oral analgesics, such as 
acetaminophen and oral or topical nonsteroidal anti-
infl ammatory drugs, alone6,9,13,16 or in combination with 
codeine5,8,9,17 or tramadol. Reassurance about the benign 
nature of the disorder and the diagnosis of a non–life-
threatening but real and well-recognized musculoskeletal 
pain disease can often by itself reduce the anxiety and 
fears and lead to symptomatic pain relief.2-5,8-11,13,17,36

Avoidance of iatrogenic worries is usually helpful.36 Re-
moval of aggravating and perpetuating factors, including 
physical efforts of the upper limbs and trunk, chronic 
cough, and bronchospasm, and improved nutrition are 
also important.1,5,8-9,16 Human calcitonin at the dosage of 
0.25 mg/day was given for a course of 1 month to fi ve 
women diagnosed with Tietze syndrome who had intense 
pain not relieved by conventional treatment.37 Three pa-
tients had complete remission of symptoms and imaging 
fi ndings, and two patients had improved symptoms with 
disappearance of pain.37

Rehabilitation
Physical modalities, including local superfi cial heat for 
20 minutes, two or three times a day, or ice for 10 to 
15 minutes, three or four times a day, can be performed 
until symptoms are improved.3,14,16 Heat and cold are 
equally effective, and choice of the modality relies on the 
patient’s preference and tolerance. Transcutaneous electri-
cal nerve stimulation and electroacupuncture may be ap-
plied over the painful area.16 Electroacupuncture is applied 
by introduction of the acupuncture disposable needle over 
the skin points of lower electrical skin resistance16 that are 
located within the involved spinal segments. Galvanic or 
faradic low-frequency electrical currents are applied at the 
inserted needle.16 Administration of corticosteroids by 
iontophoresis may provide more prolonged pain relief.13

Gentle, pain-free range of motion exercises should be in-
troduced as soon as tolerated.14 Vigorous exercises should 
be avoided if they exacerbate the patient’s symptoms.14

Proper posture during sitting or working activities should 
be restored.5,8,9 Inactivation of associated pectoralis major 
trigger points followed by relaxation and stretching exer-
cises with relaxation of the involved muscles may also be 
helpful. Stretching exercises of the pectoralis major muscle 
can be performed by the standing pushup in the corner 
for 10 seconds. This exercise can be repeated for 1 or 
2 minutes several times a day.8 Vapocoolant spray applied 
to the involved areas may also relieve chest wall pain.8
Patients should be instructed to avoid improper posture 
or repetitive misuse of chest wall muscles.8

Psychological and psychopharmacologic treatment 
should be considered for patients with continuing 
symptoms and disability, especially if these are associ-
ated with abnormal health beliefs, depressed mood, 
panic attacks, or other symptoms such as fatigue and 

palpitations.36 Both cognitive-behavioral therapy and 
selective reuptake inhibitors have been shown to be ef-
fective.36 Tricyclic antidepressants are helpful in reduc-
ing reports of pain in patients with chest pain and nor-
mal coronary arteries.36

Procedures
Most patients respond to nonsteroidal anti-infl ammatory 
drugs, heat, and activity modifi cation. For patients who 
do not respond to the initial and rehabilitation treatment 
modalities, however, a local anesthetic2,4,6 and steroid 
injection can be performed as the next symptom control 
maneuver.2,5,6,8,9,11,13,14,17,26 Injection of the costal carti-
lage is performed by placing the patient in the supine 
position.14,26 Proper preparation with antiseptic solution 
of the skin overlying the affected costal cartilage is carried 
out with isopropyl alcohol and soluble iodine solution 
to swab the injection site.26 The exact position for injec-
tion is identifi ed by clinical and ultrasonographic exami-
nation.26 The injection site is the point of maximum 
tenderness by palpation or the point of maximum carti-
laginous hypertrophy by ultrasonographic examination.26

A refrigerant spray may be used to anesthetize the overly-
ing skin before the needle is inserted.26 There should be 
limited resistance to injection.14 If signifi cant resistance is 
found, the needle should be withdrawn slightly and re-
positioned until the injection proceeds with only limited 
resistance.14 This procedure is repeated for each affected 
joint.14 After the needle is removed, a sterile pressure 
dressing and ice pack are placed at the injection site.14

Local steroid injections associated with local anesthetics 
have shown good therapeutic results.26 There is an aver-
age of 82% decrease in size of the affected costal carti-
lage 1 week after the local anesthetic and steroid injec-
tion, and the posterior acoustic shadowing is absent.26

Clinical examination of the injected patients detected 
complete resolution and substantial improvement of 
signs and symptoms of pain and swelling. This shows a 
strong correlation between clinical changes and ultra-
sonographic fi ndings in patients with Tietze syndrome. 
An intercostal nerve block performed 11⁄2 to 2 inches 
proximal to the costochondral joint of the affected level 
provides even longer lasting pain relief and is indicated 
if other measures are not effective.13

Surgery
Surgical procedures are rarely necessary and indicated 
only if the symptomatic conservative measures failed to 
alleviate symptoms.9 Surgical excision of the localized 
involved cartilage can be performed in severe and re-
fractory cases.9 Costosternal or sternoclavicular arthro-
desis may be performed if conservative measures fail to 
provide satisfactory results.

POTENTIAL DISEASE COMPLICATIONS
Tietze syndrome is a benign condition, and complica-
tions rarely develop. It is self-limited with spontaneous 
recovery from the pain after a few weeks or several 
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months1,3,4,17 to 1 year in the majority of cases. Swelling 
may persist for months17 to years.4 The course of this 
condition is characterized by periods of recurrence and 
improvement.1,3,4,16

POTENTIAL TREATMENT 
COMPLICATIONS
The systemic complications of nonsteroidal anti-
infl ammatory drugs are well known and most com-
monly affect the gastric, hepatic, and renal systems. 
The major complication of the local steroid combined 
with local anesthetic injections is pneumothorax if 
the needle is placed too laterally or deeply and in-
vades the pleural space.14 Cardiac tamponade as well 
as an iatrogenic infection, although rare, can occur if, 
respectively, the needle is placed in the direction of 
the heart and strict aseptic techniques are not per-
formed.14 Trauma to the contents of the mediastinum 
remains another possibility.14 This complication can 
be greatly decreased if the clinician pays close atten-
tion to accurate needle placement14 or performs the 
injection with ultrasound guidance.26
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DEFINITION
Acute varicella-zoster infection classically results in pru-
ritic, vesicular skin eruptions known as chickenpox. The 
virus commonly infects children and spreads by aerosol 
droplets and skin-to-skin exposure to the vesicles, which 
contain large amounts of virus.

Varicella-zoster is a lipid-enveloped, double-stranded 
DNA herpesvirus that co-evolved with ancestral pri-
mates for more than 70 million years.1 It expresses its 
genes sequentially, leading to expression of nonstruc-
tural proteins, nonstructural protein enzymes, and late 
structural proteins.2 Late structural proteins encapsu-
late the DNA core, infect host cells, and replicate in 
host cell nuclei. Two viremic phases are thought to 
occur in acute zoster infection. Animal studies suggest 
that the fi rst viremia occurs in regional lymph nodes 
and viscera, approximately 5 days after exposure.3 The 
second viremia, approximately 14 days after exposure, 
promotes viral spread to the nasopharynx and the 
skin, causing the hallmark vesicular rash.4 After acute 
herpes zoster infection, the virus remains dormant and 
resides in sensory ganglia, including the dorsal roots 
and cranial nerves.5

Herpes zoster, or shingles, is the reactivation of latent 
varicella-zoster virus. Reactivation generally results from 
immunocompromised states such as stress, disease, or 
advancing age. The virus typically migrates along der-
matomes, manifesting as a painful rash. The virus may 
spread to the spinal sensory nerves, dorsal horn, or cra-
nial nerves. It is a painful condition with a highly age-
related incidence, affecting about 50% of individuals 
who survive to the age of 85 years.6 It affects men and 

women equally. Involvement of motor nerves is ex-
tremely rare.

Postherpetic neuralgia is defi ned as pain lasting more 
than 90 days and occurs in 20% of shingles cases.

SYMPTOMS
Prodromal symptoms include low-grade fever and mal-
aise, which may be combined with hyperesthesia, dyses-
thesia, paresthesia, or pruritus along the distribution of 
one to three dermatomes. If there is ophthalmic in-
volvement, photophobia may also be present. The pro-
dromal stage may last up to 1 week.

Fulminant zoster infection is marked by the emergence 
of erythematous macules accompanied by severe burn-
ing, stinging pain in a single sensory or cranial nerve 
distribution. This is followed by the eruption of fl uid-
fi lled papules, clusters, and clear, fl uid-fi lled vesicles. 
New skin eruptions generally continue to appear for 3 to 
5 days. Thoracic dermatomes are most frequently af-
fected. Sensitivity to light touch, intolerance to wearing 
clothes over the erupted area, and brief jolts of shooting 
pain are also common. Low-grade fever and malaise may 
persist, and lymphadenopathy may also be present.

Of the cranial nerves, the ophthalmic branch of the tri-
geminal nerve is the most often affected and can result 
in monocular blindness (herpes zoster ophthalmicus); 
this has an incidence of 1% in the general population.7
Zoster affecting exposed areas may result in sun or wind 
sensitivity. In very rare cases, ipsilateral facial paralysis 
can occur, combined with loss of taste and hearing 
(Ramsay Hunt syndrome).

In the majority of cases, symptoms tend to resolve shortly 
after healing of the rash. However, in more than 25% of 
patients, neuralgia persists for longer than 1 month after 
resolution of the rash.8

PHYSICAL EXAMINATION
Typical skin eruptions follow a dermatomal distribu-
tion, appearing as raised, fl uid-fi lled vesicles. Once the 
vesicles burst (releasing fl uid that contains live virus), 
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Synonyms
Shingles
Herpes zoster

ICD-9 Codes
053.12 Postherpetic trigeminal neuralgia
053.19 Postherpetic neuralgia (intercostal or opthalmic)
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they crust. Once the vesicles have crusted, the patient is 
no longer infectious. Lesions are often exquisitely ten-
der to light touch. If deeper dermal involvement is pres-
ent, scarring and discoloration may be seen.

Ophthalmic zoster is usually accompanied by a rash 
and is associated with skin lesions in the dermatomal 
distribution of the nasociliary nerve, along the side of 
the nose (Hutchinson sign). Periorbital edema, pete-
chial hemorrhages, conjunctivitis, scleritis, and cor-
neal sensitivity are also commonly associated with 
ophthalmic zoster.7 Hutchinson sign and an unex-
plained red eye are indications for ophthalmologic 
consultation.

FUNCTIONAL LIMITATIONS
If the optic nerve or the ophthalmic branch to the tri-
geminal nerve is affected, monocular low vision may 
result in impaired depth perception and decreased fi eld 
of view. Driving may be affected. Other functional limi-
tations include diffi culty with activities involving pres-
sure or heat exposure to the affected area. If the facial 
divisions of the trigeminal nerve are affected, individu-
als may not tolerate wearing of protective headgear or 
facemasks and facial exposure to sun or wind. If the 
thoracic dermatomes are affected, touching of the back 
against an offi ce chair may increase pain. Both sex and 
contact sports may be intolerable. Diffi culty sleeping 
may arise from discomfort from sheets touching the 
skin. Bathing and toweling often exacerbate pain along 
the affected dermatome.

DIAGNOSTIC STUDIES
Zoster is usually easy to diagnose on the basis of his-
tory and physical examination. In general, laboratory 
tests for diagnosis of reactivation of herpes zoster virus 
are not clinically useful.9 For atypical cases, the Cen-
ters for Disease Control and Prevention guidelines 
suggest direct fl uorescent antibody testing for rapid 
diagnosis.8 To obtain a specimen, apply a sterile cotton 
swab to the base of an open lesion or, less preferably, 
a lesion crust.

TREATMENT
Initial
Oral antiviral medication with any of the following 
regimens has been found effective for treatment of acute 
zoster-related pain:

 ● Acyclovir, 800 mg fi ve times daily for 7 days10

 ● Famciclovir, 750 mg once daily or 500 mg twice 
daily for 7 days11

 ● Valacyclovir, 1000 mg three times a day for 
7 days12

For patients with immunocompromise or malabsorp-
tion, the intravenous route of antiviral medication deliv-
ery is preferred to the oral route. There is limited evidence 
that a course of intravenous followed by oral antiviral 
treatment may reduce pain in patients with postherpetic 
neuralgia of more than 3 months’ duration.13

When it is given within 72 hours of symptom onset, oral 
antiviral treatment decreases the incidence of posther-
petic neuralgia by 50%.14 In case series of 18 adults with 
postherpetic neuralgia, topical lidocaine 5% was found 
safe and effective in reducing symptoms of postherpetic 
neuralgia.15 Studies of corticosteroids, anticonvulsants, 
opioids, antidepressants, and acupuncture have had 
small sample sizes; so far, they have not been found to 
reduce the severity of acute zoster symptoms or the inci-
dence of postherpetic neuralgia.14

Rehabilitation
Ultrasound is effective in relieving acute zoster pain. In 
a clinical trial of acute zoster pain, more than 80% of 
participants receiving ultrasound were pain free at the 
end of the treatment, compared with 46% in the pla-
cebo group.16 The treatment parameters used in areas 
adjacent to the vertebral column were 1 MHz frequency, 
25% pulsed cycle, applied for 1 minute per effective ra-
diating area of the transducer at 0.8% W/cm2 intensity 
and around the periphery of the vesicles at 0.5 W/cm2.

Self-administered transcutaneous electrical nerve stimu-
lation (TENS) may be helpful for chronic pain, based 
on destruction of larger myelinated afferent nerve fi bers, 
leaving a disproportionate number of small delta fi bers 
and nonmyelinated fi bers. By driving the remaining 
large fi bers to a higher level of activity, TENS is thought 
to reduce painful stimuli from the smaller fi bers.17 Elec-
trical stimulation is thought to be more effective for 
patients with less severe pain because fewer residual 
myelinated fi bers have been destroyed.

TENS should be applied at the maximum setting that is 
not uncomfortable. If muscle fasciculation can be toler-
ated, recommended treatment time is 45 to 60 minutes, 
three times a day.18 Patients are encouraged to change 
the voltage, pulse duration, pulse frequency, and pad 
placements to achieve maximum effectiveness. Large 
electrode pads are used to reduce painful stimulation.

Desensitizing treatments, such as alternating exposure 
to heat and cold, vibration, and repeated light tapping 
of the affected area, may be helpful.

Differential Diagnosis

Drug-related allergic infection

Eczema

Contact dermatitis

Other herpetic neuralgias

Nonherpetic viral infection

Complex regional pain disorder

Tertiary syphilis

Radiculitis
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In cases of ophthalmic involvement, occupational 
therapists can instruct in scanning techniques for 
low vision and decreased peripheral vision. Occupa-
tional therapists can also assist with fall risk reduc-
tion, such as by removal of loose rugs, improvement 
in lighting, and decrease of clutter in the home and 
work environment.

Other practical measures to improve function include 
rearrangement of work stations to reduce contact of 
sensitive areas with seat backs and armrests, use of low-
friction fabrics such as silk, use of a hand-held shower-
head to direct water fl ow away from painful derma-
tomes, and modifi cation of sexual positions.

Procedures
In a randomized, controlled trial of 598 patients re-
ceiving standard oral antiviral and analgesic therapy 
with and without epidural steroid injection, the injec-
tion was found to have a modest effect in reducing the 
pain of postherpetic neuralgia for 1 month and did 
not prevent long-term postherpetic neuralgia.19 Para-
vertebral nerve block, greater occipital nerve block, 
deep cervical nerve blocks, stellate ganglion blocks, 
and subcutaneous botulinum toxin A injection have 
improved symptoms in case reports.20-22 Although they 
have not been adequately studied, they may have some 
effi cacy in treatment of recalcitrant postherpetic neu-
ralgia symptoms.

Surgery
Surgery is not indicated for postherpetic neuralgia.

POTENTIAL DISEASE COMPLICATIONS
Chronic postherpetic neuralgia (persistent pain at least 
3 months after resolution of rash) is thought to occur in 
at least 25% of patients who develop zoster symptoms.

Orbital apex syndrome is an infl ammation of the ocu-
lomotor nerve thought to be related to secondary vascu-
litis within the orbital apex. It can cause impaired eye 
motility and often is manifested as dysconjugate gaze 
and diplopia.

Acute optic neuritis may lead to permanent loss of 
vision, usually due to virus-induced impairment in 
retinal perfusion, leading to retinal necrosis. Retinal 
necrosis generally occurs in severely immunocompro-
mised patients.23

POTENTIAL TREATMENT 
COMPLICATIONS
Gastrointestinal, hepatic, and renal complications 
may arise from prolonged use of acetaminophen, an-
tiviral medications, or nonsteroidal anti-infl amma-
tory drugs.
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DEFINITION
Arachnoiditis is the development of chronic infl amma-
tion and progressive fi brosis of the arachnoid and pia 
layers of the meninges. It can occur subsequent to a va-
riety of conditions, although it is most commonly a se-
quela of spinal surgery or the result of intrathecal injec-
tion of radiographic dyes and chemicals with neurotoxic 
preservatives.1 Some of the etiologic factors linked to the 
development of arachnoiditis are listed in Table 102-1.

When microtrauma to the vasculature of the arachnoid 
membrane and pia mater occurs, it can impair the 
normal mechanisms for control of excessive meningeal 
fi brosis.1 This may result in the deposition of fi brous col-
lagen bands in the arachnoid-pia membranes and cause 
the nerve roots to adhere to each other as well as to the 
dural sac. The pathophysiologic mechanism of arach-
noiditis involves a progression from root infl ammation 
(radiculitis) to root adherence (fi brosis). In severe cases, 
the arachnoid fi brosis can cause compressive root is-
chemia, and progressive neurologic defi cits may ensue.2
When this condition occurs in the meninges of the cervi-
cal and thoracic regions, the spinal cord can become 
enmeshed and constricted as well. Pain is the result of 
dural adherence with nerve root traction and nerve is-
chemia. Typically, arachnoiditis develops slowly during 
the period of months after the initial insult, although it 
may continue to develop for years, resulting in worsening 
pain and paresthesias or progressive neurologic injury.1

SYMPTOMS
The symptoms associated with arachnoiditis are hetero-
geneous and often diffi cult to distinguish from other 
disease processes, such as radiculopathy, spinal stenosis, 

cauda equina syndrome, and neuropathies. Also, be-
cause arachnoiditis is often acquired iatrogenically dur-
ing the course of evaluation and treatment of spinal 
disorders, patients often have concomitant symptoms 
of mechanical back pain or myofascial pain in addition 
to the arachnoiditis symptom complex.

Patients with arachnoiditis principally report burning 
pain or paresthesias; however, these symptoms often do 
not follow typical radicular patterns. Pain is usually con-
stant but exacerbated by movement. Some patients expe-
rience secondary muscle spasms. Weakness and muscle 
atrophy may also occur, and bowel or bladder sphincter 
dysfunction is also not uncommon. Onset is insidious, 
and symptoms may fi rst present years after the inciting 
event.3 Symptoms can range from mild (such as slight 
tingling of the extremities) to severe (such as excruciating 
pain with progressive neurologic deterioration). The con-
dition may also be asymptomatic and discovered only 
incidentally on magnetic resonance imaging (MRI).

PHYSICAL EXAMINATION
Neurologic examination typically reveals a patchy dis-
tribution of lower motor neuron defi cits. Examination 
fi ndings may include loss of refl exes, muscle weakness, 
muscle atrophy, anesthesia, gait instability, and reduced 
rectal tone.2 Less commonly, arachnoiditis may involve 
the spinal cord; in these instances, upper motor neuron 
fi ndings (hyperrefl exia, spasticity, presence of Babinski 
response) can be found on examination.

A complete neurologic examination should be performed 
at the time of initial diagnosis. In the event that symp-
toms worsen, this examination may then be used as a 
benchmark to ascertain whether neurologic deterioration 
is occurring. In the setting of progressive neurologic de-
cline, it is incumbent on the treating physician to rule out 
other pathologic processes (such as a new disc hernia-
tion) before neurologic deterioration is attributed solely 
to progressive arachnoid fi brosis.

FUNCTIONAL LIMITATIONS
Patients with arachnoiditis may exhibit a variety of 
functional limitations, the degree of which corresponds 
to the extent of the neurologic impairments and the 

Synonyms
Spinal adhesive arachnoiditis
Lumbosacral spinal fi brosis
Chronic leptomeningitis

ICD-9 Code
322.9 Arachnoiditis
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severity of the pain. Gait instability, reduced ambula-
tory capacity, and impairment in activities of daily liv-
ing are not uncommon. As time goes by, patients tend 
to suffer secondary effects of immobilization and de-
conditioning, causing further functional impairment. 
The severe pain and impaired mobility tend to isolate 
patients socially and to limit their ability to work. Be-
cause the pain associated with arachnoiditis is usually 
present even at rest, sedentary work or light duty does 
not always improve a patient’s symptoms enough to 
facilitate employment despite activity restrictions.

DIAGNOSTIC STUDIES
Presently, the diagnosis of arachnoiditis is most often 
made through the use of MRI. Historically, myelogra-
phy was used routinely for diagnosis of arachnoiditis; 
characteristic fi ndings included the observance of prom-
inent nerve roots as well as various patterns of fi lling 
defects. The advent of computed tomography and MRI 
has made diagnosis easier.

MRI is preferred to computed tomographic myelogra-
phy because of its noninvasive nature. Typical fi ndings 
include adherent roots located centrally in the thecal sac 
(considered mild arachnoiditis), an “empty sac” (where 
roots are adherent to the wall of the thecal sac), and a 

mass of soft tissue replacing the subarachnoid space 
(severe disease).4 These fi ndings are well seen on T2-
weighted axial images (Figs. 102-1 and 102-2). Although 
the administration of contrast material with MRI may 
help rule out other diseases in the differential diagnosis, 
such as tumors and infection, contrast enhancement is 
not necessary to visualize the characteristic appearance 
of arachnoiditis.5

The diagnosis can also be made by computed tomo-
graphic myelography; even myelography with conven-
tional radiography may be used if spinal instrumenta-
tion from prior fusion surgery creates too much artifact 
on MRI and computed tomography. The water-soluble 

FIGURE 102-1. Normal MRI appearance of lumbar nerve roots on T2-
weighted axial sequences.

FIGURE 102-2. Lumbar MRI demonstrating the characteristic nerve root 
clumping indicative of arachnoiditis.

TABLE 102-1  Some Etiologic Factors Linked 
to the Development of Arachnoiditis

Agents injected into the subarachnoid space

Contrast media (especially Pantopaque)

Intrathecal chemotherapies (amphotericin B, methotrexate)

Local anesthetics with vasoconstrictors

Corticosteroids with polyethylene glycol or benzyl alcohol 
preservative

Spinal surgery or trauma

Extradural surgeries, such as laminectomy, discectomy, and 
fusion

Intradural surgeries

Spinal fractures

Intrathecal blood

Subarachnoid hemorrhage

Bloody spinal tap

Blood patch with inadvertent intrathecal injection

Infection

Discitis, vertebral body osteomyelitis
Spinal tuberculosis

Other

Spinal stenosis

Idiopathic

Adapted from Bourne IH. Lumbo-sacral adhesive arachnoiditis: a review. 
J R Soc Med 1990;83:262-265.
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myelographic contrast media used today (such as io-
hexol) are much safer than the prior oil-based media 
(Pantopaque), and serious adverse reactions involving 
the central nervous system are extremely rare (�0.1%).6
There have not been any documented cases of adhesive 
arachnoiditis with the use of iohexol myelography.6

listed in Table 102-2. For most of these medications, it 
often takes a few weeks at any given dose for optimal 
analgesic effect to be reached.

Anti-infl ammatory medications (nonsteroidal anti-
infl ammatory drugs) are commonly used as well. This is 
probably because of the frequent occurrence of back pain 
in these patients. Often, patients with arachnoiditis have 
concomitant lumbar disc degeneration or osteoarthritis 
of the facet joints that may respond in part to anti-
infl ammatory medications. Likewise, patients with back 
pain may benefi t from trials of muscle relaxants or more 
potent inhibitors of muscle contractions (antispasticity 
agents), like baclofen and tizanidine. Baclofen has also 
been used off-label for treatment of neuropathic pain.

Opiates are often prescribed with varying degrees of suc-
cess. In general, neuropathic pain seems to be less re-
sponsive to opiates. Some advocate the use of methadone 
because of its N-methyl-D-aspartate (NMDA) receptor 
antagonist activity, which may make it more effective for 
neuropathic pain syndromes. One of the chief limita-
tions of opiates is the tendency for development of toler-
ance, requiring dose escalation.

Rehabilitation
Rehabilitation interventions can be divided into modali-
ties for pain management and therapeutic exercise to im-
prove pain as well as to aid function. Modalities such as 
heat application (superfi cial and deep) and ice applica-
tion are most effective for treatment of the associated 
mechanical back pain and myofascial pain that often ac-
company arachnoiditis. Contrast baths can be used for 
distal extremity pain and can be helpful when the patient 
exhibits signs of peripheral sympathetic dysfunction. Elec-
trical stimulation is primarily used to treat neuropathic 
pain, but it may also improve associated musculoskeletal 
and myofascial pain. Transcutaneous electrical nerve stim-
ulation and percutaneous electrical nerve stimulation can 
be applied at the paraspinal level or along the course of a 
peripheral nerve to help attenuate neuropathic pain.

Unfortunately, exercise typically offers the patient very 
little as a direct means of symptom improvement for 
severe neuropathic pain, yet exercise is still an important 
part of treatment. As previously mentioned, patients 
with arachnoiditis may suffer from other musculoskele-
tal pain, and therapeutic exercise (such as stretching, 
strength training, and aerobic exercise) often improves 
these associated disorders. Patients with intractable pain 

Differential Diagnosis

Spondylosis

Radiculopathy

Cauda equina syndrome

Neuropathy, plexopathy

Neurogenic claudication

Spinal tumors

Spinal infections

Postsurgical epidural fi brosis

Epidural hematoma

Meningitis

TREATMENT
Initial
The treatment of arachnoiditis is palliative, and medica-
tions are often used for this purpose. Antidepressant or 
anticonvulsant analgesics are considered the mainstay of 
medical management, although other classes of medica-
tions may provide benefi t as well. Many antidepressants 
and anticonvulsants have been used for years off-label 
for the treatment of neuropathic pain with reasonable 
effi cacy; the tricyclic antidepressants (such as amitripty-
line) are the most common. The U.S. Food and Drug 
Administration has more recently approved several 
newer medications for use in specifi c neuropathic pain 
syndromes: duloxetine and pregabalin for diabetic neu-
ropathy, and gabapentin and pregabalin for postherpetic 
neuralgia. These medications are often tried in patients 
with arachnoiditis with varying effi cacy. Antidepressant 
and anticonvulsant analgesics are typically started at 
relatively low doses and titrated upward as tolerated. The 
precise starting dose and eventual maximal dose usually 
depend on how well the medication’s side effect profi le 
is tolerated. Some examples of dosing regimens are 

TABLE 102-2 Examples of Dosing Regimens for Anticonvulsant and Antidepressant Analgesics

Medication Starting Dose Dose Increase and Interval Maximal Dose

Tricyclic antidepressants 10-25 mg at night 10-25 mg per week 150 mg/day

Duloxetine 20-30 mg/day 20-30 mg per week 60 mg/day

Gabapentin 100-300 mg bid-tid 100-300 mg per week 1800*-3600+ mg/day

Pregabalin 50-75 mg bid-tid 50-75 mg per week 600 mg/day

*denotes the FDA-approved maximal dose.
+ denotes “off-label” dose within standard of care.

Ch102_565-570-X4007.indd 567Ch102_565-570-X4007.indd   567 3/17/08 5:39:26 PM3/17/08   5:39:26 PM



568 P A I N

often avoid activity because of increased pain or fear of 
pain provocation. As such, they often become decondi-
tioned and benefi t from gentle progressive exercise regi-
mens. Aquatic therapy is generally well tolerated and can 
be used as a method to improve many of the manifesta-
tions of deconditioning and prolonged immobility, such 
as to improve joint motion, fl exibility, aerobic capacity, 
and muscle strength.

Procedures
There are few data to support the role of neuraxial cor-
ticosteroid injections, such as epidural steroids and 
nerve root blocks, in arachnoiditis treatment. Anecdot-
ally, short-duration improvement may be observed, and 
any such procedures are usually performed as a “do and 
see” proposition.

The most promising intervention for the intractable 
pain associated with arachnoiditis is spinal cord stimu-
lation. Spinal cord stimulation, also known as dorsal 
column stimulation, involves the placement of a stimu-
lating electrode (either percutaneously or through a 
laminotomy) over the dorsal aspect of the spinal cord 
(Figs. 102-3 and 102-4). Exact level and location of elec-
trode placement depend on the location of the patient’s 
pain. Typically, patients undergo a percutaneous trial to 
test the stimulator’s effi cacy before permanent implan-
tation. The goal is to stimulate the spinal cord with low 
levels of electrical impulses that produce a nonpainful 
paresthesia that modulates (masks) the patient’s pain.

The largest studies investigating spinal cord stimulation 
have included patients with varied diagnoses, the most 
abundant of which is failed back surgery syndrome. It 
has been estimated that 11% of patients with failed back 
surgery syndrome have arachnoiditis. Approximately 
50% to 60% of patients with failed back surgery syn-

drome treated with spinal cord stimulation receive 
more than 50% relief of their symptoms.7,8 Studies in-
vestigating spinal cord stimulation effi cacy in patients 
with a more specifi c diagnosis of epidural fi brosis or 
intradural fi brosis (arachnoiditis) have also found im-
provement in pain (60%), reduction of pain medica-
tion requirements (40%), and increased work capacity 
(25%).9,10 Spinal cord stimulation seems to be more ef-
fective for pain of neuropathic character than for pain of 
mechanical or musculoskeletal character. In addition, 
extremity pain is generally more easily treated com-
pared with back pain–predominant symptoms.10

Surgery
There is very little role for surgical intervention in the 
treatment of arachnoiditis. There is no method of surgi-
cally untangling the adherent nerve roots. Indications 
for surgery include rapidly progressive neurologic dete-
rioration, such as myelopathy due to progressive syrin-
gomyelia or cauda equina syndrome from arachnoiditis 
ossifi cans. In these instances, surgical intervention 
(shunt placement or removal of the calcifi c mass) could 
be contemplated. The emphasis on such interventions 
is to halt or to retard further neurologic deterioration. 
The prospect that such procedures will improve pain 
remains speculative at best.

POTENTIAL DISEASE COMPLICATIONS
In severe cases of arachnoiditis, the fi brous bands that 
cause adherence of the nerve roots may become so pro-
lifi c that progressive nerve root injury (radiculopathy, 
polyradiculopathy) or spinal cord injury (cauda equina 
syndrome, myelopathy) can ensue. Constriction of the 

FIGURE 102-4. Fluoroscopic image of a percutaneous spinal cord stimu-
lator lead in the dorsal thoracic spine. (Photograph courtesy of Boston 
Scientifi c Neuromodulation, Valencia, CA.)

FIGURE 102-3. An example of a spinal cord stimulator with its compo-
nents: implantable pulse generator and two percutaneous leads. (Photo-
graph courtesy of Boston Scientifi c Neuromodulation, Valencia, CA.)
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spinal cord vasculature causes ischemia and focal areas 
of spinal cord demyelination. This vascular ischemia 
and associated alterations of normal cerebrospinal fl uid 
fl ow have been observed to result in the formation of 
arachnoid cysts, syringomyelia, and even communicat-
ing hydrocephalus.11,12 Calcifi cation of the fi brotic mi-
lieu results in a condition termed arachnoiditis ossifi -
cans, which may result in progressive nerve root or 
spinal cord compression.13

POTENTIAL TREATMENT 
COMPLICATIONS
Medication side effects are common. Anticonvulsant 
and antidepressant analgesics often produce sedation or 
alteration of mental status. Opiates, too, can produce 
sedation as well as severe constipation. Opiate depen-
dence is generally anticipated as a ramifi cation of use of 
this class of medication long term. Although true psy-
chological addiction to opiates can occur, it is much less 
common than one might expect. The propensity for 
nonsteroidal anti-infl ammatory drugs to cause gastroin-
testinal side effects is well known, as is their potential to 
adversely affect the kidneys and liver as well as to exac-
erbate hypertension and asthma.

Rehabilitation interventions are generally safe, although 
patients can suffer thermal injury from inappropriate 
application of superfi cial modalities. Transcutaneous 
electrical nerve stimulation and percutaneous electrical 
nerve stimulation are generally considered contraindi-
cated in patients with pacemakers. Therapeutic exercise 
may potentially exacerbate pain symptoms.

Spinal cord stimulation poses some risk; however, com-
plications are usually minor, and the incidence of new 
neurologic injury from something such as bleeding, infec-
tion, or neural trauma is quite small.8 The most frequent 

complication usually entails electromechanical failure, 
such as percutaneous lead migration, when the stimula-
tion no longer covers the symptomatic body region. The 
majority of electromechanical complications can be rem-
edied with revision of the system.
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DEFINITION
Coccydynia is pain in the vicinity of the coccygeal 
bone at the base of the spine. Associated symptoms 
include dyspareunia, dyschezia, and dysmenorrhea. 
Pain can be insidious or sudden in onset. Symptoms 
are usually triggered by sitting or rising from a sitting 
position. The most common inciting factor is trauma 
to the coccyx or surrounding soft tissue from a vertical 
blow or diffi cult vaginal delivery. Pathologic features 
may range from dislocated sacrococcygeal fracture to 
ligamentous damage of the caudal coccygeal segments. 
In most cases, the tip of the coccyx is subluxated or 
hypermobile1 (Figs. 103-1 and 103-2).

The fi brous sacrococcygeal joint connects the sacrum to 
one to four bone segments of the coccyx. This joint is 
reinforced by sacrococcygeal ligaments, which enclose 
the fi nal intervertebral foramen through which the S5 
roots exit. The S4, S5, and coccygeal roots contribute to 
the coccygeal plexus, which provides rich somatic and 
autonomic innervation to the anus, perineum, and 
genitals.2 The levator ani (S4 nerve root through peri-
neal branch of pudendal nerve) and coccygeal muscles 
(S4-5 nerve root branches) attach to and support the 
coccyx during defecation and childbirth. The gluteus 
maximus also attaches to the lateral coccyx and can 
contribute to a sensation of pressure while sitting.

Prevalence of coccydynia is fi ve times higher in women 
than in men.3 In addition to obstetric trauma,4 the in-
creased susceptibility to injury in women is attributed 

to anatomy, as the female coccyx is more posterior in 
location and larger than the male coccyx.5 Coccydynia 
is three times more frequent in obese women than in 
nonobese women,6 and this may be related to decreased 
pelvic rotation while sitting.

SYMPTOMS
Coccygeal pain is located at the tip or sides of the coccyx. 
The quality of pain is usually dull and achy at baseline 
and intermittently sharp during activities that aggravate 
the symptoms. A sensation of pressure is also commonly 
described. Symptoms are usually exacerbated by sitting 
on hard surfaces, prolonged sitting, and moving from 
the sitting to the standing position. Symptoms are gener-
ally relieved by taking weight off the coccyx.

Levator ani syndrome and proctalgia fugax are variants 
of coccydynia.

Levator ani syndrome is a dull ache or pressure sensa-
tion in the rectum, with pain episodes lasting more 
than 20 minutes at a time. Symptoms tend to be more 
severe during the day than at night. Symptoms may re-
sult from a hypertonic levator ani or puborectalis mus-
cle or from infl ammation of the arcus tendon of the le-
vator ani.7,8 This syndrome is associated with posterior 
traction of the puborectalis muscle and levator ani 
muscle tenderness on rectal examination.

Proctalgia fugax is the sudden onset of excruciating anal 
pain lasting a few seconds or minutes, then disappear-
ing completely. Proctalgia fugax is characterized by 
spastic muscle contractions of the pelvic fl oor.9 Epi-
sodes usually occur fewer than fi ve times a year.10 Symp-
toms are not related to defecation and are associated 
with sexual intercourse. Symptoms are usually noctur-
nal and awaken the patient from sleep. This condition 
occurs equally in men and women.

PHYSICAL EXAMINATION
Classic fi ndings in coccydynia are exquisite tenderness 
to direct palpation of the coccyx, sacrococcygeal liga-
ments, and pubococcygeal ligaments. It is also impor-
tant to palpate surrounding joints. Pelvic obliquity, 

Synonyms
Coccygodynia
Coccygalgia
Levator ani syndrome
Proctalgia fugax
Pelvic tension myalgia
Puborectalis syndrome

ICD-9 Codes
564.6  Proctalgia fugax
724.79 Coccydynia, coccygodynia
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sacroiliac tenderness, and pubic ramus tenderness may 
be detected if the coccydynia is related to trauma or leg 
length discrepancy; if so, these underlying problems 
may be a part of treatment.

Perform a general examination for evidence of lym-
phadenopathy or pelvic masses to rule out neoplastic or 
infectious etiology (see the section on differential diag-
nosis). Assess for point tenderness along the pelvic gir-
dle, including the top of the coccyx. Lower extremity 
strength, refl exes, and sensation should be assessed for 
focal neurologic defi cits and should be normal in coc-
cydynia. Evaluate leg lengths, pelvic obliquity, sacroiliac 
motion, and sacroiliac joint tenderness. Examine the 
anus, surrounding skin, and soft tissue for cysts, fi stulas, 
external hemorrhoids, and fi ssures. Digital rectal exami-
nation should include testing for occult blood, palpa-
tion for internal masses, and palpation of the levator 
ani muscles for tenderness; manipulation of the coccy-
geal tip, the pubococcygeal ligament, and the sacrococ-
cygeal joint is performed to assess for tenderness and 
hypermobility.11

FUNCTIONAL LIMITATIONS
Because coccydynia is often worsened by sitting, 
driving can become very painful. It is common to 
avoid social situations because of pain when sitting or 
standing. Because of pressure to the coccyx and muscle 

FIGURE 103-1. Lateral radiographs of coccygeal subluxation. (Reprinted with permission from Doursounian L, Maigne JY, Faure F, Chatellier 
G. Coccygectomy for instability of the coccyx. Int Orthop 2004;28:176-179.)

A B

FIGURE 103-2. Sagittal magnetic resonance image of misaligned coc-
cygeal fracture. (Reprinted with permission from Pennicamp PH, Kraft CN, 
Stuetz A, et al. Coccygectomy for coccygodynia: does pathogenesis mat-
ter? J Trauma 2005;59:1414-1419.)
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contractions in the perineum during orgasm, sexual 
intimacy can worsen symptoms and is often avoided. 
Equestrian activities and contact sports can be particu-
larly painful. Sedentary work involving prolonged sit-
ting may exacerbate symptoms; frequent breaks may 
be required.

DIAGNOSTIC STUDIES
Coccydynia is often associated with subluxation or hy-
permobility of the tip of the coccyx (Fig. 103-3), which 
is usually seen on dynamic radiographs and may or 
may not show fusion of the sacrococcygeal joint and 
superior intercoccygeal joints.1,12 Dynamic lateral ra-
diographs are done in lateral and oblique views while 
the patient is sitting and standing. Bone scans and mag-
netic resonance imaging may show infl ammation, frac-
ture, or bone fragments. Because they are static tests, 
they are no less useful than dynamic radiographs in 
diagnosis of hypermobility or subluxation.1 Anal ma-
nometry testing has been described in the literature, 
with confl icting reports on its utility. The basis for ma-
nometry testing is the theory that prolonged sphincter 
contraction or dystonia may contribute to coccygeal 
pain; abnormal anal manometric pressures support a 
diagnosis of proctalgia fugax, but the test is unlikely 
to diagnose proctalgia fugax because episodes are so 
infrequent.

TREATMENT
Initial
Conservative treatment is viable, as the natural history 
does not usually lead to deterioration. Sitting on a 
doughnut-shaped pillow to reduce pressure, acetamin-
ophen, oral nonsteroidal anti-infl ammatory drugs, and 
application of perianal lidocaine jelly may help ini-
tially. Although they are relatively safe interventions, 
the effi cacy of muscle relaxants, pelvic fl oor muscle 
massage, iontophoresis, biofeedback, electrogalvanic 
stimulation, and sitz baths has not been established in 
the literature.

Rehabilitation
A trial of a doughnut-shaped pillow is always worth-
while to offl oad weight on the coccyx while sitting. 
Physical therapy should include pelvic massage, pelvic 
relaxation techniques, pelvic fl oor strengthening exer-
cises, and postural correction. In patients with proctal-
gia fugax and levator ani symptoms, emphasis is placed 
on pelvic fl oor relaxation techniques. Correction of leg 
length discrepancy can help with referred sacroiliac 
pain. Psychological support is also crucial.

Procedures
Injection of the sacrococcygeal ligament and coccyx 
tip with lidocaine 1% can be diagnostic; Depo-Medrol 
40 mg can be added to the injection for therapeutic 

FIGURE 103-3. Schematic drawing of fl exion mobility of the coccyx. A, Normal standing appearance of the coccyx. B, Increased fl exion mobility of the 
coccyx when the patient is seated. C, Posterior subluxation of the coccyx when the patient is seated. D, Coccygeal spicule (arrow) arising from the 
dorsal surface of coccygeal segment. (Reprinted with permission from Fogel GR, Cunningham PY, Esses SI. Coccygodynia: evaluation and management. 
J Am Acad Orthop Surg 2004;12:49-54.)

A B C D

Differential Diagnosis

Coccygeal fracture, ligamentous strain, or dislocation

Bursitis of adventitia at the coccygeal tip

Post-traumatic sacrococcygeal osteoarthritis

Lumbar disc herniation

Internal pudendal nerve entrapment (Alcock canal 
syndrome)

Lower sacral nerve arachnoiditis

Rectal fi ssure

Pelvic or perirectal abscess

Pilonidal cyst or sinus

Thrombosed external hemorrhoid

Prostatitis

Pelvic organ prolapse

Tumors of the colorectum, sacrum, prostate, or ovaries

Postsurgical adhesion
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purposes. This procedure can be done blindly by use of 
landmarks; the utility of fl uoroscopic guidance is lim-
ited as visualization of ligaments is not possible.

If there is dislocation of the coccyx, manipulation under 
anesthesia may be helpful, but there are no conclusive 
data on the effi cacy of this approach.

Botulinum toxin injection of the puborectalis and pu-
bococcygeus muscles may relieve pain associated with 
muscle hypertonicity.13,14

Prolotherapy is an injection of proliferant solution that 
may relieve the pain of enthesopathy and facilitate re-
generation of torn or painful sacrococcygeal and pubo-
coccygeal ligaments. Its safety is well established, but 
there are no clinical trials on its effi cacy in coccydynia.

Surgery
Most people recover with conservative treatment alone 
within weeks to months. A number of uncontrolled 
studies of patients with refractory coccydynia report 
pain relief with partial and total coccygectomy.1,15-19

Successful treatment is usually associated with abnor-
mal coccygeal motion.

POTENTIAL DISEASE COMPLICATIONS
Coccydynia is a symptom and not a disease in itself. The 
primary complication is functional decline secondary to 
local pain, generally limiting sitting tolerance, sexual 
intercourse, and exercise tolerance.

POTENTIAL TREATMENT 
COMPLICATIONS
Gastrointestinal, hepatic, and renal complications may 
arise from prolonged use of acetaminophen or non-
steroidal anti-infl ammatory drugs. Steroid injections 
may be complicated by skin depigmentation, injection, 
and transient elevation in blood glucose level. Repeated 
steroid injections may result in ligamentous breakdown 
and altered mobility in the sacrococcygeal ligament.
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DEFINITION
Phantom pain refers to painful sensation perceived in a 
body part that is no longer present subsequent to surgical 
or traumatic removal. It is most common after the ampu-
tation of a limb, (i.e., phantom limb pain), but it has also 
been reported after the surgical removal of other body 
parts, such as breast, rectum, penis, testicles, eye, tooth, 
tongue, or lesion of peripheral or central nervous system. 
Phantom limb pain is distinguished from stump pain, 
which is pain in the residual limb or stump, and phantom 
limb sensation, which is nonpainful sensation of the ab-
sent part. Peripheral, spinal segmental, central, and psy-
chological mechanisms are considered factors for the de-
velopment of phantom limb pain.1-4

Although phantom limb pain is generally initiated within 
the fi rst few days after the amputation, it can take several 
months or years to emerge. The reported prevalence of 
phantom limb pain differs considerably, ranging from 
about 40% to 80%.5-11 However, phantom limb pain is 
less frequent in congenital amputation and loss of a limb 
early in childhood. The occurrence of phantom limb pain 
is independent of gender, age (in adults), level or side of 
amputation, dominance, and etiology of amputation.12,13

In several reports, the incidence and intensity of pain 
remained constant but both the frequency and duration 
of pain attacks decreased signifi cantly over time.14,15 A 
small percentage of patients experienced a reduction in 
intensity of pain over time. Phantom limb pain leads to 

permanent disability in more than 40% of amputees. 
Phantom limb pain persisting more than 6 months is 
exceedingly diffi cult to treat.

Phantom limb pain has been reported to be signifi -
cantly related to residual limb pain,16 physical activity,17

severity and duration of preamputation pain,14,18 nox-
ious intraoperative inputs (such as pain brought about 
by cutting of tissues), acute postoperative pain,19 bilat-
eral amputation, and lower limb amputation.9

SYMPTOMS
The pain is most prominent immediately after the opera-
tion. Phantom limb pain is not static in nature but 
changes in quality over the years. Phantom limb pain is 
usually intermittent, but some patients report constant 
pain with superimposed exacerbations. The duration of 
an attack ranges from seconds or minutes to hours or 
days.20,21 Phantom limb pain is usually localized in distal 
parts of the absent limb, usually in the foot or hand.14

The pain can be described as tingling, throbbing, aching, 
pins and needles, squeezing, stabbing, shooting, pinch-
ing, or cramping. In some cases, patients report that the 
amputated limb is positioned in a painful posture, or 
they sense spasms in the limb. The intensity as well as the 
quality of the pain varies greatly between patients from 
mild to severe. Phantom limb pain is triggered or wors-
ened by physical (e.g., rainy weather, low temperature, 
prosthetic use, urination, defecation, reduced blood fl ow, 
and muscle tension), psychosocial (e.g., attention), and 
emotional (e.g., anxiety and stress) stimuli.18,22 Phantom 
limb pain is not relieved with position.

PHYSICAL EXAMINATION
Physical examination is generally unrevealing. However, 
patients can sometimes identify specifi c points on the re-
sidual limb that trigger phantom limb pain. Therefore, the 
residual limb should be assessed for any sources of pain or 
trigger areas. The residual limb is examined for neuromas, 
cysts, bursae, bone spurs, or sites of excessive pressure. 
Other precipitating factors should be searched for, such as 
an ill-fi tting prosthesis or mechanical stimulation.
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Synonyms
Painful phantom sensation
Phantom pain
Phantom limb syndrome

ICD-9 Codes
353.6 Phantom limb (syndrome)
729.2 Neuralgia, neuritis, and radiculitis, unspecifi ed
905.9  Late effect of traumatic amputation (injury classifi able 

to 885-887 and 895-897)
997.60  Stump (surgical) (post-traumatic), abnormal, painful, 

or with complication (late)
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Local problems, such as a herniated disc or spinal dis-
ease emitting sensations into the phantom limb or 
neuroma, can cause neuropathic pain. A comprehensive 
physical evaluation with particular attention to the neu-
rologic examination, including strength, range of mo-
tion, muscle stretch refl exes, and muscle tone, should be 
done to rule out any concomitant central or peripheral 
neuropathic pain.

FUNCTIONAL LIMITATIONS
Functional complications of phantom limb pain in-
clude sleep disorders, interference with prosthesis train-
ing and use, reduction in walking ability, inability to 
return to work, and limitation of participation in social 
activities. Patients with phantom limb pain experience 
a greater degree of despair, more symptoms of depres-
sion, less satisfaction with social relations, and poorer 
quality of life than amputees without it.

DIAGNOSTIC STUDIES
The diagnosis of phantom limb pain is generally made 
clinically on the basis of history and physical examina-
tion. Plain radiography and ultrasonography are per-
formed for the diagnosis of underlying conditions, such 
as neuroma, abscess, bursitis, bone spur or fragment, or 
nerve entrapment. Magnetic resonance imaging, electro-
diagnostic tests, or laboratory tests may be indicated if 
other diagnoses are suspected.

Nerve block may be attempted as a diagnostic tool to 
identify candidates for specifi c procedures. Various pain 
scales and psychometric questionnaires are used to as-
sess severity, treatment effect, and disability.

Differential Diagnosis

Nonpainful phantom sensation

Stump pain (residual limb pain)

Chronic postsurgical pain

Radicular pain

Neuralgia

Anginal pain

TREATMENT
The treatments commonly used for phantom limb pain 
are listed in Table 104-1.

Initial
Patients should be taught (if possible, before amputation) 
that phantom limb pain is not a complication but a nor-
mal side effect of some amputations. Education about 

TABLE 104-1  Treatments Commonly Used 
for Phantom Limb Pain

Pharmacologic

Conventional analgesics

Opioids

Anticonvulsants

Antidepressants

NMDA receptor antagonists

Neuroleptics

Ketamine

Barbiturates

� Blockers

Muscle relaxants

Rehabilitation

Physiotherapy

Prosthesis training

Transcutaneous electrical nerve stimulation

Ultrasound

Manipulation

Electromyographic biofeedback

Thermal biofeedback

Sensory discrimination training

Psychological

Cognitive-behavioral pain management

Sensory discrimination training

Relaxation technique

Stress management

Distraction

Hypnosis

Anesthetic

Local anesthesia

Nerve blocks

Sympathetic block

Epidural blockade

Surgical

Stump revision

Neurectomy

Sympathectomy

Dorsal root entry zone ablation

Dorsal rhizotomy

Cordotomy

Thalamotomy

Spinal cord stimulation

Deep brain stimulation

Cortical resection of brain

Other

Acupuncture
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phantom limb pain reduces anxiety and distress of pa-
tients. The expected course of symptoms after amputation 
and during the prosthetic fi tting process should be care-
fully reviewed with the patient. Preemptive analgesia, 
which is attempted to prevent phantom limb pain by 
epidural or general routes during the preoperative and 
initial postoperative period, has not been shown to be 
effective.1,3,14,23

Tricyclic antidepressants and anticonvulsants have long 
been considered to be the drugs of choice. Controlled 
studies, however, showed confl icting data on the effect 
of tricyclic antidepressants in phantom limb pain con-
ditions.24,25 Anticonvulsants such as carbamazepine, 
gabapentin, topiramate,26 and lamotrigine are effective 
in phantom limb pain.

Randomized controlled studies demonstrated that opi-
oids have analgesic effi cacy for phantom limb pain and 
suggested an effect on cortical reorganization.27-29 Tra-
madol is an analgesic with both monoaminergic and 
opioid activity that is effective in long-standing phan-
tom limb pain.25

In controlled studies, intravenous calcitonin30,31 and in-
travenous ketamine demonstrated reduction of phantom 
limb pain.32

N-Methyl-D-aspartate (NMDA) receptor antagonists, 
such as dextromethorphan33,34 and memantine,35-37

showed effi cacy in controlling phantom limb pain in 
several studies.

Other pharmacologic interventions, such as � blockers, 
topical capsaicin, nonsteroidal anti-infl ammatory drugs, 
nonopioid analgesics, and botulinum toxin,38,39 have 
been suggested, but well-controlled trials have not been 
published.

Rehabilitation
Transcutaneous electrical nerve stimulation has long 
been considered an effective treatment modality40-42; it 
can begin early in the postoperative period without sig-
nifi cant side effects. Compression stockings or stump 
shrinkers during the early postoperative period and heat 
and cold, manipulation, vibration, massage, and acu-
puncture can all be tried in an attempt to provide relief 
of phantom limb pain.

Several prior studies have reported positive results of 
biofeedback, including electromyographic biofeedback, 
thermal biofeedback, and muscle relaxation proce-
dures.1,26,42-45 Frequent use of a myoelectric prosthesis 
that provides sensory, visual, and motor feedback re-
portedly reduces phantom limb pain.46

Sensory discrimination training47 or tactile stimulation48

has also been reported to reduce phantom limb pain with 
a reversal of cortical reorganization. Virtual reality and 
mirror treatment with use of a “mirror box” or “virtual 
reality box” to offer visual input on phantom sensations 
have been suggested as potential treatment.49-51

Psychological treatments such as relaxation technique, 
stress management, distraction, and hypnosis can also 

provide relief, although very few studies on phantom 
limb pain were conducted.

Procedures
Regional anesthesia with local anesthetics, including 
plexus or nerve block, sympathetic block, and epidural 
block, can be applied to intractable phantom limb pain 
with pharmacologic measures.

Surgery
Surgery is generally not indicated for phantom limb 
pain. Stump revision, such as neuroma resection, is in-
dicated in selected patients with stump pain due to 
neuroma. The purpose of neuroma resection is relief of 
stump pain, not of phantom limb pain.

Spinal cord stimulation, dorsal root entry zone abla-
tion, neurectomy, sympathectomy, dorsal rhizotomy, 
cordotomy, thalamotomy, and cortical resection of 
brain have been used in a few cases of intractable pain.

POTENTIAL DISEASE COMPLICATIONS
Phantom limb pain reportedly causes signifi cant dis-
ability. It keeps amputees from their usual activities and 
causes considerable interference with their daily, social, 
recreational, and work activities.8

The health-related quality of life of amputees with 
phantom limb pain is poorer than that of amputees 
without phantom limb pain.52

POTENTIAL TREATMENT 
COMPLICATIONS
Side effects of pharmacologic treatment are well docu-
mented. Complications of regional anesthesia are sys-
temic effects of local anesthetics, physiologic effects of 
the procedure (e.g., hypotension, inadvertent injection 
or block), and damage to adjacent structures. Spinal 
cord stimulation has few serious complications. Com-
plications of surgical ablation techniques include 
Horner syndrome, dysesthesia, sudomotor paralysis, 
weakness, urinary complications, and respiratory prob-
lems. Selection of appropriate patients is important to 
successful surgical ablation.

References
 1. Flor H. Phantom-limb pain: characteristics, causes, and treatment. 

Lancet Neurol 2002;1:182-189.
 2. Ramachandran VS, Hirstein W. The perception of phantom limbs. 

The D.O. Hebb lecture. Brain 1998;121(pt 9):1603-1630.
 3. Hazelgrove JF, Rogers PD. Phantom limb pain—a complication of 

lower extremity wound management. Int J Low Extrem Wounds 
2002;1:112-124.

 4. Nikolajsen L, Jensen TS. Phantom limb pain. Br J Anaesth 2001;
87:107-116.

 5. Smith DG, Ehde DM, Legro MW, et al. Phantom limb, residual 
limb, and back pain after lower extremity amputations. Clin Orthop 
1999;361:29-38.

Ch104_575-578-X4007.indd 577Ch104_575-578-X4007.indd   577 3/17/08 5:40:01 PM3/17/08   5:40:01 PM



578 P A I N

 6. Wartan SW, Hamann W, Wedley JR, McColl I. Phantom pain 
and sensation among British veteran amputees. Br J Anaesth 
1997;78:652-659.

 7. Kooijman CM, Dijkstra PU, Geertzen JH, et al. Phantom pain and 
phantom sensations in upper limb amputees: an epidemiological 
study. Pain 2000;87:33-41.

 8. Ehde DM, Czerniecki JM, Smith DG, et al. Chronic phantom 
sensations, phantom pain, residual limb pain, and other re-
gional pain after lower limb amputation. Arch Phys Med Rehabil 
2000;81:1039-1044.

 9. Dijkstra PU, Geertzen JH, Stewart R, van der Schans CP. Phan-
tom pain and risk factors: a multivariate analysis. J Pain Symptom 
Manage 2002;24:578-585.

10. Ephraim PL, Wegener ST, MacKenzie EJ, et al. Phantom pain, re-
sidual limb pain, and back pain in amputees: results of a national 
survey. Arch Phys Med Rehabil 2005;86:1910-1919.

 11. Hanley MA, Ehde DM, Campbell KM, et al. Self-reported treat-
ments used for lower-limb phantom pain: descriptive fi ndings. 
Arch Phys Med Rehabil 2006;87:270-277.

12. Sherman RA, Sherman CJ. Prevalence and characteristics of chronic 
phantom limb pain among American veterans. Results of a trial sur-
vey. Am J Phys Med 1983;62:227-238.

13. Jensen TS, Krebs B, Nielsen J, Rasmussen P. Immediate and long-
term phantom limb pain in amputees: incidence, clinical char-
acteristics and relationship to pre-amputation limb pain. Pain 
1985;21:267-278.

14. Nikolajsen L, Ilkjaer S, Kroner K, et al. The infl uence of preampu-
tation pain on postamputation stump and phantom pain. Pain 
1997;72:393-405.

15. Houghton AD, Nicholls G, Houghton AL, et al. Phantom pain: 
natural history and association with rehabilitation Ann R Coll 
Surg Engl 1994;76:22-25.

16. Jensen TS, Krebs B, Nielsen J, Rasmussen P. Phantom limb, phan-
tom pain and stump pain in amputees during the fi rst 6 months 
following limb amputation. Pain 1983;17:243-256.

17. Geertzen JH, Bosmans JC, van der Schans CP, Dijkstra PU. 
Claimed walking distance of lower limb amputees. Disabil Reha-
bil 2005;27:101-104.

18. Katz J, Melzack R. Pain “memories” in phantom limbs: review and 
clinical observations. Pain 1990;43:319-336.

19. Katz J. Prevention of phantom limb pain by regional anaesthesia. 
Lancet 1997;349:519-520.

20. Sherman RA, Sherman CJ. Prevalence and characteristics of chron-
ic phantom limb pain among American veterans. Results of a trial 
survey. Am J Phys Med 1983;62:227-238.

 21. Richardson C, Glenn S, Nurmikko T, Horgan M. Incidence of 
phantom phenomena including phantom limb pain 6 months 
after major lower limb amputation in patients with peripheral 
vascular disease. Clin J Pain 2006;22:353-358.

22. Wilkins KL, McGrath PJ, Finley GA, Katz J. Prospective diary study 
of nonpainful and painful phantom sensations in a preselected 
sample of child and adolescent amputees reporting phantom 
limbs. Clin J Pain 2004;20:293-301.

23. Nikolajsen L, Ilkjaer S, Jensen TS. Effect of preoperative extradu-
ral bupivacaine and morphine on stump sensation in lower limb 
amputees. Br J Anaesth 1998;81:348-354.

24. Robinson LR, Czerniecki JM, Ehde DM, et al. Trial of amitriptyline 
for relief of pain in amputees: results of a randomized controlled 
study. Arch Phys Med Rehabil 2004;85:1-6.

25. Wilder-Smith CH, Hill LT, Laurent S. Postamputation pain and 
sensory changes in treatment-naive patients: characteristics and 
responses to treatment with tramadol, amitriptyline, and placebo. 
Anesthesiology 2005;103:619-628.

26. Harden RN, Houle TT, Remble TA, et al. Topiramate for phantom 
limb pain: a time-series analysis. Pain Med 2005;6:375-378.

27. Huse E, Larbig W, Flor H, Birbaumer N. The effect of opioids 
on phantom limb pain and cortical reorganization. Pain 2001;90:
47-55.

28. Wu CL, Tella P, Staats PS, et al. Analgesic effects of intravenous 
lidocaine and morphine on postamputation pain: a randomized 

double-blind, active placebo-controlled, crossover trial. Anesthe-
siology 2002;96:841-848.

29. Bergmans L, Snijdelaar DG, Katz J, Crul BJ. Methadone for phan-
tom limb pain. Clin J Pain 2002;18:203-205.

30. Jaeger H, Maier C. Calcitonin in phantom limb pain: a double 
blind study. Pain 1992;48:21-27.

 31. Wall GC, Heyneman CA. Calcitonin in phantom limb pain. Ann 
Pharmacother 1999;33:499-501.

32. Nikolajsen L, Hansen CL, Nielsen J, et al. The effect of ketamine 
on phantom pain: a central neuropathic disorder maintained by 
peripheral input. Pain 1996;67:69-77.

33. Ben Abraham R, Marouani N, Kollender Y, et al. Dextrometh-
orphan for phantom pain attenuation in cancer amputees: a 
double-blind crossover trial involving three patients. Clin J Pain 
2002;18:282-285.

34. Ben Abraham R, Marouani N, Weinbroum AA. Dextromethorphan 
mitigates phantom pain in cancer amputees. Ann Surg Oncol 
2003;10:268-274.

35. Maier C, Dertwinkel R, Mansourian N, et al. Effi cacy of the 
NMDA-receptor antagonist memantine in patients with chronic 
phantom limb pain—results of a randomized double-blinded, 
placebo-controlled trial. Pain 2003;103:277-283.

36. Wiech K, Kiefer RT, Topfner S, et al. A placebo-controlled ran-
domized crossover trial of the N-methyl-D-aspartic acid receptor 
antagonist, memantine, in patients with chronic phantom limb 
pain. Anesth Analg 2004;98:408-413.

37. Schley M, Topfner S, Wiech K, et al. Continuous brachial plexus 
blockade in combination with the NMDA receptor antagonist 
memantine prevents phantom pain in acute traumatic upper limb 
amputees. Eur J Pain 2007;11:299-308. Epub 2006 May 22.

38. Kern U, Martin C, Scheicher S, Muller H. Does botulinum tox-
in A make prosthesis use easier for amputees? J Rehabil Med 
2004;36:238-239.

39. Naumann M, Eberhardt B, Laskawi R, et al. Botulinum toxin in 
rare pain syndromes. J Neurol 2004;251(Suppl 1):I39-I40.

40. Katz J, Melzack R. Auricular transcutaneous electrical nerve stimula-
tion (TENS) reduces phantom limb pain. J Pain Symptom Manage 
1991;6:73-83.

41. Wartan SW, Hamann W, Wedley JR, McColl I. Phantom pain 
and sensation among British veteran amputees. Br J Anaesth 
1997;78:652-659.

42. Halbert J, Crotty M, Cameron ID. Evidence for the optimal man-
agement of acute and chronic phantom pain: a systematic review. 
Clin J Pain 2002;18:84-92.

43. Sherman RA, Gall N, Gormly J. Treatment of phantom limb pain 
with muscular relaxation training to disrupt the pain-anxiety-
tension cycle. Pain 1979;6:47-55.

44. Dougherty J. Relief of phantom limb pain after EMG biofeedback-
assisted relaxation: a case report. Behav Res Ther 1980;18:355-357.

45. Belleggia G, Birbaumer N. Treatment of phantom limb pain with 
combined EMG and thermal biofeedback: a case report. Appl Psy-
chophysiol Biofeedback 2001;26:141-146.

46. Lotze M, Grodd W, Birbaumer N, et al. Does use of a myoelec-
tric prosthesis prevent cortical reorganization and phantom limb 
pain? Nat Neurosci 1999;2:501-502.

47. Flor H, Denke C, Schaefer M, Grusser S. Effect of sensory discrimi-
nation training on cortical reorganisation and phantom limb 
pain. Lancet 2001;357:1763-1764.

48. Huse E, Preissl H, Larbig W, Birbaumer N. Phantom limb pain. 
Lancet 2001;358:1015.

49. Murray CD, Patchick EL, Caillette F, et al. Can immersive virtual 
reality reduce phantom limb pain? Stud Health Technol Inform 
2006;119:407-412.

50. Ramachandran VS, Rogers-Ramachandran D. Synaesthesia in phan-
tom limbs induced with mirrors. Proc Biol Sci 1996;263:377-386.

 51. MacLachlan M, McDonald D, Waloch J. Mirror treatment of lower 
limb phantom pain: a case study. Disabil Rehabil 2004;26:901-904.

52. van der Schans CP, Geertzen JH, Schoppen T, Dijkstra PU. Phantom 
pain and health-related quality of life in lower limb amputees. J Pain 
Symptom Manage 2002;24:429-436.

Ch104_575-578-X4007.indd 578Ch104_575-578-X4007.indd   578 3/17/08 5:40:01 PM3/17/08   5:40:01 PM



579

DEFINITION
Idiopathic cervical dystonia, the most common form of 
adult-onset focal dystonia, is defi ned as involuntary 
twisting and turning of the neck caused by abnormal 
involuntary muscle contractures.1 Cervical dystonia has 
also been known as spasmodic torticollis, which im-
plies head jerking or neck spasms. However, these fea-
tures are absent in 25% to 35% of patients with this 
condition.2 Furthermore, the term fails to emphasize 
the dystonic nature of the condition and the frequent 
association of cervical dystonia with dystonia in adja-
cent or remote body parts.

The prevalence of cervical dystonia has been estimated 
at 9 per 100,000, but this low frequency is based on a 
retrospective chart review.3 The incidence is sex and age 
related. Women are affected 1.5 to 1.9 times more often 
than men are.2,4 In 70% to 90% of cases, the disease 
begins between the fourth and sixth decades, with a 
peak incidence in the fi fth decade of life.5

The pathogenetic mechanisms are unclear, but increas-
ing evidence suggests that cervical dystonia is infl uenced 
by genetic factors. Many patients with cervical dystonia 
have a family history.2 Several gene loci, such as DYT1, 
DYT6, and DYT7, have recently been reported to be as-
sociated with cervical dystonia.6

Cervical dystonia has also been reported to develop 
secondary to head, neck, and shoulder trauma.7 The 
role of the sensory system is important in pathogenesis 
(see section on symptoms).8 Impaired inhibition of 
sensory Ia afferent fi bers, impairment of central sen-
sory pathways, and increased spindle responsiveness 

secondary to overactive gamma-spindle efferent fi bers 
have been proposed as pathogenic mechanisms.9 Other 
mechanisms proposed are vestibular impairment, dys-
function of the subcortical-cortical motor network, 
and dopaminergic dysfunction.9

The natural course of dystonia has been reported.10 In 
68.1% of patients, dystonia had remained focal. Pro-
gression of dystonia to sites other than the neck was 
noted in 31.9% of patients. The only risk factor for pro-
gression of dystonia to other body parts was longer du-
ration of disease. The rate of spontaneous remission was 
20.8%. In most of the cases (87%), the remission oc-
curred during the fi rst 5 years of illness. The remission 
was sustained in 60% of the patients. In 40% of the 
patients who had experienced remission, the disorder 
relapsed (nonsustained remission). The duration of 
disease before remission was an important discriminat-
ing factor between sustained and nonsustained remis-
sion. The patients who experienced nonsustained re-
mission had all done well within the fi rst 2 years of the 
disorder; whereas in the patients who had sustained 
remission, the duration of dystonia before remission 
was more than 2 years.

SYMPTOMS
Symptoms usually begin insidiously with complaints 
of a “pulling” or “drawing” in the neck or an involun-
tary twisting or jerking of the head. In a majority 
of patients, the manifesting symptoms are sensory in 
nature (described variously as pain, pulling, or stiff-
ness) or a degree of head rotation or deviation, 
with jerking and tremor of the head being distinctly 
less common complaints.2,4,11 In 83% of patients, 
head deviation was constant rather than jerky (i.e., 
nonspasmodic) and demonstrated some degree of 
rotational torticollis (97%). Only a fraction of pa-
tients showed head jerks (35%) and neck spasms 
(37%), which are the cardinal features of “spasmodic” 
torticollis.2

Many patients have signs of dystonia involving other 
body segments at the time of presentation. Extracervical 
dystonia is found in 10% to 20% of patients2,4; the jaw 
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(oromandibular), eyelids (blepharospasm), arm or 
hand (writer’s cramp,) and trunk (axial) are the most 
frequently affected parts. A postural or kinetic hand 
tremor is found in up to 25% of patients.

Several provocative and palliative factors are characteris-
tic of idiopathic dystonia. Most notable is the use of a 
sensory trick or geste antagonistique. Gently touching 
the chin, back of the head, or top of the head relieves 
the symptoms. The use of sensory tricks to keep the 
head in the body midline position was reported by 
88.9% of patients in one series.12 The physiologic mech-
anism of sensory tricks remains unknown. Other effec-
tive maneuvers include leaning against a high-backed 
chair, placing something in the mouth, and pulling the 
hair. Early in the illness, these tricks are helpful in most 
patients, but they tend to lose effectiveness as the dis-
ease progresses. Less common palliative factors are re-
laxation, alcohol, and “morning benefi t,” when symp-
toms are improved for a while after waking. Cervical 
dystonia is commonly exacerbated by activity (e.g., 
walking), fatigue, or stress.13

Pain is a major source of disability in two thirds to three 
quarters of patients with cervical dystonia.2,3,14,15 Pain 
severity was related to the intensity of dystonia and 
muscle spasms2 but not to the duration of cervical dys-
tonia and severity of motor dysfunction.14 Pain was 
commonly described as tiring, radiating, tugging, ach-
ing, and exhausting.14

PHYSICAL EXAMINATION
Inspection of the patient’s head posture is enough for 
the diagnosis of cervical dystonia. A wide variety of ab-
normal head and neck postures can occur. Rotational 
torticollis is a rotation of the chin around the longitudi-
nal axis toward the shoulder. Laterocollis is a rotation of 
the head in the coronal plane, moving the ear toward 
the shoulder. Anterocollis and retrocollis are rotations 
of the head in the sagittal plane; anterocollis brings the 
chin toward the chest, and retrocollis elevates the chin 
and brings the occiput toward the back. By convention, 
the direction of the rotation is defi ned by the chin, so 
right-turning torticollis means that the chin is turning 
to the right. There may also be sagittal or lateral devia-
tion of the base of the neck from the midline13; 66% to 
80% of patients present with a combination of these 
movements.2,4 The most common component of com-
plex deviations is rotational torticollis, followed by 
head tilt, retrocollis, and anterocollis. Isolated devia-
tions (e.g., in a single plane) are seen in less than one 
third of patients. Notably, idiopathic cases of pure an-
terocollis are extremely uncommon. There is no statisti-
cally signifi cant preponderance of right or left devia-
tion.2,4,5,16 The abnormal posture is present for more 
than 75% of the time in most patients, but symptoms 
may change in nature and directional preponderance 
over time.2 Although the term spasmodic torticollis im-
plies head jerking or neck spasms, this feature is absent 
in 25.33% of patients. The adjectives spasmodic and 
spastic are misleading because there is no evidence that 

cervical dystonia is a spastic disorder or caused by dys-
function of the pyramidal tracts. Furthermore, the move-
ments are not always spasmodic but may be sustained.

Although abnormal head position is enough for the 
diagnosis, physical examination in patients with cervi-
cal dystonia must be focused on detection of “pseudo-
dystonia” secondary to structural abnormalities.17 A 
complete neurologic examination is mandated to ex-
clude secondary dystonia. The presence of corticospinal, 
sensory, cerebellar, oculomotor, or cortical signs with 
cervical or extracervical dystonia suggests secondary 
dystonia.

FUNCTIONAL LIMITATIONS
Functional limitation due to cervical dystonia is found 
in almost all patients (99% of 220 patients).16 Severity 
of disabilities ranged from mild (“subjective feeling of 
discomfort in social conditions without objective con-
sequences on social life”) to severe (“qualitative and 
quantitative modifi cation of the occupational level with 
resulting impairment of social life”). One report docu-
mented depression in 24% of 67 patients with idio-
pathic cervical dystonia.18

At some point during the illness, 75% of patients com-
plain of pain, and patients usually consider the pain a 
major source of disability.2,4,10,15 Pain is associated 
with constant head turning, greater severity of head 
turning, and the presence of spasms.2 Disability is also 
caused by task-specifi c limitations (e.g., inability to 
drive) and avoidance of social interaction due to ab-
normal posture. Questioning of patients about disabil-
ity and clarifi cation of the contributing factors are 
crucial for the optimal care of patients with idiopathic 
cervical dystonia.

DIAGNOSTIC STUDIES
Screening biochemical studies (blood chemistry screen-
ing test, complete blood count, thyroid function) in 
addition to a ceruloplasmin level should be performed. 
Because various central nervous system lesions are 
known to be associated with cervical dystonia, magnetic 
resonance imaging of the brain and cervical spine 
should be considered in all patients with a fi xed painful 
neck posture.19 If there is scoliosis, it may be evaluated 
with plain radiographs to document the baseline abnor-
mality. In addition, Wilson disease should be excluded 
in all patients younger than 50 years by measurement of 
serum ceruloplasmin and a slit-lamp examination.

TREATMENT
Initial
The goals of treatment are to palliate, to improve the 
quality of life, and to prevent secondary complications. 
Reassurance is most important. Patients should be reas-
sured that cervical dystonia is not dangerous and 
be reminded that cervical dystonia does not become 
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generalized but may spread locally. However, they 
should also be told that treatment is symptomatic, not 
curative. Physicians must understand which aspects of 
the illness are most limiting because disability in cervi-
cal dystonia may be caused by many factors, such as 
pain, abnormal posture, functional limitation, social 
embarrassment, and depression. Detection of concomi-
tant depression is crucial because it is a major source of 
disability, will limit therapeutic benefi t, and is itself 
treatable. Secondary complications, such as radiculopa-
thy, myelopathy, and dysphagia, must be recognized 
and treated. The evaluation of therapies for cervical dys-
tonia is diffi cult: the abnormal postures, pain, and dis-
ability are not easy to quantitate; there are spontaneous 
remissions; and most trials are small and not random-
ized controlled trials.20 Therefore, no universally ac-
cepted treatment protocol exists. However, the treat-
ment of cervical dystonia has been revolutionized by 
chemodenervation with botulinum toxin. Medications 
are generally used as adjuncts to botulinum toxin. Ad-
junctive medications can prevent development of neu-
tralizing antibodies because it is possible to lower dos-
ages and frequency of botulinum toxin injections. 

Anticholinergics, benzodiazepines, and baclofen are the 
most widely used.

Other medications are available, and many patients 
will require combination therapy. If therapy with botu-
linum toxin and oral medications fails, surgery may be 
required.9

Rehabilitation
Patients with mild symptoms may be managed with 
physical measures or pharmacotherapy. Physical mea-
sures include the simple geste antagonistique (i.e., sen-
sory tricks), biofeedback, mechanical braces, and phys-
iotherapy. Use of the manipulative approach in the 
treatment of cervical dystonia is not appropriate with 
the assumption that the condition results from a spinal 
or orthopedic abnormality. In most patients, it is not 
possible to physically overcome the brain’s disordered 
central processing commands to displace the head posi-
tion. Therefore, physiotherapists and chiropractors are 
advised not to use orthopedic techniques or physical 
force, as this may result in further discomfort or injury 
to the patient. However, it is benefi cial to assist patients 
to use their own resources to improve head control by 
strengthening and enhanced fl exibility.

Physical therapy is recommended as an adjunct to botu-
linum toxin injection. After treatment, there is less op-
position from the dystonic musculature. The goal is to 
facilitate the patient’s increased control over head move-
ment and posture once the antagonists are weakened. In 
a case report, reduction of the effective dose of botuli-
num toxin was also possible when physiotherapy man-
agement was added to a long-term treatment regimen.21

Procedures
The prognosis of patients with cervical dystonia has been 
radically changed after the introduction of chemodener-
vation with botulinum toxin. Compared with all previ-
ous therapies, botulinum toxin benefi ts the highest per-
centage of patients in the shortest time, has been proved 
effective in many double-blind placebo-controlled and 
open trials,22 and has fewer side effects than other phar-
macologic therapies.23 For idiopathic cervical dystonia, 
serotype A is most widely used. The use of serotypes B 
and F is under investigation in patients who have become 
immunologically resistant to serotype A.24

The identifi cation of the sites of pain and the muscles 
responsible for the abnormal posture is the most im-
portant factor in botulinum toxin administration. The 
sternocleidomastoid, trapezius, splenius capitis, and le-
vator scapulae are most commonly injected. An electro-
myographic study of 100 patients found that two or 
three muscles are most commonly abnormal.25 The 
most commonly found abnormal muscles in each head 
posture are shown in Table 105-1. There is wide vari-
ability in the number of muscles injected, the number 
of injections per muscle, the concentration of botuli-
num toxin employed, and the use of electromyography-
assisted injections among other technical details. Which 

Differential Diagnosis

Atlantoaxial dislocation

Cervical fracture

Degenerative disc

Osteomyelitis

Klippel-Feil syndrome

Congenital torticollis associated with absence or 
fi brosis of cervical muscles

Postirradiation fi brosis

Acute stiff neck

Pharyngitis

Painful lymphadenopathy, adenitis

Vestibulo-ocular dysfunction (head tilt with fourth 
nerve paresis or labyrinthine disease)

Posterior fossa tumor

Arnold-Chiari syndrome

Bobble-head doll syndrome (with third ventricle cyst)

Nystagmus

Sandifer syndrome

Spinal cord tumor or syrinx

Extraocular muscle palsies, strabismus

Head thrusts with oculomotor apraxia

Hemianopia

Spasmus nutans

Focal seizures
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technique provides optimal results remains to be deter-
mined.26 The average optimal dose for patients with 
cervical dystonia is 200 units of Botox or 500 units of 
Dysport. It is important to customize the dosage and 
the muscles to suit the needs of the individual patients. 
The optimal dosing in a particular muscle has been 
assessed only for the sternocleidomastoid muscle by 
quantitative electromyography. Doses as small as 
20 units of Botox reduced dystonic activity in the ster-
nocleidomastoid muscle, whereas doses larger than 
20 units offered minimal additional improvement.27

Similarly, for Dysport, 100 units was suffi cient to reduce 
the sternocleidomastoid muscle activity27; doses larger 
than 100 units were associated with a greater occurrence 
of dysphagia.28

A benefi t from botulinum toxin is generally seen 
within the fi rst week but may rarely be delayed for up 
to 8 weeks. The benefi t lasts for an average of 12 weeks, 
and most physicians suggest that the injections be re-
peated every 3 to 4 months. The response to toxin is 
not affected by the pattern of deviation. Continued 
toxin injections provide progressive improvement of 
dystonia.26

Patients with cervical dystonia who never benefi t from 
botulinum toxin injection are considered primary non-
responders. This occurs in approximately 15% to 30% 
of patients.29 In addition to the occurrence of primary 
treatment failure (patients never responding to injec-
tion), secondary failure may also occur in 10% to 15% 
of patients. These patients with initial improvement af-
ter treatment fail to respond to subsequent injections. 
Of the secondary failures, 35.7% were found to have 
antibodies to botulinum toxin by the mouse neutraliza-
tion assay.29

Surgery
Surgical therapy is recommended only for patients whose 
dystonia is prolonged, unresponsive to adequate trials of 
medication and botulinum toxin injections, and associ-
ated with signifi cant pain or disability. Since the intro-
duction of botulinum toxin, surgery is rarely required. 
Peripheral denervation procedures designed to dener-
vate dystonic muscles selectively are the most widely 
practiced surgical procedures. Selective ramisectomy is a 

procedure that involves the selective section of dorsal 
rami of the upper cervical spinal nerves.30 Selective de-
nervation procedures are often combined with selective 
spinal accessory nerve section, anterior rhizotomy, or 
myotomy. Deep brain stimulation is becoming the stan-
dard of care for medically intractable, disabling dysto-
nias. Advantages of deep brain stimulation include re-
versibility, adjustability, and continued access to the 
therapeutic target. Initial reports describing the use of 
deep brain stimulation in generalized dystonia have 
been encouraging, and experience in the use of deep 
brain stimulation to treat various forms of dystonia is 
continually growing.31

POTENTIAL DISEASE COMPLICATIONS
Patients may develop cervical spondylosis with result-
ing radiculopathy or myelopathy.32 Extracervical spread 
of dystonia is a progression of dystonia to a segmental 
pattern of dystonia. In one third of 72 patients who fi rst 
had isolated cervical dystonia, the dystonia typically 
spread to the face, jaw, arms, or trunk.10

POTENTIAL TREATMENT 
COMPLICATIONS
Side effects of botulinum toxin injections have been 
reported in 20% to 30% of patients per treatment cycle 
and approximately 50% of patients at some time during 
therapy. Dysphagia, neck weakness, and local pain at 
the injection site are the most commonly reported side 
effects, but dizziness, dry mouth, an infl uenza-like syn-
drome, lethargy, dysphonia, and generalized weakness 
have all been reported. The frequency of side effects var-
ies widely, apparently on the basis of the dosage 
used.24

Failure to spare ventral roots in selective ramisectomy 
injures the cervical and brachial plexuses and leads to 
the complications of diaphragmatic paralysis and dys-
phagia. Other sequelae of the selective denervation 
procedure include sensory loss in the distribution of the 
greater occipital nerve, paresthesias, and occasional sud-
den tic-like pain.

TABLE 105-1  Head Postures and the Muscles Most 
Commonly Responsible for the Posture

Head Posture Responsible Muscles

Rotational torticollis Contralateral SCM 
Ipsilateral SC
With or without contralateral SC

Laterocollis Ipsilateral SCM, SC, TPZ

Retrocollis Bilateral SC

SCM, sternocleidomastoid; SC, splenius capitis; TPZ, trapezius.
Modifi ed from Deuschl G, Heinen F, Kleedorfer B, et al. Clinical and poly-
myographic investigation of spasmodic torticollis. J Neurol 1992;239:9-15.
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Post-Thoracotomy 
Pain Syndrome 106
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585

DEFINITION
Post-thoracotomy pain syndrome (PTPS) is defi ned as 
pain that recurs or persists at the incision site or in the 
dermatomal distribution of the intercostal nerves for 
longer than 2 months after thoracotomy.1-3 Thoracoto-
mies are used to access intrathoracic contents, such as the 
lung, esophagus, and heart. The most common indica-
tion for a thoracotomy is tumor resection. The classic 
thoracotomy consists of a posterolateral incision of the 
thorax, bisection of the latissimus dorsi and serratus an-
terior, separation of the ribs, disruption of the intercostal 
nerves, and pleural incision. The thoracotomy is regarded 
as one of the most painful surgical procedures per-
formed.1-10 The incidence of PTPS has a wide range 
(2% to 90%), but on average, approximately 40% of pa-
tients will have chronic postoperative pain.2,4 PTPS is 
mild to moderate in 92% of cases; 50% of patients will 
have disruption in capacity to perform daily activities. 
Sleep disruption occurs in 25% to 30%. Fortunately, se-
vere disabling pain occurs in only 3% to 5% of patients 
with PTPS.5,6 Predictive factors for development of PTPS 
include increased pain 24 hours postoperatively, female 
gender, preoperative opiate use, and radiation therapy.4,8

Intercostal neuralgia is the most commonly implicated 
cause of chronic PTPS.1 Other factors contributing to 
pain are outlined in Table 106-1. Recognizing that lo-
cal muscle disruption of the serratus anterior and latis-
simus dorsi results in abnormal scapulohumeral me-
chanics, shoulder abnormalities are one of the common 
causes of functional loss after thoracotomy.7

SYMPTOMS
PTPS generally presents with symptoms of allodynia, 
dysesthesias, and lancinating pain typically attributed 
to intercostal neuralgia.4 In addition, patients will have 

symptoms of achiness, pleuritic pain, and focal tender-
ness over the incision site.1,4 Shoulder movement, deep 
breathing, and lying directly on the affected side can 
aggravate these symptoms.4 Pain is frequently encoun-
tered with shoulder maneuvers and direct contact with 
the incision site and can present as shoulder dysfunc-
tion and sleep disruption.

PHYSICAL EXAMINATION
The examination of the patient with PTPS includes 
inspection of the incision site and chest wall move-
ment with respiratory excursion. Deep breathing ma-
neuvers to elicit pleuritic pain are another component 
of the examination. Palpation over the incision site to 
evaluate for scar adherence, hypersensitivity, or inter-
costal nerve pain is the next component of the exami-
nation. The rib cage is disrupted with surgery and 
must be assessed for persistent fractures, costochon-
dral avulsions, and costochondritis. Assessment of 
regional musculature for postoperative disruption, 
atrophy, and myofascial pain is important. Adhesive 
capsulitis and shoulder girdle dysfunction are factors 
in PTPS; therefore, active and passive range of motion 
of the shoulder and scapulohumeral mechanics should 
be evaluated. Neurologic examination includes motor 
testing of the affected extremity compared with the 
unaffected side, evaluation for scapular winging, and 
assessment of the dermatomal distribution of the 
transected intercostal nerves.

FUNCTIONAL LIMITATIONS
PTPS results in daily activity limitations in 50% of 
those affected.5 Ochroch and associates9 identifi ed 
functional decrement by the 36-item short-form health 
survey (SF-36) in most patients at 4 to 48 weeks post-
operatively. Shoulder restriction secondary to chest 
wall pain, adhesive capsulitis, and disruption of 
the serratus anterior and latissimus dorsi has been 
identifi ed in 15% to 33% of post-thoracotomy patients 
at 1 year.7 Shoulder restriction leads to limitations 
in sleep function, lifting capacity, and full range of 
motion activities of the shoulder girdle. In addition, 

Synonym
None

ICD-9 Code
338.22 Chronic post-thoracotomy pain
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TREATMENT
Initial
The initial aspect of management of PTPS includes early 
aggressive management of pain. Preemptive analgesia is 
the concept of diminishing postoperative pain by dis-
rupting pain pathways preoperatively.1 Aspects of pre-
emptive analgesia include thoracic epidural anesthesia, 
intercostal nerve blockade, opiates, and nonsteroidal 
anti-infl ammatory drugs (NSAIDs).1 Thoracic epidural 
anesthesia has been shown to diminish acute postop-
erative pain in thoracotomy.10 Balanced anesthesia with 
preoperative regional anesthesia, opiates, and NSAIDs 
diminishes PTPS from 50% to 9.9%.2,4 The surgical ap-
proach does have a bearing on postoperative pain. 
Smaller surgical incisions and muscle-sparing thoracot-
omies diminish postoperative pain.1

Acute postoperative pain management includes thoracic 
epidural administration of opiates in combination with 
regional anesthesia and NSAIDs. Opiates alone decrease 
PTPS to 23.4%.11 Opiates plus regional anesthesia de-
crease PTPS to 14.8%. The opiates, anesthesia, and 
NSAIDs combine to diminish rates to 9.9%.11 In addi-
tion, early scar management once healing is complete 
can diminish long-term pain by reduced adherence to 
chest wall structures and diminishing hypersensitivity. 
The primary means is gentle massage and repetitive 
stimulation of the incision site. Transcutaneous electri-
cal nerve stimulation units have also been found to be 
effective in reducing PTPS.12

Pharmacologic management of PTPS includes early 
postoperative use of opiates and NSAIDs in combina-
tion.2 Delivery of topical anesthetics by patches (Lido-
derm) also can be used for pain control.2 Management 
of chronic PTPS is usually through use of neuropathic 
pain medications. The only study specifi cally for PTPS 
used gabapentin and found that this was well tolerated 
and decreased pain in 73% of those studied; 42% of 
those studied had more than 50% pain relief.13 Neuro-
pathic pain medications encountered in the literature 
that have not been studied in PTPS include amitripty-
line and nortriptyline. If oral routes of pain control fail, 
intrathecal administration of opiates is an option.

Rehabilitation
The preoperative management of PTPS begins with nu-
tritional assessment and augmentation. Patients with 
intrathoracic disease can frequently encounter nutri-
tional issues as a result of their primary disease; it can 
be benefi cial for postoperative recovery to maximize 
nutritional status. The second factor in preoperative 
management is to maintain or to obtain normal shoul-
der range of motion. As mentioned, shoulder dysfunc-
tion and muscle dysfunction occur in up to 33% of 
thoracotomy patients. Maximization of range, function, 
and strength before surgery can reduce functional loss 
secondary to postoperative restriction. Pulmonary reha-
bilitation is important in thoracotomy patients primar-
ily because many have underlying pulmonary disease. 

Differential Diagnosis

Rib fracture

Costochondral dislocation

Vertebral collapse

Adhesive capsulitis

Costochondritis

Pleurisy

Myofascial pain

Muscle disruption pain

Tumor recurrence

Thoracic radiculopathy

Intercostal neuroma

Cardiac ischemia

Aortic dissection

Infection of incision, pleura, pleural space, and lung 
parenchyma

functional limitations can be attributed to respiratory 
compromise related to surgery or underlying pulmo-
nary disease.

DIAGNOSTIC STUDIES
The relevant diagnostic studies include baseline radio-
graphs of the rib cage to evaluate for bone disruption. In 
addition, chest radiographs and computed tomography 
scans can be used to screen for intrathoracic processes, 
such as pleura-based dysfunction, pneumonia, and re-
currence of primary malignant disease. A diagnostic in-
tercostal nerve block can be performed to identify inter-
costal neuralgia.

TABLE 106-1  Factors Associated with 
Post-Thoracotomy Pain1,4

Intercostal neuroma

Rib fracture

Adhesive capsulitis

Infection

Pleurisy

Costochondral dislocation

Costochondritis

Local tumor recurrence

Myofascial pain

Vertebral collapse
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Pulmonary rehabilitation preoperatively includes 
breathing techniques, energy conservation, medication 
instruction, secretion management, and aerobic endur-
ance training. The objective is to reduce frequently en-
countered postoperative complications secondary to 
decreased depth of breathing, retention of secretions, 
atelectasis, and pneumonia.10

Postoperative rehabilitation includes nutritional assess-
ment as outlined before. Pulmonary rehabilitation be-
gins postoperatively with breathing techniques, secre-
tion management, and assisted coughing with 
stabilization of the disrupted thorax. Scar mobilization 
is an important aspect of early pain relief. Scars can in-
crease pain secondary to adherence to chest wall struc-
tures, underlying nerve entrapment, and restriction of 
range of motion of the shoulder. Early scar mobiliza-
tion consists of gentle massage to maintain mobility of 
the incision and the soft tissue structures adjacent to the 
incision. Soft tissue massage techniques are not initi-
ated until adequate wound healing has occurred.

Shoulder dysfunction is a common sequela of PTPS. The 
shoulder dysfunction has multiple factors including 
muscle disruption, chest wall pain with shoulder move-
ment, and myofascial pain. Surgical disruption of the 
latissimus dorsi and serratus anterior can lead directly to 
shoulder dysfunction. The serratus anterior stabilizes the 
scapula against the chest wall and aids in protraction. 
Normal shoulder abduction is limited without serratus 
anterior function. The latissimus dorsi is a powerful ad-
ductor of the arm. Latissimus restriction can lead to lack 
of forward fl exion and abduction at the glenohumeral 
joint. The disruption of these two muscle groups is less 
of an issue with muscle-sparing procedures. The reha-
bilitation process is delayed primarily because of time 
for muscle continuity to return after disruption. The ini-
tial management includes gentle massage of the affected 
muscle group and pendulum exercises. This is followed 
by gentle active range of motion exercises that progress 
to passive range of motion exercises once full muscle 
continuity has been regained. Strengthening is the next 
process and can take up to a full year. Weakness in the 
latissimus muscle group may persist and requires atten-
tion and appropriate restrictions. The primary issue with 
the serratus anterior is obtaining normal scapular me-
chanics and normalizing scapulohumeral rhythm. This 
may require dedicated physical therapy by a therapist 
who understands shoulder mechanics. Shoulder reha-
bilitation may be delayed by postoperative restrictions. 
The standard restrictions are active range of motion only 
and no lifting of more than 10 pounds. These restric-
tions as standard practice are in place for 6 weeks after 
surgery. Full lifting as tolerated is typically not recom-
mended until 12 weeks after surgery.

The next step in rehabilitation is regaining and perhaps 
surpassing of presurgical function with endurance train-
ing. Endurance training can include low-impact lower 
extremity exercise, such as walking and stationary bik-
ing once pain allows. The patient can progress to high-
load activities (e.g., running, swimming, climbing) after 
full healing of the chest wall, typically at 12 weeks. The 

fi nal step is return to work and vocational rehabilita-
tion. It is important to address goals of the rehabilita-
tion process early in management; this helps both 
physiatrist and patient to set goals that will maximize 
quality of life.

Procedures
Management of PTPS with interventional procedures 
consists of perioperative and chronic pain management. 
The perioperative management involves preemptive an-
algesia with regional anesthesia preoperatively.2,4 Tho-
racic epidural anesthesia is the primary means of early 
postoperative management, and this typically consists 
of infusion of an opiate and an anesthetic.1 Chronic 
PTPS management usually starts with intercostal nerve 
blockade.2 Thoracic nerve root block and radiofrequency 
ablation of intercostal nerves are other procedures used 
for PTPS.2 Long-term maintenance pain management 
can be accomplished with intrathecal opiate delivery 
and spinal cord stimulators.2

Surgery
There are no surgical treatments for post-thoracotomy 
pain.

POTENTIAL DISEASE COMPLICATIONS
The potential complications of PTPS include postopera-
tive respiratory dysfunction secondary to decreased 
depth of breathing, retention of secretions, and atelecta-
sis.10 In addition, persistent chest wall pain can result in 
decreased shoulder movement and adhesive capsulitis. 
Shoulder function also may be affected by the disrup-
tion of the serratus anterior and the latissimus dorsi, 
resulting in scapular dysfunction and glenohumeral 
dysfunction, respectively. In addition, sleep disruption, 
depression, loss of employment, and diminished func-
tional and vocational capacities can be seen in PTPS.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications of PTPS treatment include local compli-
cations from interventional procedures, including he-
matomas, infections, and nerve disruption. In addition, 
the use of opiates and NSAIDs postoperatively can lead 
to gastrointestinal dysfunction. The most common side 
effects identifi ed with the use of gabapentin in this 
population are sedation (24%) and dizziness (6%).13

Post-Thoracotomy Pain  Syndrome
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DEFINITION
Post-mastectomy pain syndrome (PMPS) is defi ned as a 
chronic pain condition, typically neuropathic in nature, 
that can follow surgery to the breast.1 PMPS can occur 
with any surgery to the breast, including mastectomy, 
lumpectomy, reconstruction, and augmentation, although 
rates seem to be reduced with sentinel lymph node proce-
dures.2,3 PMPS affects approximately 40% of patients after 
breast surgery.3,4 The risk factors for development of PMPS 
include younger age, more extensive surgery, greater im-
mediate postoperative pain, and anxiety.2,5

Classifi cation of PMPS can be divided into three catego-
ries: phantom breast pain, intercostobrachial neuralgia, 
and neuroma pain.6 Phantom pain is identifi ed in 23% 
of post-mastectomy patients and consists of painful 
sensations in the area of the removed breast.7 The inter-
costobrachial nerve is the lateral cutaneous nerve of the 
second thoracic root. It courses along the axillary vein 
and then provides sensation to the axilla and breast. 
The intercostobrachial nerve is frequently stretched or 
sacrifi ced during axillary lymph node dissections and is 
a common cause of PMPS.6,8,9 The scar from breast sur-
gery can be a generator of pain. The pain has been at-
tributed to underlying neuroma formation, axon im-
pingement, and scar retraction.6,10

SYMPTOMS
The symptoms associated with PMPS include shooting, 
stabbing, burning, and pins and needles in the breast, 
axilla, or medial arm.1,3,6,11-13 In addition, patients com-
plain of symptoms of tightness and fullness in the axilla. 
Pain is aggravated by shoulder movement, stretching, 
straining, and direct contact with clothes.3,11 The symptoms 

of PMPS are usually nonprogressive and have been found 
to persist in half of patients observed for 9 years.1,11 PMPS 
results in functional loss and sleep disruption, and these 
may be common presenting complaints.1,10

PHYSICAL EXAMINATION
The primary aspects of the physical examination include 
the exclusion of other causes of the identifi ed pain and 
the classifi cation of PMPS. General inspection is per-
formed to evaluate for muscle wasting, asymmetry, and 
gross masses. The musculoskeletal examination focuses 
on shoulder range and function and costovertebral, cos-
tochondral, and rib integrity. A careful skin examination 
is performed to assess for scar adherence, fi brosis, scar 
tenderness, neuromas, infection, and recurrence of ma-
lignant disease. The lymphatic examination is performed 
to assess for lymphadenopathy in lymphatic distribu-
tions not already dissected. The neurologic examination 
includes motor testing of the shoulder girdle, focusing 
on motor nerves potentially affected by breast surgery 
(thoracodorsal, long thoracic, medial and lateral pecto-
ral). Sensory testing includes all affected breast derma-
tomes T1-5. Particular attention should be paid to the 
posterior thorax dermatome, as this can be a clue to spi-
nal disease. The sensory examination of the axilla should 
identify the distribution, severity, and type of sensory 
abnormality. The complete neurologic examination in-
cludes a full assessment of ipsilateral upper extremity 
motor, refl ex, and sensory function.

FUNCTIONAL LIMITATIONS
The major functional limitations with PMPS include 
loss of shoulder range of motion, lifting restrictions, 
and sleep disruption. Loss of shoulder range of motion 
is attributed to maintenance of the more comfortable 
adducted position, resulting in restricted abduction and 
external rotation.11 Limitations with lifting result in di-
minished capacity to perform household duties (vacu-
uming, laundry), occupational duties (stocking shelves), 
and vocational pursuits.1,10,11 Sleep disruption affects 
50% of patients with PMPS and can lead to global day-
time dysfunction.11

Synonym
None

ICD-9 Code
611.71 Mastodynia
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DIAGNOSTIC STUDIES
Diagnostic studies are used primarily to exclude other 
causes of pain. Recurrent malignant neoplasms can be 
excluded by mammography, magnetic resonance imag-
ing, or positron emission tomographic scans. Dedi-
cated imaging of the thoracic spine is warranted to ex-
clude another cause of neuropathic pain in the breast 
dermatomes such as radiculopathy. Electrodiagnosis 
can be useful to exclude motor nerve abnormalities 
and plexopathy.

by shoulder range of motion. Shoulder rehabilitation 
begins with stretching of the pectoralis and latissimus 
dorsi, followed by glenohumeral range of motion exer-
cises and fi nally scapulohumeral retraining. Once full 
shoulder range of motion with normal scapulohumeral 
mechanics is accomplished, strengthening and task-spe-
cifi c function become the targets of rehabilitation.

Procedures
Procedural management of PMPS is typically limited to 
regional nerve blocks for pain control.12 For those with 
progressive shoulder dysfunction and painful range of 
motion, local injections in the subacromial space may 
be benefi cial. In addition, myofascial injections with 
anesthetic preparations or botulinum toxin can be ben-
efi cial for myogenic pain.

Surgery
Surgical management for PMPS typically relates to chest 
wall pain or shoulder dysfunction. Chest wall pain with 
scar retraction can be managed with scar removal. In 
addition, soft tissue adherence to chest wall structures 
may require surgical repair. Adhesive capsulitis as a re-
sult of progressive loss of shoulder range of motion may 
require manipulation under anesthesia for full shoulder 
range of motion to be obtained.

POTENTIAL DISEASE COMPLICATIONS
The primary potential disease complications of PMPS 
are loss of shoulder function and diminished carrying 
capacity of the affected extremity. Resultant to this lack 
of function, patients can lose employment and voca-
tional and recreational capacity. An insidious and life-
altering complication of PMPS is sleep disruption. Sleep 
disruption can result in global dysfunction and health-
related complications.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment complications are primarily related to side 
effects of medications. Capsaicin is known to cause 
painful skin reactions through its mechanism of action. 
Tricyclic antidepressants have anticholinergic side 
effects and must be used with caution in patients with 
cardiac arrhythmias. The main side effects of gabapen-
tin are sedation, tremors, and dizziness. Topical lido-
caine patches can result in skin excoriation. Bleeding, 
infection, and nerve irritation can complicate interven-
tional procedures.

Differential Diagnosis

Tumor recurrence

Rib fracture

Paraneoplastic neuropathy

Intraparenchymal lung disease

Chemotherapy neuropathy

Thoracic nerve root impingement

Radiation plexopathy

Intercostal neuralgia

TREATMENT
Initial
The initial management of PMPS commences periop-
eratively. This includes minimization of dissection, 
nerve-sparing procedures, and early control of pain. 
Early pain control is imperative because severe early 
postoperative pain is one of the most consistent factors 
in PMPS.5 Early postoperative pain control is typically 
accomplished with judicious use of opiates and non-
steroidal anti-infl ammatory drugs. Early desensitization 
techniques can help limit neuropathic symptoms and 
can be initiated once the incision is healed. For those 
with uncontrolled pain that limits sleep and daily func-
tion, neuropathic pain medications can be initiated. 
Pharmaceuticals have not been studied extensively, but 
capsaicin, amitriptyline, nortriptyline, gabapentin, and 
Lidoderm patches have been studied and found to be 
effective.6,12,14 Long-acting opiates can be used when 
these agents fail to control symptoms.12

Rehabilitation
From a rehabilitation perspective, PMPS management 
begins immediately postoperatively. The primary factor 
for rehabilitation management is to identify functional 
limits, targeting these as goals of both the patient and 
the caregiver. Clearly, shoulder restriction is a major fac-
tor in the functional limitations from PMPS. The initial 
phase of management includes pain control followed 
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DEFINITION
Upper limb amputations are devastating occurrences 
for individuals, with profound functional and voca-
tional consequences. The primary reason for upper limb 
loss is trauma; cancer is the next most common rea-
son.1,2 Upper limb amputations from trauma occur at a 
rate of 3.8 individuals per 100,000; fi nger amputations 
are the most common (2.8 per 100,000). Hand amputa-
tions from trauma occur at a rate of 0.02 per 100,000.1
Traumatic transradial amputations occur at a rate of 
0.16 per 100,000 persons, and transhumeral limb loss 
from trauma occurs at a rate of 0.1 per 100,000.1 The 
rates for traumatic amputations have declined by 50% 

Synonyms
Hand amputations
Below-elbow amputations
Above-elbow amputations

ICD-9 Codes
886   Traumatic amputation of other fi nger(s) (complete) 

(partial)
886.0  Without mention of complication
886.1  Amputated fi nger, complicated
887   Traumatic amputation of arm and hand (complete) 

(partial)
887.0  Unilateral, below elbow, without mention of complication
887.1  Unilateral, below elbow, complicated
887.2   Unilateral, at or above elbow, without mention of 

complication
887.3  Unilateral, at or above elbow, complicated
887.4    Unilateral, level not specifi ed, without mention of 

complication
887.5  Unilateral, level not specifi ed, complicated
887.6  Bilateral (any level), without mention of complication
887.7  Bilateral (any level), complicated
905.9  Late effect of traumatic amputation
997.60 Amputation stump complication, unspecifi ed
997.61 Neuroma of amputation stump
997.62 Infection (chronic)
V52  Fitting and adjustment of prosthetic device and implant
V52.0  Artifi cial arm (complete) (partial)

during the period 1988 to 1996,1 probably because of 
changing work force patterns and greater concerns for 
industrial safety.

Limb amputations that result from malignant neo-
plasms have declined approximately 42% from 1988 to 
1996.1 Their rates of occurrence are lower than for 
trauma, with an upper limb loss rate in 1996 of 0.09 per 
100,000.1

These rates of upper limb amputations are lower than 
the incidence rates for lower limb dysvascular amputa-
tions due to diabetes and peripheral arterial diseases, 
which occur in 45 per 100,000 individuals and dispro-
portionately affect minority individuals.1,3

Machinery and power tools are the most common rea-
sons for traumatic upper limb amputations. Men are at 
far greater risk for traumatic amputation than women 
are, demonstrating about 6.6 times the female rate for 
minor amputations of the fi nger and hand.2 Traumatic 
amputations often result in irregularly shaped residual 
limbs and frequently require skin grafts. Efforts to re-
duce edema and to promote proper limb shaping 
should be instituted as soon as possible.4

The level of amputation is the single most important 
determinant of function after amputation. The primary 
surgical principle is to save as much limb as possible 
while ensuring removal of devitalized tissues and re-
sidual limb wound healing. Saving of the most distal 
joint possible dramatically improves the amputee’s 
function. The elbow joint, for instance, when it is pre-
served, allows the arm to function in carrying and sup-
porting activities. For the mangled hand, saving of any 
fi ngers or remnants provides reconstructive hand sur-
geons the possibility of constructing a hand that can 
perform grasping activities.

Persons sustaining upper limb amputations present 
complex rehabilitative needs that are ideally best man-
aged by a rehabilitation center with therapists, prosthe-
tists, and physicians possessing specialized knowledge 
and experience. Proper rehabilitation and a comfortable 
and functional prosthesis will facilitate functional resto-
ration. Vocational counseling and vocational retraining 
are vital aspects of any program, as this condition often 
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affl icts young, vocationally productive persons, primar-
ily men.

A continuum of care is vital to successful rehabilitation. 
Patients must be transitioned effectively from the inpa-
tient postsurgical unit, sometimes to an inpatient reha-
bilitation unit and always to a long-term outpatient 
rehabilitation and prosthetic program.

SYMPTOMS
Congenital upper limb amputees may report no specifi c 
symptoms except the lack of full upper extremity func-
tion. In contrast, traumatic upper limb amputees may 
describe phantom pain (pain perceived in the missing 
part of the limb) or phantom sensation (nonpainful 
perceptions of the missing part of the limb). Discomfort 
with prosthetic fi t or skin breakdown on the residual 
limb may be reported in prosthetic users.

PHYSICAL EXAMINATION
Upper limb amputees require a thorough musculo-
skeletal examination that includes muscle strength 
testing, sensory testing, and examination of the contra-
lateral limb. Examination of the residual limb should 
assess for areas of skin breakdown, redness, painful 
neuroma, and volume changes that could affect pros-
thetic fi t. Persons with traumatic amputations of the 
upper limb can have brachial plexus injuries or rotator 
cuff tears that weaken the residual upper limb muscles. 
Insensate skin can predispose a patient to breakdown 
at the site of contact with a prosthesis. Joint range of 
motion should be assessed. In particular, the scapulo-
thoracic motion is important, as protraction of the 
scapulae provides the force for a dual-control cable 
system for body-powered prostheses. Reduced elbow 
or shoulder range of motion from heterotopic ossifi ca-
tion, joint capsule contracture, or muscle contracture 
can impede maximum recovery of function or use of a 
prosthesis.

FUNCTIONAL LIMITATIONS
An upper limb amputee’s functional status depends on 
the level of amputation. Persons with fi nger loss (not 
including the thumb) are quite functional without a 
prosthesis. Persons with thumb amputations lose the 
ability to grip large objects as well as fi ne motor skills 
that require opposition with another fi nger. Reconstruc-
tive surgery by pollicization with another remaining 
fi nger dramatically improves hand function.

Transradial and transhumeral amputees lose hand 
function and have limitations in basic and higher 
level activities of daily living, such as dressing. They 
frequently sustain new vocational limitations that can 
preclude return to their previous work activities. Most 
persons can adapt to almost all basic daily activities 
with use of the intact contralateral hand and upper 
limb. Prosthetic devices may or may not improve 

function. Some amputees fi nd upper limb prosthetic 
devices cumbersome, discarding their use altogether. 
Datta and colleagues5 found a 73.2% return to work 
rate after upper limb amputation, although 66.6% 
had to change jobs. The overall rejection rate of the 
prosthesis in this study population of predominantly 
traumatic upper limb amputees was 33.75%. The vast 
majority used the prosthesis primarily for cosmesis; 
25% of patients reported that the prosthesis was ben-
efi cial for driving, and a small proportion used it for 
employment and recreational activities. Some ampu-
tees require a specialized prosthesis to continue their 
specifi c work-related activities. Recreational activities 
such as golf, tennis, and other sports can often be ac-
complished with the use of adaptive prosthetic de-
vices designed for these specifi c purposes. Return after 
amputation to such enjoyable pursuits can be quite 
therapeutic.

DIAGNOSTIC TESTING
No special diagnostic testing is generally required be-
yond a careful physical examination. If there is weak-
ness of the limb, electrodiagnostic testing may clarify 
whether a plexopathy is also present. Radiographs may 
be necessary to evaluate for osteomyelitis, heterotopic 
ossifi cation, or a bone spur in the distal limb causing 
poor prosthetic fi t.

TREATMENT
Initial

Perioperative Management

Management of persons with upper limb amputations 
involves a continuum of care.1,4,6-9 This begins with 
provision of preoperative information when the am-
putation is elective, as in the case of cancer. The over-
riding concern in planning the amputation is to save 
all possible length, particularly the elbow joint. This 
preserves elbow fl exion and prevents the need for a 
dual-control cable system. The early input of a phys-
iatrist, nurse, and therapist with expertise in this area 
is highly advantageous. Early involvement of the reha-
bilitation team can provide helpful information about 
prosthetic options, the rehabilitation continuum, and 
what can be expected after amputation (such as phan-
tom sensations).

Rehabilitation

Initial Rehabilitation Care

After amputation, the primary goals are wound heal-
ing, edema control, and prevention of contractures and 
deconditioning. Persons sustaining upper limb ampu-
tations due to trauma or cancer generally have normal 
underlying blood supply, and most surgical sites can 
readily heal. Edema is prevented by use of a shrinker 
sock, elastic bandage wrapping with a fi gure-of-eight 
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technique that provides pressure distally without chok-
ing the limb, or a rigid dressing system. In sophisticated 
centers, immediate postoperative prosthesis fi tting in 
the operating room is implemented. The immediate 
postoperative prosthesis is placed over the limb after 
padding of the skin with soft dressings. The immediate 
postoperative prosthesis accommodates surgical drains 
yet prevents the formation of edema. Prosthetic com-
ponents can be attached to the immediate postopera-
tive prosthesis and early training implemented.

Postoperative early identifi cation and treatment of ad-
herent scar tissue are important. Scar can form between 
skin, muscle, and bone. These adherences can cause 
pain when muscles are contracted or a joint is moved 
during operation of the prosthesis.10

Residual limb pain and phantom pain are two condi-
tions that can affect patients with upper limb amputa-
tions.7 Phantom sensations are common; yet fortu-
nately, disabling phantom pain occurs in only about 
5% of amputees.6 Despite the many interventions used 
for phantom pain, there are no uniformly effective 
treatments.6,8 Medication and physical modalities must 
be tried in a rational fashion to determine the most ef-
fective intervention. Physical modalities include a trans-
cutaneous electrical nerve stimulation unit, physical 
manipulation, and massage of the residual limb.6 Fit-
ting of a comfortable prosthesis can often help reduce 
these painful sensations.

Neuromodulating medications, such as tricyclic antide-
pressants and antiepileptics (gabapentin), are frequently 
used with variable results6,8; � blockers (propranolol 
and atenolol) have been found to be somewhat effec-
tive in treating phantom pain.6 If patients require car-
diac or hypertension medications, the choice of a �
blocker may serve two purposes for these amputees with 
phantom pain.

Opiates may be effective for these problems when 
other methods fail to relieve phantom pain.8 If it is 
anticipated that the person with phantom pain will 
need analgesia for a long period, long-acting opiates 
should be used. Longer acting opiates have less ha-
bituation and addiction potential. Most amputees 
with phantom pain have intermittent severe pain that 
can be treated with small doses on an as-needed basis 
of a short-acting opiate, such as oxycodone. For the 
few patients with severe, unremitting, phantom and 
residual limb pain, referral to a specialized pain cen-
ter is suggested.

Rehabilitative and Prosthetic Management

Prevention of contractures in the residual limb and pre-
vention of generalized deconditioning are important 
goals of early rehabilitation. Any other injuries, as are 
common in persons sustaining severe trauma, should 
be identifi ed and rehabilitation efforts directed at their 
remediation. For body-powered prostheses, scapulotho-
racic motion provides power through a cable system to 
operate the prosthesis. Likewise, elbow contractures or 
shoulder contractures or capsulitis will severely impede 

maximal prosthetic use, and these problems should be 
aggressively addressed. Early training in activity of daily 
living skills should be pursued as well. Therapies should 
be directed toward amelioration of weakness through 
exercises or contractures through active-assisted range 
of motion exercises and prolonged stretching.

A detailed discussion of prosthetic devices is beyond the 
scope of this chapter, and consultation with a skilled 
prosthetist and physiatrist is desirable. In general, there 
are two types, body-powered and myoelectric devices.1,9

Body-powered devices are usually less cosmetic yet are 
less expensive and much more durable. Myoelectric 
prostheses are controlled by electrical signals generated 
in muscles from the remaining residual limb or shoul-
der girdle. Myoelectric prosthetic devices extract signals 
from remaining muscles under voluntary control to ac-
tivate and to control drive motors in the prosthesis. 
These devices are expensive, and special prosthetic skills 
are required to fabricate and to maintain them, but they 
are generally more cosmetic in appearance and well 
suited for selected patients. Prosthetic functional out-
comes depend on an individual’s goals related to cos-
mesis, function, and psychological factors.10 Skin break-
down can occur over bone prominences, where there 
are skin grafts, or where skin is adherent to underlying 
bone. Alteration of the prosthetic socket and suspen-
sion systems or temporary discontinuation of prosthetic 
use until the skin has healed may be necessary.

The fi eld of upper extremity prosthetics is changing 
with the development of implantable neurologic sens-
ing devices and targeted muscle innervation. Targeted 
motor reinnervation incorporates the transfer of resid-
ual peripheral nerves into muscles in or near the re-
sidual limb, with subsequent reinnervation of those 
muscles. By use of these surface electromyographic sig-
nals that relate directly to the original function of the 
limb, control of the externally powered prosthesis oc-
curs.11 Multidextrous terminal devices may soon be 
available.10

Procedures
Most procedures related to the care of upper extremity 
amputees focus on pain management techniques, such 
as injection of local anesthetic around a painful neu-
roma, nerve blocks, massage, or chiropractic manipula-
tion. Acupuncture, hypnosis, and biofeedback have also 
been used in the management of phantom limb pain 
with variable success.8

Surgery
Revision surgeries are sometimes necessary to remove 
bone spurs that interfere with prosthetic fi tting. The 
initial surgery should spare all length possible, particu-
larly the elbow joint. A well-healed surgical site with 
good distal soft tissue coverage of the bone end is an 
optimal result that facilitates prosthetic use. In addition, 
surgical treatment of adherent scar tissue may be neces-
sary to improve function of a prosthesis.

Upper  L imb Amputat ions
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POTENTIAL DISEASE COMPLICATIONS
As a result of the upper limb amputation, residual limb 
pain, including severe phantom pain, can occur. Joint 
contractures can develop in the remaining part of the 
limb, as well as frozen shoulder and adhesive capsulitis. 
This is a particular concern with coexistent peripheral 
nerve or brachial plexus injury.

Depression brought on by the diffi culties of adjusting 
to limb loss is reported. Psychological counseling and 
support groups incorporating peer support are valuable 
resources.

POTENTIAL TREATMENT 
COMPLICATIONS
Surgical complications include postoperative wound 
infections and postoperative failure of the surgical 
wounds to heal. Neuroma formation can occur after 
transection of a nerve. Burying the nerve ending under 
large soft tissue masses may reduce the likelihood of 
irritation.

Many medications used in the treatment of phantom 
pain associated with amputations have potential side 
effects, including dry mouth, constipation, weight gain, 
mental cloudiness, cardiovascular effects, and addic-
tion. The side effect profi les vary by the medication class 
and dosage.

Skin breakdown from a poorly fi tting prosthesis can oc-
cur. This can be aggravated by hyperhidrosis, folliculitis, 
or poor hygiene.

Overuse injuries in the nonamputated limb reportedly 
are higher than expected in the normal population.5

These include repetitive strain-type injuries due to the 
individual’s performing certain tasks with poor body 
posture and ergonomics.12
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DEFINITION
Amputations due to vascular conditions account for 
most (82%) lower limb loss.1 More than half of dys-
vascular amputations (53.6%) are at the transfemoral 
(25.8%) and transtibial (27.6%) levels; 31% involve 
the toes.2 Most of these amputations occur in people 
aged 60 years and older. In 2001, the rate of lower ex-
tremity amputations in the United States was esti-
mated at 6.5 per 1000 people with diabetes. There are 
approximately 82,000 nontrauma diabetes-related 
lower extremity amputations each year.3 Approximately 
70% of lower extremity amputations in adults are the 
result of complications of diabetes and peripheral 
vascular disease. Trauma is the next most common 
cause of lower extremity amputation (22%), followed 
by tumors (5%). However, in children aged 10 to 
20 years, tumor is the most common cause of both up-
per and lower extremity amputations. Male amputees 
outnumber female amputees 2.1:1 in disease and 7.2:1 
in trauma.3

SYMPTOMS
The postoperative or post-traumatic sequela of an am-
putation is that the patient is missing all or part of a 
limb. In addition, there may be associated symptoms, 
such as phantom limb sensation, phantom pain, stump 
pain, and pain from the surgery itself.

Phantom limb sensation is the perception that the ex-
tremity is still present and occasionally distorted in po-
sition. Phantom limb sensation typically fades away 
within the fi rst year after amputation, usually in a “tele-
scoping” phenomenon. This includes the perception 
that the distal aspect of the limb (that is, the foot) is 
moving closer and closer to the site of amputation.

Phantom limb pain is differentiated as a painful percep-
tion within the absent body part. The incidence of 
phantom limb pain is variable and has been reported 
from 0.5% to virtually 100% of persons with amputa-
tions. This variability is due to differences in study 
methods and population. The most recent studies sug-
gest that up to 85% of people with amputations will 
experience phantom pain.4 Patients may describe the 

Synonyms
Below-knee amputation—transtibial amputation
Above-knee amputation—transfemoral amputation
Syme’s amputation (foot disarticulation)
Neuropathic pain—dysesthetic pain
Residual limb stump

ICD-9 Codes
353.6  Phantom limb (syndrome)
718.45 Joint contracture (hip), pelvis and thigh
718.46 Joint contracture (knee), lower leg
719.7  Diffi culty walking (ankle and foot)
895  Traumatic amputation of toe(s) (complete) (partial)
895.0  Without complication
895.1  Complicated
896  Traumatic amputation of foot (complete) (partial)
896.0  Unilateral, without mention of complication
896.1  Unilateral, complicated
896.2  Bilateral, without mention of complication
896.3  Bilateral, complicated
897  Traumatic amputation of leg(s) (complete) (partial)
897.0   Unilateral, below knee, without mention of 

complication
897.1  Unilateral, below knee, complicated
897.2   Unilateral, at or above knee, without mention of 

complication
897.3  Unilateral, at or above knee, complicated
897.4   Unilateral, level not specifi ed, without mention of 

complication
897.5  Unilateral, level not specifi ed, complicated
897.6  Bilateral (any level), without mention of complication
897.7  Bilateral (any level), complicated
905.9  Late effect of traumatic amputation
997.60 Amputation stump complication, unspecifi ed
997.61 Neuroma of amputation stump
997.62 Infection (chronic)
V52   Fitting and adjustment of prosthetic device and 

implant
V52.1  Artifi cial leg (complete) (partial)
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pain in the absent foot or the absent limb as cramping, 
stabbing, burning, or icy cold.

Pain at the surgical site, including incisional discomfort, is 
common and should resolve within a few weeks of sur-
gery. Residual limb pain is perceived in the residual limb 
in the region of the amputation. The incidence of residual 
limb pain has been reported between 10% and 25%; it 
may be diffuse or focal and is commonly associated with 
neuroma, which is palpable around the amputation site.

PHYSICAL EXAMINATION
Wound healing, range of motion, muscle strength, and 
incisional integrity must be evaluated in the residual 
limb. Visualization of the contralateral foot is a manda-
tory component of the examination. Upper extremity 
strength should be assessed to determine capability for 
use of assistive devices.

The unaffected foot is assessed for areas of potential 
breakdown. These include the plantar surface of the 
foot, web spaces, and areas of bone prominence. 

Skin breakdown in the residual limb is typically a result 
of pressure or shear forces. Skin breakdown can be 
manifested as abrasions from tape or the unraveling of 
an elastic wrap or be true partial- or full-thickness (pres-
sure) sores. Pressure sore phenomenon typically occurs 
at bone prominences. The fi bular head, hamstring ten-
dons, patellar tendon, medial and lateral femoral con-
dyles, and anterior distal tibia should routinely be ex-
amined for skin breakdown.

Joint contractures are a loss of full range of motion at a 
joint. They may be conceptualized as functional or me-
chanical. Functional contractures are the result of (inap-
propriate) positioning. A transtibial amputee may de-
velop knee or hip fl exion contractures merely by sitting 
with the hip fl exed and the knee fl exed at 90 degrees 
(the knee and hip extensors remain intact but are not 
being used). A mechanical contracture may result from 
unopposed muscle action. In the transfemoral amputee, 
the insertion of the hip adductors is sacrifi ced, leaving 
the unopposed (and fi rmly attached) hip abductors. 
This results in an abduction contracture.

The transtibial and Syme’s amputee requires evaluation 
of range of motion of the knee in fl exion and extension. 
Medial and lateral knee stability must also be assessed. 
Knee extension muscle strength should be graded higher 
than 4/5 for successful ambulation with a prosthesis. A 
knee fl exion contracture of 10 to 18 degrees can usually 
be accommodated in a transtibial prosthesis. A contrac-
ture of more than 20 degrees requires that the individ-
ual ambulate with a bent socket, weight bearing through 
the knee.

In the transfemoral (above-knee) amputee, the range of 
motion evaluation should include hip fl exion, hip ex-
tension, hip adduction, and hip abduction. A trans-
femoral prosthesis can functionally accommodate up to 
a 20-degree hip fl exion contracture; a contracture of 
more than this makes prosthetic fi tting and successful 
ambulation less likely. Strength should also be assessed, 

and grades of 4/5 or higher in hip fl exion-extension and 
abduction are required for ambulation.

Stump or residual limb pain is assessed fi rst by inspection. 
Areas of obvious necrosis indicating poor blood fl ow may 
require surgical débridement. Nonhealing incisions are 
manifestations of ischemia, underlying hematoma, or 
abscess. The surrounding area should be palpated and as-
sessed for induration and discharge. An attempt should 
be made to “milk” fl uctuance, and drainage is sent for 
Gram stain and culture. Sutures (if present) may need to 
be removed to facilitate evacuation of the abscess or he-
matoma. In some instances, the incision may need to be 
reopened for drainage and healing to take place.

Stump pain without signs or symptoms of infection 
should be evaluated for neuroma (palpation of the ana-
tomic course of the sciatic nerve). Stump pain with or 
without skin breakdown may also be due to poor pros-
thetic fi t, so the fi t of the prosthesis ought to be evalu-
ated, preferably with a prosthetist present. Nonblanch-
able erythema is a pressure sore until proved otherwise, 
and the prosthesis should not be worn until appropriate 
adjustments are made. Bruising at the distal aspect of 
the stump in the prosthetic wearer is indicative of a 
poor prosthetic fi t. That is, the residual limb may be 
falling too deeply into the socket. Similarly, a choke 
phenomenon occurs with lack of total contact or inabil-
ity to get the residual limb all the way into the socket. 
This can progress to verrucous hyperplasia, which pre-
disposes the individual to fi ssuring and infection.

Gait evaluation with prosthesis should be performed by 
use of an appropriate assistive device. Observed gait 
deviations should be communicated to the prosthetist 
for prosthesis modifi cations and to the therapist.

FUNCTIONAL LIMITATIONS
Functional limitations are largely dependent on the 
premorbid status of the individual. Ambulation with 
one limb or hopping (with a walker or crutches) re-
quires approximately 60% increased energy over nor-
mal human locomotion. The energy cost of ambulation 
with a prosthesis varies, but for the diabetic or dysvas-
cular amputee, it approaches 38% to 60% increased 
energy for a below-knee amputee and 52% to 116% 
higher for an above-knee amputee.1 An otherwise 
healthy person who has sustained a traumatic limb am-
putation or an individual who had been ambulating 
with crutches or another assistive device before having 
an amputation (often because of non–weight-bearing 
status on the affected limb) will probably be discharged 
from the acute care setting to home with outpatient 
services, at an “ambulatory” level with the appropriate 
assistive device; the energy expenditure will be less than 
that of a dysvascular amputee.

An older individual or person with multiple comor-
bidities may be at the wheelchair level secondary to 
deconditioning or inadequate cardiopulmonary reserve 
to ambulate with an assistive device. This person may 
have had an acute or subacute rehabilitation hospital 
stay after the acute care hospitalization.
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Functional limitations due to pain are associated with 
an inability to participate in ongoing activities of daily 
living. In general, symptoms of phantom sensation tend 
not to be an issue, whereas phantom pain can be se-
verely limiting, preventing a person from participating 
in pre-prosthetic and prosthetic rehabilitation. Func-
tional limitations related to stump or residual limb pain 
include the inability to tolerate stump shrinkage by ap-
propriate modalities and an inability to tolerate gait 
training with a prosthesis. To accommodate stump 
pain, the patient may develop gait deviations to de-
crease pressure under the aspect of the residual limb 
and may fi nd functional ambulation signifi cantly cur-
tailed.

Individuals with signifi cantly impaired cardiac output 
may not be able to perform pre-prosthetic training with 
a walker (or crutches). They may not be prosthetic can-
didates at all because of the increased energy demands 
of prosthetic ambulation.

Rates of clinical depression range from 18% to 35% 
among amputees. Those with amputation-related pain 
are more prone to depression. Depression should be 
differentiated from the grief response and postoperative 
adjustment period.5

DIAGNOSTIC STUDIES
The individual with phantom limb pain may benefi t 
from diagnostic as well as therapeutic sympathetic 
nerve block. On occasion, electrodiagnostic tests (elec-
tromyography and nerve conduction studies) are help-
ful to differentiate symptoms of radiculopathy or other 
disease in the phantom limb.

In the younger amputee, it is occasionally necessary to 
obtain plain radiographs of the residual limb to assess 
the bone overgrowth. This is typically visually evident 
on inspection; the radiograph confi rms the extent of 
overgrowth.

TREATMENT
Initial
Initial treatment focuses on edema control and shaping 
of the residual limb as well as wound healing, preven-
tion of contractures, and pain management. Options 
for edema control are listed in Table 109-1.4,6

Patients with a transtibial amputation have the poten-
tial for knee fl exion and hip fl exion contractures as a 
result of positioning (usually, sitting in wheelchair or in 
bed). Therefore, avoidance of pillows under the knee 
and promotion of lying prone in bed can be helpful.

Persons with a transfemoral amputation may also de-
velop hip fl exion contractures as a result of sitting. In ad-
dition, there is the tendency for development of hip 
abduction contractures, so positioning of the hip in rela-
tive adduction, avoidance of pillows under the residual 
limb, and promotion of the prone position are essential.

Phantom sensation is not typically painful, although it 
can be frightening or disorienting for the patient. The 
best treatment is to reassure the patient that this is a 
normal reaction after amputation. Education and reas-
surance of the patient as well as ongoing tactile input 
(i.e., massaging the distal residual limb and using the 
limb) will enhance the treatment of phantom sensa-
tion. There are many proposed treatments of phantom 
pain; however, there is no one defi nitive treatment that 
seems to work best. Pharmacologic intervention in-
cludes non-narcotic and narcotic analgesics; nonsteroi-
dal anti-infl ammatory drugs; anticonvulsants and mem-
brane stabilizers, particularly gabapentin, duloxetine, 
and pregabalin; and tricyclic antidepressants.7

Rehabilitation
Pre-prosthetic training focuses on functional indepen-
dence in mobility and self-care from the ambulatory 
(single limb) or wheelchair level, avoidance of hip and 
knee contractures, and residual limb management. Pros-
thetic training is initiated once the residual limb is ready, 
that is, the edema is resolved and the incision has healed; 
the prosthesis is then fabricated. A description of prosthe-
ses is beyond the scope of this chapter; however, the 
reader is referred to one of several texts on prosthetic com-
ponents and prescription.5,6,8 K levels are used by Medi-
care to determine an individual’s functional potential and 
thus to justify prosthetic components (Table 109-2). 
When the prosthesis has been fabricated, an outpatient 
appointment with the ordering physician is scheduled 
that is attended by the patient and the prosthetist. A basic 
evaluation of the fi t of the prosthesis is conducted, and 
referral for physical therapy that focuses on prosthetic 
training is made at that time, or adjustments to the pros-
thesis are made. The patient must be taught how to put on 
(don) and take off (doff) the prosthesis as well as when to 
add socks for a better fi t. The patient should also be en-
couraged to routinely inspect the skin on the residual 
limb (often done best with a long-handled mirror).

Occupational therapy consists of identifying necessary 
equipment (e.g., toilet safety frame, tub transfer bench) 

Differential Diagnosis

Residual Limb

Edema

Neuroma

Incision

Post surgical

Infection

Bone Overgrowth

Ischemia

Phantom Pain

Sympathetic Pain

Radiculopathy

Ischemia
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and establishing independence in self-care from the 
wheelchair or ambulatory level with use of just the un-
affected limb (single-limb stance). Occupational ther-
apy should also be ordered when the patient receives 
the prosthesis to establish independence in self-care, 
particularly with lower extremity dressing, toileting, and 
homemaking while the prosthesis is worn.

Return to driving is an important aspect of functional 
independence. The majority (80.5%) of prosthetic users 
with major lower extremity amputations are able to re-
turn to automobile driving 3.8 months after amputation. 
People with left-sided amputations have signifi cantly 
fewer concerns about driving; those with right-sided am-
putations may need vehicle modifi cations (40%) or may 
need to switch to left foot driving style.9

Procedures
Treatments of postamputation phantom pain include 
sympathetic blocks, which are typically performed un-
der fl uoroscopic guidance. Neuromas, which typically 
form 1 to 12 months after amputation, may present as 
a focal soft tissue mass with reproducible pain on pal-
pation. Local anesthetic injection may provide pain re-
lief. Surgical resection is an option but can result in a 
new (painful) neuroma.5

Surgery
Surgery is indicated when a residual limb requires 
wound revision or higher level of amputation. Ham-
string releases have a limited or no role because they 

TABLE 109-1 Treatment Options for Edema Control

Treatment Options Advantages Disadvantages

In a Below-Knee Amputee

Above-knee cast Prevents knee fl exion contracture
Provides protection
No patient “skill” or management necessary to remove
Very low cost

Bulky, awkward, heavy to move
Unable to visualize wound
Unable to remove
Potential for skin breakdown

“Stump shrinker” Easy to don and doff
Enables visualization of wound
Accustoms individual to use of a sock
Provides shaping of residual limb

Cost—may need to be replaced after 
stump has begun to shrink

Rigid removable dressing 
(Fig. 109-1)

Excellent for preparing residual limb for eventual prosthesis
Fosters patient’s independence in assessing need for stump socks
Good edema management
Provides some soft tissue protection
Able to view wound

Therapist, physician, and prosthetist 
must be skilled in fabrication

Potential for skin breakdown if applied 
incorrectly

Elastic bandage (ACE wrap) Easily available
Able to visualize wound
Accommodates all shapes and sizes
Good edema control

Requires excellent dexterity for patient 
to don and doff

Potential for shear injury if wrap unravels
Must be reapplied multiple times a day 

secondary to potential loosening

In an Above-Knee Amputee

Stump shrinker, elastic 
bandage

Same advantages and disadvantages as described for below-knee amputee

TABLE 109-2 K Levels

K0 (level 0) Does not have the ability or potential to ambulate or to transfer safely with or without assistance, and a prosthesis does 
not enhance the quality of life or mobility

K1 (level 1) Has the ability or potential to use a prosthesis for transfers or ambulation on level surfaces at fi xed cadence—typical of 
the limited and unlimited household walker

K2 (level 2) Has the ability or potential for ambulation with the ability to traverse low-level environmental barriers, such as curbs, stairs, 
or uneven surfaces—typical of the limited community walker

K3 (level 3) Has the ability or potential for walking with variable cadence—typical of the community walker who is able to traverse
most environmental barriers and may have vocational, therapeutic, or exercise activity that demands prosthetic use 
beyond simple walking

K4 (level 4) Has the ability or potential for prosthetic use that exceeds basic walking skills, exhibiting high impact, stress, or energy 
levels—typical of the prosthetic demands of the child, active adult, or athlete
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would inhibit the ability to walk. There does not appear 
to be any role for surgical stump revision for treatment 
of phantom pain.

There are few data to promote dorsal root entry zone 
ablation, dorsal rhizotomy, dorsal column tractotomy, 
thalamotomy, or cortical resection in the treatment of 
phantom pain. A small trial to surgically treat phantom 
pain locally was performed. The sciatic nerve was split 
proximal to the popliteal fossa, and the two parts were 
reconnected in a sling fashion. Of 15 patients, 14 re-
ported that the procedure was “very helpful.”10

Bone overgrowth develops in 10% to 30% of children 
with congenital amputations, and this must be ad-
dressed surgically.11 This is much less common in the 
adult with an acquired amputation.

POTENTIAL DISEASE COMPLICATIONS
The most common complications are dehiscence or 
breakdown of the incision and nonhealing wounds. 
Infection is the most likely cause of dehiscence or a 
nonhealing incision. A trial of conservative manage-
ment including antibiotics (after a culture specimen is 
obtained) and appropriate local wound care is reason-
able. Increasing wound necrosis, foul drainage, and fe-
ver or chills warrant reevaluation by the surgeon.

Other potential complications may involve cardiac is-
chemia as a heretofore inactive (i.e., energy conserva-
tive) individual begins using up to 100% more energy 
for gait training.12 A reasonable guideline for gait train-
ing is assessment of an individual’s ability to ambulate 
with the intact lower extremity with crutches or another 
assistive device. This consumes approximately 60% 
more energy than bipedal human locomotion. A person 

who is not able to gait train (hop on one foot short 
distances) with use of an assistive device is probably not 
a potential prosthetic ambulator. Major limb amputa-
tion continues to result in signifi cant morbidity and 
mortality. One-year survival for dysvascular and diabetic 
individuals is 50.6% for transfemoral amputees and 
74.5% for transtibial amputees. Five-year survival is 
22.5% and 37.8% (survival in end-stage renal disease is 
as low as 14% at 5 years after amputation).13

POTENTIAL TREATMENT 
COMPLICATIONS
Once the prosthesis has been fabricated, skin break-
down is the most common complication. Breakdown 
commonly occurs at the distal anterior tibia (clapper-
in-bell phenomenon, a result of continued forward mo-
tion of the distal residual limb in the socket during 
swing phase), the hamstring tendons (tight brim), and 
the patellar tendon.

Patients should be instructed to inspect these areas and 
immediately report to the prosthetist signs of persistent, 
nonblanchable erythema. The prosthesis should not be 
worn until modifi cations are made.

Medication side effects depend on the particular medi-
cation being used as well as potential for drug interac-
tions when multiple medications are being used.

FIGURE 109-1. Application of the removable rigid dressing. (Reprinted 
with permission from Lennard TA. Pain Procedures in Clinical Practice, 
2nd ed. Philadelphia, Hanley & Belfus, 2000:79.)
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DEFINITION
Ankylosing spondylitis is one of a group of rheumatic 
disorders that affect the spinal column, the sacroiliac 
joints, and the peripheral joints. It involves infl amma-
tion of the entheses (tissues attaching tendons, liga-
ments, and joint capsules to bone), called enthesitis, 
and infl ammation of the synovium, called synovitis.

It is not associated with the presence of rheumatoid 
factor or antinuclear antibodies. The onset of symp-
toms is usually in late adolescence or early adulthood, 
and it is three times more common in men than 
in women. There is a genetic association with the 
HLA-B27 histocompatibility antigen, but this marker 
is neither specifi c to the disease nor necessary for the 
diagnosis to be made.

The most common sites of involvement are sacroiliac, 
apophyseal, and discovertebral joints of the spine; costo-
chondral and manubriosternal joints; paravertebral liga-
ments; and attachments of the Achilles tendon and plan-
tar fascia. Peripheral joint involvement is less common 
but occurs in the more severe forms of the disease.1

SYMPTOMS
Ankylosing spondylitis should be considered in any 
young adult patient who complains of insidious onset of 
worsening, dull, lumbosacral back pain with progressive 
morning stiffness. Pain in the area of the sacroiliac joints 
is common, as is prolonged stiffness after inactivity. 

Neurologic symptoms, such as paresthesias and motor 
weakness, are absent. Tendon and ligament attachment 
sites may become painful and swollen. One third of 
patients may develop hip or shoulder pain. Chest pain 
with deep breathing and eye pain with blurred vision are 
late symptoms of more severe disease.2

PHYSICAL EXAMINATION
The most typical fi ndings involve signs of decreased 
spine mobility as measured by the modifi ed Schober 
test, fi nger to fl oor distance, occiput to wall distance, 
and chest expansion. A Gaenslen test result may be 
positive (Fig. 110-1). The modifi ed Schober test is a 
test of lumbar spine range of motion.3 The patient 
stands erect with normal posture and the examiner 
marks two lines at the spine, 5 cm above and 5 cm 
below the posterosuperior iliac spine. The test result is 
normal if the distance between the two lines is more 
than 15 cm with full forward fl exion at the waist. The 
inability to touch the occiput to the wall while stand-
ing against it and the inability to expand the chest by 
more than 3 cm in full inhalation are late fi ndings in 
the disease.

On palpation, the lower paraspinal muscles and sacro-
iliac joints are tender. Ligamentous and tendinous at-
tachment sites are tender in areas of enthesitis, particu-
larly around the heel and tibial tuberosity.

Peripheral joint swelling and pain with decreased range 
of motion are found in about one third of patients. A 
discolored and edematous iris with circumferential cor-
neal congestion occurs in iritis and anterior uveitis.

The neurologic evaluation is typically normal with re-
gard to motor, sensory, and refl ex examination fi ndings. 
Weakness may be noted, but it is usually associated with 
pain, loss of mobility, or disuse.

FUNCTIONAL LIMITATIONS
The functional limitations of the patient with ankylos-
ing spondylitis are typically related to spine mobility 
and dysfunction. The three best predictors of decreased 
function are cervical rotation, modifi ed Schober test, 

Synonyms
Seronegative spondyloarthropathy
Seronegative arthritis
Seronegative spondylarthritides

ICD-9 Code
720.0 Ankylosing spondylitis

Note: The opinions in this article are those of the author and not 
necessarily those of the U.S. Army or Department of Defense.
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and pain.4 The Bath Ankylosing Spondylitis Functional 
Index5 is a functional assessment measurement index 
used by clinicians specializing in the care of patients 
with ankylosing spondylitis.

Early on, decreased spine range of motion is secondary 
to pain and spasm and improves with treatment. Most 
dysfunction is mild and self-limited; 90% of patients 
with ankylosing spondylitis remain employed.

In severe disease, positioning from hip fl exion contrac-
tures, thoracic kyphosis, and loss of cervical rotation 
decrease patients’ ability to view activities in front of 
them and side to side. The most commonly reported 
activity limitations are interrupted sleeping, turning the 
head while driving, carrying groceries, and having en-
ergy for social activities.6 Limitations in chest wall mo-
tion lead to a reliance on diaphragmatic breathing and 
a secondary drop in aerobic capacity.

DIAGNOSTIC STUDIES
Standard spine and sacroiliac joint radiographs show 
ossifi cation of spinal ligaments and apophyseal joints 
with eventual ankylosis, leading to the classic bamboo 
spine appearance. Sacroiliac joint fi ndings are sym-
metric; bone erosions, sclerosis, and blurring of the 
subchondral bone plate eventually progress to com-
plete ankylosis. Bone erosions at entheses are com-
mon. Hip radiographs demonstrate symmetric and 
concentric joint narrowing with subchondral sclero-
sis. Ankylosis is found in severe disease. Computed 
tomographic scans and magnetic resonance images 
are more sensitive in early disease. Early computed 
tomographic and magnetic resonance imaging fi nd-
ings show pseudowidening of the sacroiliac joints 
followed by sclerosis, narrowing, and ankylosis. Once 
initial radiographs are abnormal, further radiographic 

A

B
FIGURE 110-1. Gaenslen test. A, With the patient in side-lying position, the clinician extends the test leg. B, With the patient supine, the test leg is 
extended over the edge of the table. Pain in the sacroiliac joints indicates a positive test result.
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progression correlates with worsening results of the 
modifi ed Schober test.7

HLA-B27 is present in 90% of patients with ankylosing 
spondylitis. A negative test result suggests milder dis-
ease with a better prognosis. Rheumatoid factor and 
antinuclear antibodies are absent. Erythrocyte sedimen-
tation rate and C-reactive protein levels correlate with 
disease activity.

with use of the contraction-relaxation-stretching tech-
nique. Strengthening of back and hip extensors should 
follow the fl exibility exercises. Aerobic activities may 
maintain chest expansion. However, an exercise stress test 
should be considered before an aerobic program if aortic 
insuffi ciency is suspected. There is no evidence that one 
type of aerobic exercise is better than another. However, 
specifi c exercise programs that target strengthening and 
fl exibility of shortened muscle chains show promise.18

In general, splinting and spinal orthoses are not effec-
tive, but foot orthotics may help with calcaneal enthe-
sopathies. A fi rm mattress may help with sleep, along 
with a small cervical pillow that will help maintain cer-
vical lordosis. Wide mirrors assist drivers with limited 
cervical mobility.17

Procedures
Periarticular corticosteroid injections and fl uoroscopi-
cally guided sacroiliac joint injections may help during 
NSAID-resistant fl ares or when NSAIDs are contraindi-
cated.19 Local injections for enthesopathies may be ef-
fective, but injections in and around the Achilles tendon 
insertion should be avoided.

Surgery
Hip and knee arthroplasties should be considered be-
fore joint ankylosis. Spinal osteotomy is a risky proce-
dure for patients with severe kyphosis.20

POTENTIAL DISEASE COMPLICATIONS
Potential complications include iritis or uveitis, infl am-
matory bowel disease, aortic insuffi ciency and aortic 
root dilatation, osteoporosis (best evaluated with bone 
densitometry of the femur), and spine fracture with 
spinal cord injury (rare).

POTENTIAL TREATMENT 
COMPLICATIONS
NSAIDs may produce gastrointestinal and renal toxic 
effects, and corticosteroids increase risk of osteoporosis. 
Total hip arthroplasty increases the risk of anterior dis-
locations. Spinal osteotomy carries the risk of paralysis 
and a mortality rate of up to 4%.20

Differential Diagnosis

Rheumatoid arthritis

Other seronegative spondyloarthropathies

Reiter syndrome

Psoriatic arthritis

Enteropathic spondylitis

Behçet syndrome

TREATMENT
Initial
Evidence-based treatment guidelines must be tailored to 
the disease progression and functional impact on the 
individual with ankylosing spondylitis. Management 
must include concurrent medical, rehabilitation, and 
surgical treatment.8 The primary medical treatment of 
ankylosing spondylitis is nonsteroidal anti-infl ammatory 
drugs (NSAIDs). NSAIDs provide symptomatic relief but 
do not halt progression of the disease. No single NSAID 
is more effective than any other in ankylosing spondyli-
tis. The choice of NSAID is based on individual therapeu-
tic response, compliance, and side effects.9 Intermittent 
NSAID dosing (taking the medication only during peri-
ods of exacerbation) is generally as effective as continu-
ous dosing and results in fewer side effects.10 However, 
there is some recent evidence that continuous dosing 
may slow structural damage.11 Pulsed methylpredniso-
lone at 15 mg/kg for 3 days may be effective for NSAID-
resistant fl ares.12 However, the use of anti–tumor necrosis 
factor medications may be more effective in severe dis-
ease.13 Sulfasalazine is ineffective except in cases with a 
predominance of peripheral disease, infl ammatory bowel 
disease, or psoriasis.14 Pamidronate, when it is used to 
treat associated osteoporosis, may also decrease ankylos-
ing spondylitis disease progression.15

Rehabilitation
Physical therapy and home exercise programs may im-
prove spine mobility and lead to improvements in fl exi-
bility. Exercise programs that include aerobic, stretching, 
and pulmonary exercises work best.16,17 The benefi t of 
these programs is lost once the exercise is discontinued. 
Hip range of motion increases with regular stretching 
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DEFINITION
There are approximately 1 million injuries, 700,000 
emergency department visits, and 45,000 hospitaliza-
tions as a result of burns in the United States each year.1
The incidence of burns has decreased dramatically in the 
past 50 years as a result of public education and home 
and work safety efforts. In addition, mortality from burn 
injury has declined by approximately 50% during the 
same period.2 Treatment advances (antimicrobial ther-
apy, early excision, and grafting), advances in the fi elds of 
emergency and critical care, and the development of 
comprehensive burn centers have contributed to this im-
proved survival. Currently, once survival is ensured, treat-
ment is focused on physical healing and, in particular, 
rehabilitation.

Burn survivors are more likely to be male (75%) and 
young (mode age, 20 to 40 years). Approximately one 
third of burn injuries are associated with concomitant 
alcohol or drug use. The majority of burns result from 
fi re or fl ame injuries (60%). Other causes that represent 
the minority of burns are scald, electrical, chemical, tar, 

and grease injuries as well as skin diseases. A minority 
of burn injuries (23%) occur at work.3

One of the most common classifi cation systems uses 
depth of injury to categorize the severity of the burn. 
Superfi cial injuries, previously termed fi rst-degree burns, 
solely affect the epidermal layer. The category of second-
degree burns is now divided into superfi cial and deep 
partial-thickness burns. The superfi cial partial-thickness 
burns interrupt the epidermis and superfi cial dermis 
and present with blistering. The deep partial-thickness 
burns involve the epidermis and deep dermis, including 
skin appendages, affecting some degree of sensory and 
apocrine function. Full-thickness burns, formerly third 
degree, affect the entire epidermal and dermal layers 
and result in complete loss of skin appendages. Deep 
injuries may affect muscle, tendon, and bone. Such 
deep injuries are not part of the newer classifi cation 
system but were previously classifi ed as fourth-degree 
burns (Fig. 111-1 and Table 111-1).

SYMPTOMS
The symptoms of burn injury are directly related to the 
depth of the injury. Deep partial-thickness and full-
thickness burns interrupt the function of skin append-
ages. Damage to the apocrine sweat glands results in 
dry, friable skin. In larger burns, this may also impair 
body temperature regulation. Involvement of nerve 
endings in the dermal layer may result in completely 
impaired sensation or altered sensations, including neu-
ropathic-like pain and pruritus.

Other symptoms relate to the complications one may 
experience as a result of the burn injury. Scar tissue com-
monly develops weeks to months after closure of deep 
partial-thickness and full-thickness burns, termed hy-
pertrophic scarring. Such scars may be painful and in-
terfere with joint function. Other symptomatic compli-
cations include contractures, heterotopic ossifi cation, 
neuropathy, and amputation. Psychiatric complications 
include sleep disturbances, depression, anxiety, and 
post-traumatic stress. Additional complications may re-
sult from inhalation injury and prolonged intensive 
care and hospital stays; these include pulmonary symp-
toms, possible cognitive effects of anoxia and shock, 
and generalized deconditioning and malnutrition.

Synonyms
Thermal injury
Late effects of burn injury
Burn contracture
Hypertrophic scarring from burns

ICD-9 Codes
906.5 Late effect of burn of eye, face, head, and neck
906.6 Late effect of burn of wrist and hand
906.7 Late effect of burn of other extremities
906.8 Late effect of burns of other specifi ed sites
906.9 Late effect of burn of unspecifi ed site
949  Burn, unspecifi ed
949.1 Erythema (fi rst degree)
949.2 Blisters, epidermal loss (second degree)
949.3 Full-thickness skin loss (third-degree NOS)
949.4  Deep necrosis of underlying tissues (deep third degree) 

without mention of loss of a body part
949.5  Deep necrosis of underlying tissues (deep third degree) 

with loss of a body part
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PHYSICAL EXAMINATION
A thorough physical examination is necessary to as-
sess the burn itself as well as the complications of the 
injury. The skin is examined for burn location, depth, 
sensation, and signs of infection. Immediately after 
injury, the sensory examination is primarily by light 
touch modality. However, after wound closure, the 
sensory examination thoroughly evaluates for neu-
ropathy of small and large fi bers. The motor examina-
tion of joints crossed by a deep partial-thickness or 
full-thickness burn should not be performed until af-
ter graft “take” is ensured, usually within a week after 
skin grafting. After skin grafting and as the skin ma-
tures, one should monitor for signs of hypertrophic 

scarring, which initially appears as erythematous, 
raised, and hardened skin. A complete neurologic ex-
amination includes an assessment of motor and sen-
sory function, refl exes, and cognition. The musculo-
skeletal examination includes assessment of joint 
range of motion and deformities. A complete cardiac 
and pulmonary examination is performed with par-
ticular attention to signs of respiratory complications 
and hypermetabolic state. Psychiatric examination 
should include a thorough screening for signs of sleep 
disturbance, depression, anxiety, and post-traumatic 
stress.

FUNCTIONAL LIMITATIONS
Functional limitations are directly related to the location 
of the burn and complications of the burn injury. Those 
with burns to the upper extremities may experience im-
pairments in activities of daily living, fi ne motor tasks, and 
occupational activities. Burns to the lower extremities may 
result in impairments in mobility and higher level exercise 
and sport activities. Another functional effect is impaired 
psychological function. Reports in the literature vary as to 
whether hand and face burns are associated with an in-
creased incidence of psychological morbidity.4,5

DIAGNOSTIC STUDIES
Fiberscopic evaluation of the airway determines the 
presence of inhalation injury. One may visualize ery-
thema, edema, ulceration, and soot deposition in the 
tracheobronchial tree in inhalation injury.

Heterotopic ossifi cation is diagnosed as early as 7 days 
after formation with a triple-phase bone scan. The aber-
rant ossifi cation is visualized by increased uptake in the 
third phase of the scan. Plain fi lms may not demonstrate 
evidence of heterotopic ossifi cation until 3 weeks.6

For patients with symptoms of nerve injury, the study of 
choice is nerve conduction study and electromyography 
for the diagnosis of neuropathy.

1°

2°

3°

4°

Hair follicle 

Sweat gland 

Epidermis 

Basal layer 

Dermis 

Fat 

Muscle

Burn 
depth

FIGURE 111-1. Diagram of skin anatomy with subdivisions by degree 
of burn.

TABLE 111-1 Burn Severity Classifi cations

Old Classifi cation New Classifi cation Appearance and Symptoms Course and Treatment

First degree (epidermis) Superfi cial thickness Erythematous; dry, mildly swollen; 
blanches with pressure; painful

Exfoliation; heals spontaneously 
in 1 week; no scarring

Second degree (dermis) Superfi cial partial 
thickness

Blistering; moist, weeping; blanches 
with pressure; painful

Reepithelialization in 7-20 days

Deep partial thickness No blisters; wet or waxy dry; variable 
color; less painful; at risk for conver-
sion to full thickness because of 
marginal blood supply

Reepithelialization in weeks to 
months; skin grafting may 
speed recovery; associated 
with scarring

Third degree (all of dermis 
and epidermis)

Full thickness White waxy to leathery gray to charred 
black; insensate to pain; does not 
blanch to pressure

Reepithelialization does not 
occur; requires skin grafting; 
associated with scarring

Fourth degree (extends to 
muscle, bone, tendon)

— Black (eschar); exposed bones, 
ligaments, tendons

May require amputation or 
extensive deep débridement
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Regular monitoring of the patient’s pain with use of 
standardized measures is recommended. The visual an-
alogue scale, numeric pain rating scale, and other in-
struments are useful in helping determine the patient’s 
pain and treatment response.

Patients who exhibit symptoms of depression, anxiety, 
or post-traumatic stress should receive a complete psy-
chiatric evaluation.

TREATMENT
Initial
Management of minor burns includes cooling with 
room-temperature water, gentle cleansing with mild 
soap and water, and coverage with a dry sterile dressing. 
Pain management and tetanus prophylaxis are impor-
tant. Topical antibiotics should be applied to nonsuper-
fi cial burns to prevent infection.

The initial management of the severely burned patient 
focuses on the ABCs: airway, breathing, and circulation. 
Aggressive fl uid resuscitation to compensate for insen-
sible water loss is a mainstay of the acute management 
of the burn patient.7 Other principles of the initial man-
agement of the burn patient include relief of ischemic 
compression (fasciotomy, escharotomy), application of 
topical antimicrobial agents, and early excision and 
grafting of open wounds. Sheridan8 provides a detailed 
review of the acute management of burn injuries.

Rehabilitation

Contractures

The use of positioning and splinting to prevent develop-
ment of contracture begins in the intensive care unit on 
admission. The goal of contracture prevention and treat-
ment is to maximize joint function. The optimal posi-
tion to minimize contracture development is depicted in 
Figure 111-2. Positioning should always be paired with 
passive or active range of motion exercises to prevent the 
development of contractures. Range of motion exercises 
can begin immediately if the patient has not undergone 
skin grafting and usually within 1 week after grafting so 
as not to interfere with graft take. Particular attention 
must be given to burns that cross joints and burns that 
result in exposed tendons. These joints are at high risk 
for contracture development and should receive empiri-
cal splinting and range of motion. Once a contracture 
develops, rehabilitation interventions such as splinting, 
positioning, range of motion exercises, and serial casting 
are employed to prevent worsening of the contracture 
and to improve the motion of the joint.9-11

Exercise

Exercise is an integral component of burn rehabilita-
tion, from the intensive care setting to the outpatient 
clinic. Passive and active range of motion exercises are 
used to prevent contracture development. Exercises 
progress to involve both strength and endurance train-
ing. After a severe burn injury, survivors are often se-
verely deconditioned, and long-term exercise training 
programs are needed for return to the premorbid level 
of functioning. Aerobic and progressive resistance train-
ing programs have been shown to be effi cacious in im-
proving strength, peak oxygen consumption, lean body 
mass, and pulmonary function in burn survivors.12

Anabolic Steroids

After severe burns, survivors often experience increased 
catabolism and loss of lean body mass. Oxandrolone, 
an anabolic steroid, has been shown in the acute hospi-
tal setting in multiple randomized controlled trials to 
increase muscle protein synthesis and weight gain and 
to decrease the length of stay. To date, this intervention 
has not been studied in a rehabilitation setting.13

Hypertrophic Scarring

Hypertrophic scarring is commonly treated with com-
pression garments. These garments are recommended 
to be worn 23 hours per day for up to 1 to 2 years after 
a burn. Compliance with this schedule is diffi cult for 
many patients. Furthermore, the effi cacy of this treat-
ment has not been established in the literature14; how-
ever, it is still considered standard of care.

Pain

Pain management after burn injury is an integral part of 
the rehabilitation program. Background pain from the 
injury itself and exacerbations of pain from intermittent 

Differential Diagnosis

None.

90°

20°

Supination

Extension/hyperextension 

Straight alignment 

No external rotation, 
no flexion 

Abduction, external rotation 

Dorsiflexion 

Straight 

FIGURE 111-2. Optimal positioning to prevent burn contractures.
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débridement dressing changes cause signifi cant discom-
fort in the burn patient. Long-acting opioid pain medi-
cations are commonly used to treat the background 
pain. Premedication with short-acting opioid analgesics 
before dressing changes is standard care.15 Pain is often 
a multifactorial experience, and therefore clinicians 
should make extended efforts to treat all possible 
contributing causes. These additional factors include 
pruritus, neuropathy, anxiety, sleep disturbance, depres-
sion, and post-traumatic stress. Additional adjunctive, 
nonpharmacologic pain treatments include massage, 
hypnosis, and distraction techniques.16

Pruritus

Pruritus is most commonly treated with antihista-
minic agents (diphenhydramine, hydroxyzine) and 
topical and oral tricyclic antidepressant (doxepin). 
Additional treatment modalities include massage and 
transcutaneous electrical nerve stimulation. Patients 
should also be encouraged to keep their burn wounds 
moisturized.17

Heterotopic Ossifi cation

Conservative treatments include positioning and 
range of motion exercises. Medications (nonsteroidal 
anti-infl ammatory drugs and bisphosphonates) and 
radiation therapy have been shown to be effi cacious 
in the prevention of heterotopic ossifi cation in other 
disease populations (spinal cord injury and hip ar-
throplasty). Studies have not examined their use in 
burn injuries.6

Psychological

Treatment of depression, post-traumatic stress, and 
sleep disorders has not been validated in the burn 
population.18 However, a large body of evidence docu-
ments the effi cacy of both pharmacologic and non-
pharmacologic treatments of these disorders in other 
populations.19-21 Treatment of the burn-injured patient 
ideally involves the collaboration of a mental health 
team that can assist in the diagnosis and treatment of 
these problems.

Procedures
None.

Surgery
In spite of aggressive rehabilitation after a burn injury, 
signifi cant contractures may develop. Surgical release of 
the contracted joint is indicated after conservative treat-
ment failure for contractures that result in signifi cant 
functional impairments.

Surgical resection of heterotopic bone is indicated if it 
results in signifi cant joint impairment despite a course 
of conservative treatment or if it results in nerve en-
trapment.

Scarring, disfi gurement, and other cosmetic concerns 
can be addressed with reconstructive surgical efforts. 
Severely burned patients may undergo multiple 
surgeries over the span of years after their burn injury. 
Planning such reconstruction priorities is a task that 
should involve multiple members of the burn 
team, including the patient and his or her family, 
physiatrist, surgeon, therapists, and mental health 
professionals.

POTENTIAL DISEASE COMPLICATIONS
Contractures
Contractures are a common and signifi cant complica-
tion of burn injury. They result in decreased joint range 
of motion and may also result in impaired joint func-
tion and disability, disfi gurement, and cosmetic and 
psychological impairments. Contractures are most com-
mon at the shoulder, elbow, and knee. Length of stay, 
inhalation injury, and extent of burn are associated with 
increased incidence and severity of contracture.22

Hypertrophic Scars
Hypertrophic scarring is common (32% to 67%) among 
those severely burned and is more prevalent among 
darker pigmented individuals.23 When it crosses a joint, 
it may result in deformities and contractures and may 
also have a psychological and cosmetic impact.6

Heterotopic Ossifi cation
Heterotopic ossifi cation occurs in approximately 1% of 
burn injuries and most frequently is located at the el-
bow. It commonly presents with a decrease in range of 
motion and may cause impairments in joint function 
and activities of daily living.

Amputation
Amputations may complicate burn injuries and are 
most commonly seen after electrical injury. Low-voltage 
(�1000 V) injuries most commonly result in amputa-
tion of the digits. High-voltage injuries frequently result 
in major amputation (10% to 50%).

Neuropathy
Mononeuropathies, mononeuropathy multiplex, and 
peripheral neuropathy have all been documented af-
ter burn injury. Risk factors for the development of 
mononeuropathy include electrical injury, days in in-
tensive care, and history of alcohol abuse. Risk factors 
for the development of a generalized peripheral neu-
ropathy include days in intensive care and the patient’s 
age.24 It is thought that the neuropathy may result 
from a combination of compressive phenomenon 
(including the burn itself, splints, and positioning) 
and the toxic and metabolic state associated with 
critical illness.

Ch111_609-614-X4007.indd 612Ch111_609-614-X4007.indd   612 3/17/08 5:43:26 PM3/17/08   5:43:26 PM



Burns 613

Thermoregulation
Full-thickness burns damage the sweat glands, present in 
the dermal layer. After skin grafting, these glands do not 
regenerate, leading to impaired sweating in involved ar-
eas. For those with larger burns, this may affect thermo-
regulation, particularly with exercise in warm climates.

Psychological Complications
Depression (16% to 53%), post-traumatic stress (11% 
to 45%), and sleep disturbances (13% to 73%) are 
common after burn injuries. Routine screening for psy-
chological complications is recommended. Mental 
health consultation is useful in diagnosis and treatment 
of these disorders. Furthermore, these issues often re-
quire long-term follow-up.

Cognitive impairments may result from anoxia associ-
ated with inhalation injury or hypoperfusion associated 
with shock. A high index of suspicion is needed for di-
agnosis and treatment of patients with mild cognitive 
impairments. Brain magnetic resonance imaging and 
neuropsychological evaluation may assist in diagnosis.

POTENTIAL TREATMENT 
COMPLICATIONS
Burn injuries crossing major joints that are not aggres-
sively treated with range of motion exercises and splint-
ing may develop clinically signifi cant contractures. Such 
contractures may result in impaired mobility and activi-
ties of daily living. Improper positioning and splinting 
may lead to compression neuropathies, most com-
monly seen at the peroneal nerve.

Medications used to treat pruritus and pain may cause 
sedation.

Psychological complications, such as depression, post-
traumatic stress, and anxiety, if they are not recognized 
and treated, may result in signifi cant functional impair-
ments, additional risk for future injury, and death.
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DEFINITION
Cardiac rehabilitation is the integrated treatment of 
individuals after cardiac events or procedures with the 
goals of maximizing physical function, promoting 
emotional adjustment, modifying cardiac risk factors, 
and addressing return to previous social roles and re-
sponsibilities. The American Heart Association esti-
mates that coronary heart disease affects 13,200,000 
people in the United States; myocardial infarction af-
fects 7,200,000, and angina pectoris affects 6,500,000.1
Cardiac diseases, the leading cause of mortality in 
both men and women, accounted for 29% of all 
deaths in 2002.2 Cardiac rehabilitation supports those 
who survive to change their lifestyle, to maximize 
their quality of life, and to decrease their risk for fu-
ture cardiac events. Clinic-based cardiac rehabilitation 
may benefi t individuals after acute coronary syn-
drome, cardiac surgery (coronary artery bypass, valve 
replacement, transplantation, ventricular reduction 
surgery), and compensated congestive heart failure. 
Those referred to cardiac rehabilitation have improved 
3-year survival after myocardial infarction; 95% of 
participants are alive versus 64% of nonparticipants, 
with 28% reduction in risk for subsequent myocardial 
infarction.3

SYMPTOMS
The individual with a recent catrdiac event or procedure 
frequently complains of decreased endurance for walk-
ing or climbing stairs, increased dyspnea during physi-
cal activity, and fatigue. If arrhythmia is present, the 
patient may feel palpitations. Chest pain may accom-
pany physical exertion or emotional stress. Pain due to 
surgical incisions of the extremities or chest wall may 
also be present. Symptoms of heart failure, such as or-
thopnea and paroxysmal nocturnal dyspnea, may also 
be present. The person may feel anxious about any type 
of physical exercise, resumption of sexual activities, and 
return to work. In many cases, the patient may com-
plain of depression.

PHYSICAL EXAMINATION
Observation of the patient should look for signs of de-
pression and anxiety. During the examination of the 
cardiac patient, the clinician should search for signs of 
complications after the cardiac event or cardiac proce-
dure. Findings of congestive heart failure, such as rales, 
peripheral edema, and elevated jugular venous disten-
tion, should be evaluated. Palpation of decreased or 
absent pulses in the extremities may suggest the com-
mon comorbidity of peripheral vascular disease. Surgi-
cal wounds, such as vascular harvest sites, arterial punc-
ture sites, and sternotomy wounds, need evaluation 
before exercise programs are prescribed. Manual muscle 
testing of the extremities provides an indication of the 
degree of skeletal muscle atrophy due to decreased 
physical activity.

FUNCTIONAL LIMITATIONS
Functional limitations due to cardiac disease alone are 
related to the workload the myocardium can sustain 
before signs of cardiac dysfunction result. The workload 
achieved before symptom onset is generally decreased. 
Overall endurance is decreased. Most patients with un-
complicated cardiac cases are able to ambulate slowly 
and to perform self-care on discharge from the hospital. 

Synonyms
None

ICD-9 Codes
410.00–410.92 Acute myocardial infarction
411.0–411.89   Other acute and subacute forms of ischemic 

heart disease
412  Old myocardial infarction
413.0–413.9  Angina pectoris
414.0–414.9  Other forms of chronic ischemic heart disease
429.2  Cardiovascular disease, unspecifi ed
V42  Cardiac valve replacement status
V42.1  Cardiac transplant status
V45.81  Aortocoronary bypass status

Ch112_615-620-X4007.indd 615Ch112_615-620-X4007.indd   615 3/17/08 5:43:49 PM3/17/08   5:43:49 PM



616 R E H A B I L I T A T I O N

This alone does not guarantee quality of life for the 
treated individual. The degree and severity of cardiac 
impairment may limit a patient’s physical progress and 
ultimate maximum level of function. Decreased endur-
ance for walking, independent living skills, physically 
demanding labor, and recreational activities is addressed 
during cardiac rehabilitation. The patient may later return 
to physically demanding activity, such as heavy labor or 
competitive singles tennis, after rehabilitation that fol-
lows uncomplicated coronary angioplasty or stenting 
without myocardial infarction. However, for the patient 
who experienced myocardial infarction complicated by 
congestive heart failure and arrhythmia, walking to a 
neighbor’s home or performing the household chores 
may be limited by dyspnea. Further compromise of 
progress is related to the common comorbidities of 
cerebrovascular disease, intrinsic lung disease, diabetes 
mellitus, and peripheral vascular disease. Impairment 
due to neurologic, rheumatologic, or orthopedic dis-
ease may require specifi c adaptations to allow condi-
tioning and strengthening exercise.

Emotional stress and an individual’s response to it may 
also produce functional limitations when return to so-
cial roles and responsibilities is considered. This may 
range from anxiety about physical exertion to major 
reactive depression. Dysfunction such as ischemia or 
arrhythmia may be produced by either physical or 
emotional demands.4-6 This is likely to be due to in-
creased sympathetic drive in the autonomic nervous 
system, which predisposes the individual to more en-
dothelial damage and cardiac arrhythmias mediated by 
catecholamines. The contribution of psychosocial stress 
has long been a part of the cardiac literature, but the 
true magnitude of effect has been shown in a large in-
ternational study. Depression accounted for approxi-
mately the same (35%) risk for myocardial infarction 
as smoking did.7 This argues strongly for a clear psy-
chological screening of patients with cardiac events. 
Patients whose depression was diagnosed and treated 
by selective serotonin reuptake inhibitors (SSRIs) with 
their initial myocardial infarction had 43% less new 
myocardial infarction and cardiac death compared with 
treatment with non-SSRIs.8 This is due to an antiplate-
let aggregation effect unrelated to aspirin or clopido-
grel bisulfate (Plavix).

DIAGNOSTIC STUDIES
The clinician should evaluate the patient’s lipid profi le 
to guide pharmacologic and dietary management of 
hyperlipidemia and hypercholesterolemia. Tight diabe-
tes control may decrease the rate of atheroma forma-
tion, and glycosylated hemoglobin (hemoglobin A1c) is 
used to ascertain the recent success of blood glucose 
control.

For the individual with dyspnea on exertion and the 
comorbidity of lung disease, pulmonary function test-
ing will clarify the contribution of obstructive or restric-
tive lung disease to the symptoms. Treatable conditions, 
such as reactive airways and hypoxia during exercise, 

should be addressed before beginning of cardiac reha-
bilitation for maximal benefi t.

A submaximal exercise test may be administered before 
or after hospital discharge for risk stratifi cation.9
This does not guide the therapeutic exercise prescription. 
Submaximal exercise testing is usually limited to 5 
metabolic equivalents (METs) for patients older than 
40 years or to 7 METs for patients 40 years or younger. 
A symptom-limited functional exercise test administered 
at 2 to 6 weeks after a cardiac event or procedure pro-
vides the best guide to exercise prescription. The specifi c 
timing of exercise testing depends on the amount of 
myocardium damage, the need for return to work, and 
the practice pattern of the clinician administering the 
test. Typical functional exercise testing documents work 
capacity and cardiopulmonary function. Treadmill test-
ing after a modifi ed Naughton, a Naughton-Balke, or a 
ramp protocol is especially well suited to guide cardiac 
rehabilitation exercise training because these protocols 
use smaller increments of workload that more accu-
rately portray functional capacity. Alternatively, bicycle 
ergometer protocols may also use smaller gradations of 
workload. These suggested protocols usually start at a 
lower level than common diagnostic protocols, such as 
the Bruce protocol, and increase fewer METs per stage. 
Bicycle ergometry should be considered for individuals 
with balance defi cits, mild neurologic impairment, or 
orthopedic limitations.

Echocardiographic, pharmacologic, or nuclear medicine 
stress exercise testing should be considered for patients 
with marked lower extremity limitations, severe debility, 
or electrocardiograms that are diffi cult to interpret. Com-
bined ventilatory gas analysis by use of a metabolic cart 
and electrocardiographic monitoring may differentiate 
cardiac versus pulmonary exercise-induced dyspnea, 
chest pain, or fatigue.

Most patients have had many electrocardiograms dur-
ing their hospital stay or evaluation. In the outpatient 
setting, electrocardiograms should be ordered if there is 
a change in clinical status, such as new symptoms (e.g., 
the resumption of angina). For the most part, patients 
are also monitored by telemetry during at least the ini-
tial part of their cardiac rehabilitation.

Patients should be screened for psychosocial stressors, 
such as anxiety and depression. Besides asking the pa-
tient about the symptoms of anxiety, anger, persistent 
sadness, excessive fatigue, and abnormal sleep architec-
ture, commonly used questionnaires that are easy to 
administer in an offi ce setting are the Beck Depression 
Inventory the and State-Trait Anxiety Inventory. Both 
take only a few minutes to complete and can be used to 
monitor the effectiveness of treatment.

TREATMENT
Initial
Cardiac rehabilitation begins with risk factor reduction. 
The initial medical management focuses on optimizing 
the cardiac medication regimen to control or to prevent 
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hypertension, ischemia, arrhythmia, hyperlipidemia, or 
other complications that follow the patient’s cardiac 
event. Concurrent with medical management, the clini-
cian prescribing cardiac rehabilitation must promote 
choices for healthy living. Each cardiac patient has 
choices about smoking, diet, exercise, and stress man-
agement.

Smoking cessation has the highest rates of success by 
combining participation in a smoking cessation support 
group with pharmacologic management of the craving 
due to nicotine addiction. Bupropion combined with 
either a nicotine patch or nicotine gum works well. Have 
the patient begin taking the bupropion hydrochloride 
(150 mg every day for the fi rst 3 days, then 150 mg twice 
daily) 1 to 2 weeks before the chosen date to quit smok-
ing and begin using the nicotine supplement at the time 
of smoking cessation. This should coincide with the fi rst 
smoking cessation support group meeting.

Dietary modifi cation has been documented to improve 
the lipid profi le. Ask the patient to keep a food diary for 
at least 3 days and refer the patient to a registered dieti-
tian for evaluation and education on appropriate dietary 
choices. The American Heart Association revised cardiac 
diet recommendations of 2006 are substantially more 
stringent on the saturated fat intake (Table 112-1).10 The 
dietitian may recommend the American Heart Associa-
tion diet, but other choices could be the Mediterranean 
diet or the lacto-ovovegetarian diet. None of these three 
diets has been shown to be superior, and the choice of 
which diet to recommend is based primarily on the pa-
tient’s ability to follow the diet.

The individual with cardiac disease often needs to 
learn tools to decrease the emotional stress of anxiety 
and depression. Patients with either of these based on 
the original screening should be treated. SSRIs treat 
both components fairly well with few side effects. A 
referral for counseling from a mental health profes-
sional can provide patients with an assortment of tools 
to learn relaxation and provides a forum for the dis-

cussion of emotional symptoms surrounding cardiac 
events in their life. Women have a higher rate of anxi-
ety and psychosomatic complaints than do men begin-
ning cardiac rehabilitation.11 In the busy clinic, the 
clinician can also teach the individual a simple stress 
reduction technique. A relaxation response docu-
mented by augmented parasympathetic activity has 
been noted during the simple exercise of paced breath-
ing. Ask the patient to pace his or her breathing, using 
a clock, for 5 to 10 minutes twice daily. The patient 
should time inhalation and exhalation equally for 3 
seconds each while avoiding air hunger or hyperventi-
lation. Once he or she performs this exercise with facil-
ity, additional relaxation can be achieved from further 
slowing of the breathing rate or prolonging the period 
of exhalation.12

Return to sexual activity should be frankly discussed 
with patients and their sexual partners to decrease their 
anxiety about sexual activity after a cardiac event.13

Sexual activity between couples with a long-standing 
relationship requires 3 to 5 METs. A simple test is the 
two-fl ight stair test.14,15 After a few minutes of level 
walking, the patient rapidly ascends and descends two 
fl ights of stairs. If this does not produce cardiac symp-
toms, sexual relations can be resumed. Extramarital sex 
causes higher energy demands.

Return to work and recreational activities should be 
based on patients’ clinical status and their previous 
work. The exercise test performance predicts the level of 
vocational work capacity. If the patient’s work capacity 
is only 3 to 4 METs or less, return to work may be unre-
alistic. Even self-care activities are likely to produce 
symptoms at this low level. With a 5 to 7 MET capacity, 
the person should be able to perform sedentary work 
and most domestic roles. If the person can exercise be-
yond 7 METs, most types of work can be performed 
without restriction, except those involving heavy physi-
cal labor. For recreational activity, the MET level 
required should be evaluated before return to play 
is recommended. The following are some common 

TABLE 112-1  American Heart Association 2006 Diet and Lifestyle Recommendations for Cardiovascular Disease 
Risk Reduction

Balance calorie intake and physical activity to achieve or maintain a healthy body weight.

Consume a diet rich in vegetables and fruits.

Choose whole-grain, high-fi ber foods.

Consume fi sh, especially oily fi sh, at least twice a week.

Limit your intake of saturated fat to �7% of energy, trans fat to �1% of energy, and cholesterol to �300 mg per day by

choosing lean meats and vegetable alternatives;

selecting fat-free (skim), 1%-fat, and low-fat dairy products; and

minimizing intake of partially hydrogenated fats.

Minimize your intake of beverages and foods with added sugars.

Choose and prepare foods with little or no salt.

If you consume alcohol, do so in moderation.

When you eat food that is prepared outside of the home, follow the American Heart Association Diet and Lifestyle Recommendations.
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recreational activities and their MET requirements: 
tennis, 4 to 7 METs; golf, 2 to 5; skiing, 7 to 18; bowling, 
4 to 5; and volleyball, 3 to 4.

Rehabilitation
If the patient is unable to begin a supervised exercise 
training program on discharge from the hospital because 
of potential complications (Table 112-2), recommend 
a self-directed walking program. The patient should 
walk primarily on level surfaces with the goal of 15 to 
30 minutes of walking at least three to fi ve times per week 
at an intensity that will allow talking. Ask patients to keep 
a walking journal and review it with them. If no signifi cant 
cardiac damage has occurred, such as after angioplasty, the 
period of convalescence may be shortened on the basis of 
the clinician’s judgment and considerations such as the 
individual’s need to return to previous pursuits.

Physical training begins at the end of the convalescence 
period ideally, based on functional exercise testing de-
scribed in the preceding discussion of diagnostic testing. 
Arguments have been made that exercise testing at this 
stage does not improve the outcome or safety of a super-
vised cardiac rehabilitation therapy program.16 Prescrip-
tion includes type, target intensity, frequency, and dura-
tion of exercise. Aerobic exercises, such as walking and 
bicycling, are the mainstay of most programs. Passive 
resistive exercises and weight training develop skeletal 
muscle mass but remain somewhat controversial for 
patients with congestive heart failure. Prescribe aerobic 
exercise intensity on the basis of heart rate, workload 
(METs), or perceived exertion (Table 112-3). The visual 

analogue Borg scale rates perceived exertion (Fig. 112-1) 
that has been shown to correlate linearly with heart rate 
and oxygen consumption.17 The frequency of exercise 
sessions is usually three to fi ve times per week.

Aerobic exercise sessions begin with a warm-up phase of 
2 to 5 minutes at a lower intensity of exercise to limber 
the joints, to open collateral circulation, and to decrease 
peripheral vascular resistance. The stimulus or condi-
tioning phase may be continuous or discontinuous, with 
the 3- to 12-month goal of at least 20 to 30 minutes of 
aerobic exercise. This may be broken down as a discon-
tinuous exercise with rest breaks between periods of 
conditioning exercise. A cool-down phase at a lower in-
tensity of exercise will prevent hypotension and, later, 
joint pain. Duration of aerobic exercise sessions depends 
on the individual’s level of fi tness. For the poorly debili-
tated patient, 3 to 5 minutes in the target range will 
provide benefi t initially. The deconditioned individual 
should be progressed during 4 to 12 weeks to this stimu-
lus duration. Electrocardiographic monitoring during 
aerobic exercise is recommended for patients with low 
ejection fraction, abnormal blood pressure response to 
exercise, ST-segment depression during low-level exer-
cise testing, or serious ventricular arrhythmia.18

Strength training or circuit training with resistance exer-
cises adds skeletal muscle strength and facilitates building 
of local muscle endurance for those with good left ven-
tricular function. This should especially be considered for 
the cardiac patient who may be returning to a physically 
demanding job. Patients who use free weights should 
begin with the lowest weight that produces a perceived 
exertion of 11 to 13 after 10 to 15 repetitions (see 
Fig. 112-1). One to three sets will build strength. This 
should involve enough different exercises to include all 
major muscle groups of the upper and lower extremities.

The clinic-based supervised exercise program typically 
lasts 1 to 3 months, with the exercise prescription up-
graded monthly. Monthly reevaluation should include 
consideration of increasing the stimulus-phase intensity 
or duration of aerobic exercise. After 2 to 3 months of a 
conditioning exercise program, the individual should 
have the ability to achieve 7 to 8 METs of sustained ex-
ercise. Once the patient has achieved this goal, repeat of 
the exercise test will show the level of improvement and 
guide the transition to a self-directed maintenance pro-
gram. The patient may choose his or her target heart rate 
or exertion level during exercise.

The benefi ts of exercise training include increased maxi-
mum oxygen uptake, increased endurance for activities of 
daily living, increased work capacity, decreased heart rate 
during exercise, decreased rate-pressure product, decreased 
fatigue, decreased dyspnea, and decreased symptoms of 
heart failure. Exercise training reduces atherogenic and 
thrombotic risk factors by managing or preventing excess 
body weight, increasing high-density lipoprotein choles-
terol, decreasing plasma triglycerides, decreasing platelet 
aggregation, and improving glucose levels. Myocardial 
perfusion may be improved by increased coronary blood 
fl ow. The progress of coronary atherosclerosis may be 
slowed or possibly reversed.19-21

TABLE 112-2  Possible Contraindications for Entry 
into Inpatient or Outpatient Exercise 
Programs

Unstable angina

Resting systolic blood pressure � 200 mm Hg

Resting diastolic blood pressure � 100 mm Hg

Orthostatic blood pressure drop or drop during exercise training 
of 20 mm Hg

Moderate to severe aortic stenosis

Acute systemic illness or fever

Uncontrolled atrial or ventricular dysrhythmias

Uncontrolled sinus tachycardia (120 beats per minute)

Uncontrolled congestive heart failure

Third-degree atrioventricular block

Active pericarditis or myocarditis

Recent embolism

Thrombophlebitis

Resting ST displacement (�3 mm)

Uncontrolled diabetes

Orthopedic problems that prohibit exercise

From American College of Sports Medicine. Guidelines for Exercise Testing 
and Prescription, 4th ed. Philadelphia, Lea & Febiger, 1991.
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Procedures
Medically stabilized cardiac patients need few proce-
dures. Thoracentesis for pulmonary effusion will greatly 
enhance physical performance. Interventional cardiol-
ogy procedures may be needed for acutely occluded 
stents, angioplasty, or grafts. For the patient with sig-
nifi cant arrhythmias, pacemaker placement or adjust-
ment may be necessary. The patient with worsening 
cardiac symptoms may need to repeat coronary angiog-
raphy or nuclear medicine stress testing if medication 
adjustment is unsuccessful.

Surgery
Surgical interventions may be needed for failed coronary 
bypass vascular grafts, infected wounds, or pseudoaneu-
rysms at arterial puncture sites. Permanent pacemaker or 
implantable defi brillators may be necessary for individu-
als with arrhythmias not controlled with medications.

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Very, very light

Very light

Fairly light

Somewhat hard

Hard

Very hard

Very, very hard

This scale is used to indicate the
self-assessed level of exertion for
the individual performing exercise.

FIGURE 112-1. Borg’s scale of perceived exertion. (Reprinted with per-
mission from Borg G. Perceived exertion as an indicator of somatic stress. 
Scand J Rehabil Med 1970;2-3:92-98.)

TABLE 112-3 Cardiac Rehabilitation Exercise Prescription

Type  Aerobic Treadmill Bicycle (circle one)

Include Strength training? Yes No (circle one)

Intensity: Based on heart rate

Target heart range

  70% to 85% of maximum heart rate if the patient is not taking �-adrenergic blockade

  85% maximum completed on treadmill if the patient is taking �-adrenergic blockade

High resting heart rate (HR), by exercise testing results (Karvonen formula):

  Target HR � resting HR � [(HRmax � HRrest) � (60 � MTmax/100)]

Intensity: Based on workload

Target 66% MET level completed on treadmill testing

Target 25 watts or 150 kpm less than completed stage on bicycle ergometer testing

Intensity: Based on perceived exertion

Borg scale target 11 to 15

Warm-up phase

Treadmill ambulation at _____ speed _____grade for _____ minutes.

Bicycle ergometry at _____ kpm/watts for _____ minutes.

Check blood pressure, pulse rate, and perceived exertion.

Advance to stimulus phase.

Stimulus phase

Treadmill ambulation at _____ speed _____ grade _____ minutes with/without rest. Repeat _____ sets.

Bicycle ergometry at _____ kpm/watts for _____ minutes with/without rest. Repeat _____ sets.

Check blood pressure, pulse rate, and perceived exertion.

Advance to cool-down phase.

Cool-down phase

Treadmill ambulation at _____ speed _____ grade for _____ minutes.

Bicycle ergometry at _____ kpm/watts for _____ minutes.

Check blood pressure, pulse rate.

Frequency 3 times per week

Duration 1 hour per visit for 12 weeks
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POTENTIAL DISEASE COMPLICATIONS
The most common cause of mortality in the United 
States is cardiac disease. Decreased exercise tolerance 
and decreased work capacity are the most common 
functional impairments. Medical complications include 
congestive heart failure, arrhythmia, repeated infarc-
tion, and possible closure of coronary artery grafts and 
stents or angioplasties. Because coronary artery disease 
is associated with generalized atherosclerotic vascular 
disease, one should be aware of possible stroke, periph-
eral vascular insuffi ciency, and other end-organ mani-
festations of compromised vascular supply. Despite re-
ferral to cardiac rehabilitation, individuals may still 
experience loss of social roles, vocational barriers, and 
diffi culty with emotional adjustment despite excellent 
physical improvement and appropriate psychosocial 
interventions.

POTENTIAL TREATMENT 
COMPLICATIONS
There is a slight risk of precipitation of a cardiac event 
during cardiac rehabilitation. In one study, the risk of a 
signifi cant cardiac event during exercise training, such 
as new infarct or death, occurred at a rate of 1/50,000 to 
1/120,000 person-hours of exercise.22 Preventing the 
enrollment of patients into cardiac rehabilitation who 
are not medically stabilized can minimize the risk. Ex-
ercise testing has relative and absolute contraindica-
tions that should be followed; these contraindications 
have been elucidated in great detail elsewhere.9 In gen-
eral, however, do not test patients with unstable angina, 
malignant cardiac arrhythmia, pericarditis, endocardi-
tis, severe left ventricular dysfunction, severe aortic ste-
nosis, or any other acute noncardiac disease.
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DEFINITION
Cancers vary widely in prognosis, natural history, man-
agement, treatment responsiveness, adverse sequelae, 
and associated physical impairments. As a consequence, 
cancer rehabilitation is not amenable to reductive 
therapeutic algorithms. Related impairments depend 
on the location and stage of cancer as well as on the 
type of antineoplastic therapy. For example, cancers of 
the head and neck may require radical neck dissection 
and subsequent irradiation. Common adverse sequelae 
include shoulder dysfunction and fi brosis of cervical 
soft tissue. In contrast, primary breast cancer treatment 
may cause myofascial pain and upper extremity swell-
ing. The reader is referred to chapters specifi c to these 
conditions and anatomic locations (e.g., scapular wing-
ing, lymphedema).

A more uniform approach can be applied to the man-
agement of cancer-related fatigue, which affects up to 
80% of patients.1 Despite inconsistencies in disease 
management and clinical course, the majority of cancer 
patients will have function-limiting fatigue during their 
illness. For many, fatigue will remain a problem after 
completion of therapy.1,2 A robust literature describes 
how unremitting fatigue undermines patients’ function 
performance and quality of life.3 A variety of signs and 
symptoms, including motor weakness, cognitive dys-
function, imbalance, exertional dyspnea, and myalgias, 
may contribute to patients’ complaints of fatigue. De-
conditioning is an important contributing factor that 
may engender and sustain fatigue. Deconditioning also 
has many potential sources: cancer-related cachexia, 
inactivity, poor nutrition, chronic steroid exposure, and 

direct effect of the cancer therapy.2 Advanced age and 
extensive medical comorbidity are important additional 
contributors.

SYMPTOMS
Before formal evaluation is undertaken, it is important to 
determine the patient’s current place on the cancer trajec-
tory, which ranges from active, curative treatment to end-
stage palliation. Obviously, all elements of the history 
and physical examination will be infl uenced by this 
knowledge. Three important distinctions must be made:
 1. Is the patient receiving active treatment?
 2. Does the patient have known cancer?
 3. Is the patient deemed curable?

The willingness and capacity of patients to engage in the 
rehabilitation process will be profoundly affected by the 
answers to these questions.

A characteristic constellation of symptoms should not be 
anticipated in patients’ reporting of cancer fatigue. As em-
phasized before, patients’ malignant neoplasms, treatment 
regimens, and disease trajectories are extremely variable. 
Cancer-related fatigue may therefore present differently, 
contingent on the unique particulars of each case. Patients’ 
word choices to describe their fatigue may be inconsistent 
and, at times, puzzling to clinicians. Any of the following 
subjective complaints should raise concern about possible 
cancer-related fatigue: weakness (generalized or proximal), 
dyspnea on exertion, orthostatic hypotension, sedation, 
hypersomnolence, exertional intolerance, or cognitive 
compromise (e.g., attention or concentration defi cits, 
short-term memory dysfunction). Patients may report the 
sensation that their legs are leaden or that they are walking 
through water. Validated self-report fatigue scales (e.g., 
Brief Fatigue Inventory, Functional Assessment of Cancer 
Treatment—Fatigue, Profi le of Mood States) can be ex-
ceedingly useful to quantify severity and to monitor treat-
ment response.4 A brief screen for depression or other 
mood disorders is essential,5 and validated screening tools 
are widely available.

Patients’ cancer histories should be collected in detail, 
including prior and ongoing radiation therapy and che-
motherapy as well as any surgical procedures. Knowledge 

Synonyms
Cancer-related fatigue syndrome
Perineoplastic dysfunction

ICD-9 Codes
357.6 Polyneuropathy due to drugs
780.79 Other malaise and fatigue
781.2 Abnormality of gait
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of each patient’s primary cancer will shift the focus to-
ward particular causes. For example, pancreatic cancer is 
more likely to produce cachexia, whereas breast and lung 
cancers are associated with a high incidence of hypercal-
cemia and neurologic compromise.3 Attention should be 
paid to whether radiation fi elds encompass thyroid, lung, 
adrenal, or cardiac tissue. If glandular or organ dysfunc-
tion is suspected, appropriate serologies and physiologic 
evaluations may be indicated. Medication use and nutri-
tional status must be carefully reviewed.

Information comparable with that solicited through a 
good pain history should be elicited for fatigue: acuity of 
fatigue onset, activity- or treatment-related precipitants, 
diurnal fl uctuation, associated symptoms (e.g., pain, nau-
sea), progressive worsening or improvement, exacerbating 
and alleviating factors, prior treatments and degree of re-
sponse, and patients’ attributional systems. Questions 
about sleep patterns, sleep hygiene, and daytime napping 
are useful. Reports suggest that frequent daytime napping 
may actually worsen fatigue.5,6

The extent to which fatigue limits vocational, avoca-
tional, and familial pursuits as well as autonomous 
mobility and self-care should be comprehensively re-
viewed. Because fatigue most commonly interferes with 
activities requiring stamina and exertional tolerance, 
changes in a patient’s comfortable walking distance, 
duration of physical activity, willingness to climb stairs, 
and the like will help characterize the impact of fatigue. 
It is important to determine whether patients have a 
premorbid history of regular physical activity on which 
rehabilitation efforts can capitalize.

PHYSICAL EXAMINATION
Special tests are rarely indicated on physical examination. 
Rather, clinicians should perform a comprehensive evalu-
ation with emphasis on musculoskeletal and neurologic 
elements. Assessment of range of motion, gait (including 
tandem), static and dynamic balance, and ability to squat 
repetitively may identify potential contributing factors 
amenable to therapy. Examination may reveal evidence of 
congestive heart failure or pulmonary compromise. Stig-
mata of hypothyroidism should be sought, particularly in 
patients with head and neck cancer. For patients without 
known cancer, the neurologic examination fi ndings 
should be normal beyond chemotherapy-related periph-
eral neuropathy. Weakness in proximal hip and shoulder 
musculature suggests steroid myopathy. Identifi cation of 
new neurologic defi cits should trigger evaluation for ma-
lignant progression or emerging treatment toxicity.4 The 
mental status examination may reveal evidence of com-
promised arousal, attention, memory, or concentration, 
particularly in patients who have received whole-brain 
radiation therapy or intrathecal chemotherapy.

FUNCTIONAL LIMITATIONS
Although fatigue is rarely so severe that it undermines 
basic mobility or performance of activities of daily living 
apart from the palliative context,7 evaluation of these 

functional domains is integral to comprehensive evalua-
tion. Severe functional compromise may be a red fl ag, 
contingent on the clinical context, that triggers evaluation 
for signifi cant comorbidity. Ambulation for moderate 
distances may produce limiting dyspnea in patients with 
cancer-related cardiac or pulmonary dysfunction. Patients 
with steroid myopathy or generalized muscle weakness 
may have diffi culty rising from low surfaces, such as a 
toilet, soft chair, or car seat. These patients may also dem-
onstrate decreased ability to independently complete 
their activities of daily living in a reasonable time frame. 
As suggested previously, many patients describe general-
ized heaviness of the limbs and global decrements in ac-
tivity level without precise functional limitations.

Dysfunction in social, vocational, psychological, and 
sexual domains may be present. Patients should be 
questioned about compromised social interactions, 
sleep, and intimacy as well as work-related and leisure 
pursuits. Many patients abandon their avocational ac-
tivities as a consequence of fatigue, with the potential 
for isolation and secondary depression. Patients with 
cognitive defi cits related to radiation therapy or chemo-
therapy may experience diffi culty in maintaining their 
vocational productivity. Financial and domestic man-
agement skills may be compromised as well.

DIAGNOSTIC STUDIES
Diagnostic tests vary with the presentation of the patient. 
Dyspnea should be assessed with pulse oximetry during 
activity, chest radiography, and electrocardiography. Pa-
tients who exhibit severe dyspnea with minimal activity 
may have pulmonary fi brosis. Defi nitive diagnosis may 
be made through computed tomographic scanning.8
Positron emission tomography may help distinguish fi -
brosis from cancer involving the lung parenchyma. Pa-
tients with cancer are at an elevated risk for venous 
thrombosis; therefore, a venous duplex study and possi-
bly a ventilation-perfusion scan should be considered for 
persistent shortness of breath. Patients who have received 
doxorubicin (Adriamycin) or trastuzumab (Herceptin) 
should be evaluated with a multigated acquisition scan 
to rule out possible chemotherapy-related cardiac toxic-
ity. Most patients will have undergone multigated acqui-
sition screening before the administration of chemo-
therapy. The results of baseline tests can be compared 
with new evaluations for evidence of deterioration. Peri-
cardial effusions may be a consequence of malignant 
spread or radiation-induced irritation or occur as a peri-
neoplastic phenomenon. An echocardiogram should be 
obtained for patients with a suggestive history and physi-
cal examination.

Serologic evaluation may include thyroid-stimulating 
hormone concentration (to screen for thyroid myopathy 
in patients who have received irradiation to the anterior 
neck), calcium concentration, electrolyte values (Addison 
disease may occur with adrenal metastases or irradiation), 
hemoglobin concentration, and hematocrit. Hypercalce-
mia or persistent mechanical pain should be evaluated 
with a bone scan or plain fi lms. Multiple myeloma and 

Ch113_621-626-X4007.indd 622Ch113_621-626-X4007.indd   622 3/17/08 5:44:09 PM3/17/08   5:44:09 PM



Cancer 623

malignant neoplasms producing lytic metastases may fail to 
generate an abnormal bone scan despite diffuse skeletal involve-
ment. Blood levels of centrally acting medications (e.g., 
tricyclic antidepressants, anticonvulsants) should be 
checked in patients who describe fatigue with a signifi cant 
cognitive dimension.

For patients with focal neurologic defi cits, imaging of 
those portions of the neural axis implicated on physical 
examination should be performed. Magnetic resonance 
images should be obtained with gadolinium. Steroids 
administered in conjunction with chemotherapy may 
be of suffi cient doses to cause myopathy. Electrodiag-
nostic studies can rule out alternative, treatable sources 
of neurologic compromise.

Patients complaining of generalized cognitive dysfunc-
tion may benefi t from neuropsychological evaluation. 
Subtle cognitive defi cits have been detected after che-
motherapy.9 Multifocal brain metastases may present 
with a global decrement in mental acuity and capacity 
to attend. Enhanced computed tomographic scanning 
of the head may be warranted when there is a high 
clinical probability of brain metastases (e.g., patients 
with melanoma and breast or lung cancers).

TREATMENT
Initial
It is important to address any endocrine, hematologic, 
metabolic, or reversible physical abnormalities before 
initiation of an exercise program. Uncontrolled pain 

mandates the initiation or modifi cation of an analgesic 
regimen. Opioid-based pharmacotherapy has emerged 
as the cornerstone of cancer pain management.10 Sec-
ondary infections related to cancer therapy–induced 
neutropenia must be treated before aerobic condition-
ing can begin. Leukopenia will resolve more rapidly 
with granulocyte colony-stimulating factor.11 The dis-
covery of disease progression may warrant initiation or 
alteration of an antineoplastic regimen or the adminis-
tration of radiation therapy. Cardiac toxicity may im-
prove after the initiation of digoxin or medications to 
reduce afterload. Anemia generally responds to therapy 
with recombinant erythropoietin with associated im-
provements in the patient’s function and quality of 
life.12 Patients with pulmonary fi brosis induced by ra-
diation therapy or chemotherapy and those who have 
undergone lobectomy or pneumonectomy may require 
supplemental oxygen during rehabilitative efforts. Nu-
tritional evaluation may be needed for cachectic or hy-
poproteinemic patients.

A psychiatric consultation may be indicated if depres-
sion emerges during evaluation. All nonessential cen-
trally acting drugs should be eliminated. Pain medica-
tions should be chosen to minimize neuropsychological 
toxicity. Among the opioids, hydromorphone, fentanyl, 
and oxycodone have fewer active metabolites than does 
morphine sulfate.13 Their use may be associated with a 
more tolerable side effect profi le in the elderly and pa-
tients with renal impairment. Pharmacologic approaches 
for cancer fatigue center predominantly around the ad-
ministration of psychostimulants.1 The utility of these 
agents is supported by studies of methylphenidate and 
pemoline.6,7

Rehabilitation
A growing body of evidence supports the use of aerobic 
and resistive exercise to treat cancer-related fatigue. In 
fact, trials of aerobic conditioning in populations of 
patients with cancer have been predominantly con-
ducted to characterize effects on fatigue. Breast cancer 
patients receiving adjuvant chemotherapy constitute the 
majority of study cohorts, although Dimeo14-16 has 
demonstrated the benefi ts of aerobic conditioning im-
mediately after bone marrow transplantation. Without 
exception, studies have shown exercise to be well toler-
ated and free of adverse sequelae irrespective of the 
cancer population studied.

Trials involving breast cancer patients in active treat-
ment reported amelioration of a range of symptoms: 
fatigue,17-23 insomnia,20 nausea,24 and emotional dis-
tress.17,20 Benefi ts are not affected by ongoing anticancer 
treatment. Exercise interventions have varied in dura-
tion, degree of supervision, intensity, and training fre-
quency. Rigorous, tightly structured programs (more 
than three exercise sessions per week at 60% to 85% 
of maximal heart rate for 6 weeks or longer) offer 
a range of benefi ts including increased relative lean 
body mass,25 maximum oxygen consumption,26 and 
strength.27 At an intensity of 50% to 60% maximum 
oxygen consumption, signifi cant benefi ts were detected 

Differential Diagnosis

Depression

Nutritional insuffi ciency

Anemia

Infection

Metabolic or endocrine abnormality (e.g., hypercalce-
mia, hypothyroidism, adrenal insuffi ciency)

Steroid myopathy

Medication side effects

Chemotherapy- or radiation therapy–induced cognitive 
dysfunction

Cachexia

Pulmonary parenchymal disease, bleomycin toxicity, 
radiation therapy–induced fi brosis

Pleural or pericardial effusion

Doxorubicin- or trastuzumab-related cardiotoxicity

Disturbed sleep-wake cycles

Neural axis compromise (e.g., brain metastasis, epidu-
ral metastasis, brachial or lumbosacral plexopathy)
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in physical and psychological well-being.15,28 An ex-
ertional threshold, below which physiologic benefi ts 
are not appreciable, may exist, yet symptom and 
mood benefi ts are still gained with low levels of regular 
exertion.

Combined aerobic and resistive training programs have 
generally demonstrated modest improvements in qual-
ity of life.27,29 None specifi cally measured fatigue. How-
ever, because signifi cant improvements in fatigue were 
achieved with a solely resistance-based program,30 it is 
reasonable to assume that a combined aerobic and re-
sistive program will improve fatigue while offering ad-
ditional fi tness benefi ts. Admittedly, the evidence base 
is tenuous.

On the basis of the extant literature, clinical recommen-
dations include interval training at 50% to 70% of the 
heart rate reserve or while working at an exertion of 11 
to 14 on the 6 to 20 perceived rate of exertion scale.8,9

The intensity of the exercise program depends on base-
line fi tness levels, intensity of cancer treatment, and 
stage of cancer treatment. While the patient is undergo-
ing treatment, most studies recommend decreasing the 
intensity to the lower end of the heart rate range. Once 
active therapy is over, the program should be progressed 
toward the higher end of the range. The intensity must 
also take into account daily laboratory values and pat-
terns of fatigue associated with treatment. For example, 
fatigue peaks within the middle and end of the radia-
tion therapy cycle, and the program should account 
for this pattern. Finally, duration and frequency 
should closely match the American College of Sports 
Medicine guidelines, which recommend that patients 
exercise for a total of 20 to 30 minutes, three to fi ve 
times per week.

Exercise precautions for cancer patients are seldom evi-
dence based. They vary signifi cantly between institu-
tions and clinicians. The following limitations are con-
servative suggestions and should not be interpreted as 
absolute exercise contraindications.10 Aerobic and resis-
tive exercise should be carefully reviewed if not discon-
tinued when platelet levels fall below 10,000/�L. Light 
exercise is allowed when hemoglobin concentration is 
less than 8 g/dL, with patients closely monitored for 
symptoms. Contact and high-impact sports should be 
avoided when platelet levels fall below 50,000/�L or in 
patients with primary or metastatic bone disease. Exer-
cise should be deferred for febrile patients with tem-
peratures above 101.5°F. Therapeutic activities should 
be restricted to indoor exercise for patients at nadir with 
an absolute neutrophil count below 500/�L.

In addition to aerobic conditioning, referral to occupa-
tional and physical therapy for training in energy con-
servation strategies, use of adaptive equipment, and 
progressive resistive exercise will benefi t appropriate 
patients. Instruction in compensatory strategies for 
mobility and performance of activities of daily living 
can optimize autonomy within the constraints im-
posed by disease. Adaptive equipment, such as canes, 
crutches, and walkers, may improve mobility; provi-
sion with adaptive devices, such as long-handled 

shoehorns and reachers, may facilitate independent 
self-care activities. Interventions for mobility and per-
formance of activities of daily living benefi t even end-
stage cancer patients.11 For these patients, education 
and empowerment of caretakers may emerge as the 
primary therapeutic focus.

Procedures
Patients with pleural or pericardial effusions will benefi t 
from percutaneous drainage of the fl uid. Pleurocentesis 
or pericardiocentesis may be required to prevent the 
reaccumulation of effusions. Percutaneous stenting pro-
cedures have become commonplace when tumor com-
pression narrows the lumen of ureters, bile ducts, bron-
chi, or blood vessels with adverse physiologic sequelae. 
When cancer pain cannot be adequately managed with 
systemic therapy or if side effects become untenable, 
neuraxial delivery may restore normal arousal, energy, 
and cognition.31 Radiation therapy may be used pallia-
tively to treat pain or to reduce tumor bulk that is com-
pressing neurologic structures.

Surgery
Cancer patients with deconditioning and fatigue may 
benefi t from surgical debulking of tumor or resection of 
isolated lung, liver, bone, or brain metastases. Fatigue, 
however, is not an independent indication for surgery. If 
focal sensory or motor defi cits result from tumor com-
pression of neural pathways, emergent resection may be 
required.

POTENTIAL DISEASE COMPLICATIONS
Patients commonly deteriorate functionally because of 
incremental morbidities as their cancers advance. Con-
sequences of malignant progression may include new 
or worsening neurologic defi cits, dyspnea, cognitive 
deterioration from intracranial metastases or radiation 
therapy–induced changes, pathologic fractures, visceral 
obstruction, and somatic pain syndromes.

POTENTIAL TREATMENT 
COMPLICATIONS
Potential complications of anticancer modalities are ex-
tensive. Radiation therapy can cause fi brosis, neurologic 
compromise, and worsening of fatigue. Chemotherapy 
can similarly exacerbate fatigue. Various chemothera-
peutic agents have the capacity to impair cognitive, re-
nal, pulmonary, cardiac, and neurologic function. The 
myriad pharmacologic agents used to manage cancer-
associated symptoms and pain can adversely affect neu-
rologic, gastrointestinal, and urinary function as well as 
exacerbate peripheral edema.

Complications associated with rehabilitative interven-
tions are few when strategies are used appropriately. 
Patients with bone-avid cancers (e.g., lung, prostate, 
breast, thyroid, multiple myeloma, and renal) are at risk 
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for pathologic fractures, particularly those with lytic 
metastases. A recent bone scan or skeletal survey should 
be reviewed before an exercise program is begun.

Cancer patients should generally be considered more 
susceptible to common exercise-induced complica-
tions. Overly aggressive aerobic conditioning or 
strengthening programs may worsen fatigue. Uncus-
tomary exertion may aggravate chemotherapeutically 
induced electrolyte and fl uid imbalances. Therapeutic 
regimens for cancer patients should be adapted and 
scrutinized accordingly.

References
 1. Portenoy RK, Itri LM. Cancer-related fatigue: guidelines for evalu-

ation and management. Oncologist 1999;4:1-10.
 2. Morrow GR, Andrews PL, Hickok JT, et al. Fatigue associated with 

cancer and its treatment. Support Care Cancer 2002;10:389-398.
 3. Morrow GR, Shelke AR, Roscoe JA, et al. Management of cancer-

related fatigue. Cancer Invest 2005;23:229-239.
 4. Schwartz AH. Validity of cancer-related fatigue instruments. 

Pharmacotherapy 2002;22:1433-1441.
 5. Barton-Burke M. Cancer-related fatigue and sleep disturbances. 

Cancer Nurs 2006;29(Suppl):72-77.
 6. Berger AM, Parker KP, Young-McCaughan S, et al. Sleep wake dis-

turbances in people with cancer and their caregivers: state of the 
science. Oncol Nurs Forum 2005;32:E98-E126.

 7. Yennurajalingam S, Bruera E. Palliative management of fatigue at 
the close of life: “it feels like my body is just worn out.” JAMA 
2007;297:295-304.

 8. Bell J, McGivern D, Bullimore J, et al. Diagnostic imaging of post-
irradiation changes in the chest. Clin Radiol 1988;39:109-119.

 9. Saykin AJ, Ahles TA, McDonald BC. Mechanisms of chemothera-
py-induced cognitive disorders: neuropsychological, pathophysi-
ological, and neuroimaging perspectives. Semin Clin Neuropsy-
chiatry 2003;8:201-216.

10. Foley KM. Treatment of cancer-related pain. J Natl Cancer Inst 
Monogr 2004;32:103-104.

 11. Clark OA, Lyman G, Castro AA, et al. Colony stimulating factors 
for chemotherapy induced febrile neutropenia. Cochrane Data-
base Syst Rev 2003;3:CD003039.

12. Cortesi E, Gascon P, Henry D, et al. Standard of care for cancer-
related anemia: improving hemoglobin levels and quality of life. 
Oncology 2005;68(Suppl 1):22-32.

13. Mercadante S. The role of morphine glucuronides in cancer pain. 
Palliat Med 1999;13:95-104.

14. Dimeo FC, Tilmann MH, Bertz H, et al. Aerobic exercise in the 
rehabilitation of cancer patients after high dose chemotherapy 
and autologous peripheral stem cell transplantation. Cancer 
1997;79:1717-1722.

15. Dimeo FC, Stieglitz RD, Novelli-Fischer U, et al. Effects of physical 
activity on the fatigue and psychologic status of cancer patients 
during chemotherapy. Cancer 1999;85:2273-2277.

16. Dimeo F, Schwartz S, Fietz T, et al. Effects of endurance training on 
the physical performance of patients with hematological malignan-
cies during chemotherapy. Support Care Cancer 2003;11:623-628.

17. Mock V, Pickett M, Ropka ME, et al. Fatigue and quality of life 
outcomes of exercise during cancer treatment. Cancer Pract 
2001;9:119-127.

18. Schwartz AL, Mori M, Gao R, et al. Exercise reduces daily fatigue 
in women with breast cancer receiving chemotherapy. Med Sci 
Sports Exerc 2001;33:718-723.

19. Schwartz AL. Exercise and weight gain in breast cancer patients 
receiving chemotherapy. Cancer Pract 2000;8:231-237.

20. Mock V, Dow KH, Meares CJ, et al. Effects of exercise on fatigue, 
physical functioning, and emotional distress during radiation 
therapy for breast cancer. Oncol Nurs Forum 1997;24:991-1000.

 21. McNeely ML, Campbell KL, Rowe BH, et al. Effects of exercise 
on breast cancer patients and survivors: a systematic review and 
meta-analysis. CMAJ 2006;175:34-41.

22. Kirshbaum MN. A review of the benefi ts of whole body ex-
ercise during and after treatment for breast cancer. J Clin Nurs 
2007;16:104-121.

23. Stricker CT, Drake D, Hoyer KA, Mock V. Evidence-based practice 
for fatigue management in adults with cancer: exercise as an inter-
vention. Oncol Nurs Forum 2004;31:963-976.

24. Winningham ML, MacVicar MG. The effect of aerobic exercise on 
patient reports of nausea. Oncol Nurs Forum 1988;15:447-450.

25. Winningham ML, MacVicar MG, Bondoc M, et al. Effect of aer-
obic exercise on body weight and composition in patients with 
breast cancer on adjuvant chemotherapy. Oncol Nurs Forum 
1989;16:683-689.

26. MacVicar MG, Winningham ML, Nickel JL. Effects of aerobic in-
terval training on cancer patients’ functional capacity. Nurs Res 
1989;38:348-351.

27. Adamsen L, Midtgaard J, Rorth M, et al. Feasibility, physical capac-
ity, and health benefi ts of a multidimensional exercise program 
for cancer patients undergoing chemotherapy. Support Care Can-
cer 2003;11:707-716.

28. Segal R, Evans W, Johnson D, et al. Structured exercise improves 
physical functioning in women with stages I and II breast 
cancer: results of a randomized controlled trial. J Clin Oncol 
2001;19:657-665.

29. Kolden GG, Strauman TJ, Ward A, et al. A pilot study of group 
exercise training (GET) for women with primary breast cancer: 
feasibility and health benefi ts. Psychooncology 2002;11:447-456.

30. Segal RJ, Reid RD, Courneya KS, et al. Resistance exercise in men 
receiving androgen deprivation therapy for prostate cancer. J Clin 
Oncol 2003;21:1653-1659.

 31. Portenoy RK. Managing pain in patients with advanced can-
cer: the role of neuraxial infusion. Oncology (Williston Park) 
1999;13(Suppl 2):7-8.

Ch113_621-626-X4007.indd 625Ch113_621-626-X4007.indd   625 3/17/08 5:44:10 PM3/17/08   5:44:10 PM



R E H A B I L I T A T I O N

Cerebral Palsy 114
Yong-Tae Lee, MD, and Patrick Brennan, MD

627

DEFINITION
Cerebral palsy is a well-known neurodevelopmental 
condition that affects children. As medicine has contin-
ued to advance, the defi nition has also been refi ned over 
the years. One of the classic and still widely used defi ni-
tions states that cerebral palsy is a clinical syndrome 
resulting from a static lesion of an immature brain that 
primarily affects movement and posture.1 In 1992, 
Mutch and colleagues,2 with further understanding of 
the development in infants with early brain damage, 
modifi ed the defi nition to say that it is “a group of non-
progressive, but often changing, motor impairment 
syndromes secondary to lesions of the brain arising in 
the early stages of development.”

In 2004, an International Workshop on Defi nition and 
Classifi cation of Cerebral Palsy proposed yet another 
defi nition that focused on the broader perspective of 
activity limitation and disability:

Cerebral palsy describes a group of disorders of the de-
velopment of movement and posture, causing activity 
limitation, that are attributed to non-progressive distur-
bances that occurred in the developing fetal or infant 
brain. The motor disorders of cerebral palsy are often 
accompanied by disturbances of sensation, cognition, 
communication, perception and/or behavior, and/or by 
a seizure disorder.3

A commonly accepted criterion for having an immature 
brain is being younger than 4 years, and therefore a 
child who sustains a static lesion (e.g., traumatic brain 
injury, meningitis) before 4 years of age meets the defi -
nition of cerebral palsy. Its range of severity is as wide as 
the list of causes associated with it.

With the improvement of neonatal care, including in-
tensive care, it was noted early on that although there 
was an increase in cerebral palsy, there was a decreased 
mortality of very-low-birthweight (�1500 g) preterm 
babies.4,5 The Surveillance of Cerebral Palsy in Europe 
reported a decrease in the frequency of cerebral palsy, 
fi nding that the prevalence of cerebral palsy in very-low-
birthweight infants and those born before 32 weeks of 
gestation decreased signifi cantly from 60.6 per 1000 to 
39.5 per 1000.4,6 However with the increasing survival 
of preterm infants, the stable rate among term infants, 
and the improved longevity, cerebral palsy overall has 
increased in prevalence. The reported incidence varies 
from 2 to 3 per 1000 live births.7,8

Neurologic classifi cation divides the syndrome into 
three types: spastic (pyramidal), dyskinetic (extrapy-
ramidal), and mixed. The spastic group can be further 
specifi ed by body region involved: monoplegia (one 
limb), diplegia (both legs affected), triplegia (three 
limbs affected), quadriplegia (all four limbs affected), 
and hemiplegia. Spastic cerebral palsy is defi ned by in-
voluntary contractions of muscles in the extremities, 
which can lead to a “scissor gait” (simultaneous adduc-
tion, knee hyperextension, and plantar fl exion of the 
lower extremities). Dyskinetic types include athetoid 
cerebral palsy, which is characterized by involuntary 
writhing movements that can be accompanied by facial 
grimacing, abnormal tongue movements, or drooling,9
and ataxic cerebral palsy, in which the primary symp-
tom is a lack of balance and coordination while stand-
ing or walking.

Although the neurologic lesion itself is nonprogressive, 
deterioration of function commonly occurs with aging 
because of muscle spasticity superimposed on growth, 
resulting in worsening of contractures and very often 
chronic joint pain. Ninety-fi ve percent of children with 
diplegia and 75% of children with quadriplegia survive 

Synonym
Little’s disease

ICD-9 Codes
343  Infantile cerebral palsy
343.0 Diplegic
343.1 Hemiplegic; congenital hemiplegia
343.2 Quadriplegic
343.3 Monoplegic
343.4 Infantile hemiplegia; infantile hemiplegia (postnatal) NOS
343.8 Other specifi ed infantile cerebral palsy
343.9 Infantile cerebral palsy, unspecifi ed
V54.8  Orthopedic aftercare: changes, check or removal of 

casts, splint (external)
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until the age of 30 years.10 Lack of basic functional skills 
(mobility and feeding) was found to be a key predictor 
of reduced life expectancy, as short as 11 years in the 
worst functioning groups.11 One study showed higher 
than expected mortality from ischemic heart disease, 
cancer, and stroke in adults with cerebral palsy.12 A lack 
of early detection and periodic health care was impli-
cated. Comprehensive care of an adult with cerebral 
palsy is complex and requires ongoing evaluation by a 
multidisciplinary team of physicians, therapists, psy-
chologists, and social workers.

Many factors may lead to cerebral palsy. It can occur in 
the prenatal, perinatal, or postnatal period.13 In pre-
term infants, it is most associated with periventricular 
leukomalacia, with or without severe periventricular 
hemorrhage or infarction.14 Other causes are perinatal 
ischemia, anoxia, perinatal infections (chorioamnio-
nitis), and iatrogenic effects of drugs (steroids) in the 
postnatal period. It has also been seen with multiple 
births and maternal or fetal thrombophilia.4,6,15 Head 
injuries or other forms of brain damage or infections 
occurring in the fi rst months or years of life can cause 
cerebral palsy as well.

SYMPTOMS
Symptoms vary widely, depending on disease severity 
and chronicity. A cross-sectional survey of 63 adult 
women aged 20 to 74 years with cerebral palsy living in 
the community revealed a high incidence of mental re-
tardation (34%), learning disabilities (26%), seizure 
(40%), pain (84%), hip and back deformities (59%), 
bowel problems (56%), bladder problems (49%), poor 
dental health (43%), and gastroesophageal refl ux 
(28%).16 Symptoms in infants range from muscle weak-
ness or lack of tone to muscle spasticity. There may also 
be developmental delays. Other symptoms may include 
drooling, speech impairment, diffi culty with bowel and 
bladder control, seizures, sleep disturbances, and hand 
tremors.

Musculoskeletal Symptoms and Pain
Pain is a common experience in children with cerebral 
palsy. It is seen more in children with moderate or se-
vere cerebral palsy and can be associated with educa-
tional and social consequences.17,18 Deterioration in 
locomotor skills in adults with cerebral palsy is associ-
ated with pain, fatigue, and lack of adapted physical 
activity.17,19 Chronic musculoskeletal pain is common 
in cerebral palsy and usually is secondary to spasticity 
or dystonia.17,20 It was noted that children with less pain 
had higher functional walking skills and that pain 
seemed to interfere with basic activities of daily living 
and even with getting out of bed.12,17

Common manifesting symptoms include neck pain (ab-
normal tonicity or movements of the neck, especially in 
athetotic cerebral palsy, can be associated with early cer-
vical spine degeneration and instability21,22); low back 
pain (anecdotally reported as a long-term consequence 

of hamstring tightness); back deformity (scoliosis is es-
pecially common in nonambulatory patients and can 
progress beyond skeletal maturity23); hip pain (hip de-
formities are common especially in the nonambulatory, 
are often present in childhood, and can result in dis-
abling osteoarthritis); knee pain (anecdotally reported 
as a long-term consequence of a crouched [bent-knee] 
gait pattern, resulting in disabling osteoarthritis at an 
early age); and loss of range of motion of lower extrem-
ity joints due to musculotendinous unit shortening or 
joint capsule contracture.

Hip subluxation leading to dislocation is a problem 
seen in spastic cerebral palsy.24 If it is untreated, it can 
lead to hip pain, pressure ulcers, lower extremity frac-
tures, coronal decompensation, and sitting problems.24

Scoliosis can be a signifi cant problem with quadriplegic 
cerebral palsy; especially at risk are those who are non-
ambulatory or confi ned to bed. This can also lead to 
coronal imbalance and sitting problems and, in severe 
cases, pulmonary complications, gastrointestinal symp-
toms, pressure ulcers, pain, and a general decline in 
function.24 In one study, there was not a signifi cant re-
lationship between hip dislocation and the rate of sco-
liosis progression. However, pelvic obliquity was seen 
much more in patients with persistent hip dislocations. 
Also, persistent hip dislocations were noted to signifi -
cantly increase the pelvic obliquity.24

Neurologic Symptoms
It is very diffi cult to base an early diagnosis of cerebral 
palsy on the neurologic examination fi ndings. A large 
prospective multicenter study compared the neurologic 
status in infants from birth to age 7 years and found 
that only 23% of the children with cerebral palsy at 
7 years had abnormal fi ndings on neurologic examina-
tion as a newborn.15,25 Prediction at 4 months was 
found to be only slightly better; 33% of the children 
diagnosed with cerebral palsy at age 7 years had abnor-
mal fi ndings on neurologic examination.15,25,26

Symptoms can include spasticity, weakness, and dete-
rioration of upper extremity function. Visual problems 
exist in 25% to 39% of adult patients, hearing defi cits 
in 18%.27,28 These symptoms commonly worsen with 
aging.29 Cognitive defi cits may be absent but can range 
from mild to profound mental retardation. Communi-
cation disorders can be severe in athetotic cerebral 
palsy; these patients are often labeled mentally re-
tarded, although the majority have normal cognition. 
Thirty percent of individuals with cerebral palsy have a 
seizure disorder, which is most common in spastic 
quadriplegia.

Manifesting symptoms of spasticity and underlying 
weakness (partially attributable to antagonist co-con-
traction of the muscles)30 consistent with an upper mo-
tor neuron lesion are common. Any worsening of base-
line spasticity should prompt an investigation into 
noxious stimuli, such as impacted bowel or other intra-
abdominal processes, urinary tract infection, and mus-
culoskeletal disorders. One thing to note is that increased 
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muscle tone causes an increase in the amount of energy 
expended by a child and can impede progress.

Functional deterioration of the upper extremity, espe-
cially in athetotic cerebral palsy, warrants consideration 
of cervical myelopathy or radiculopathy. The etiology of 
visual defi cits in adults is likely to be associated with 
cataracts, optic atrophy, or retinitis known to be present 
in children.31

Sleep
Patients with cerebral palsy are susceptible to sleep dis-
turbances. However, there is a paucity of research to 
support this observation. Causes such as muscle spasms, 
pain, and epilepsy as well as other external factors can 
lead to a disturbance in the sleep architecture.32 Blind-
ness or severe visual impairment, which can coexist 
with cerebral palsy, can also affect the maintenance of 
sleep through an effect on melatonin secretion and light 
perception.32,33 Other things, such as gastroesophageal 
refl ux disease and aspiration, can also interrupt sleep. 
One study found that the principal factor that has been 
associated with total sleep disturbance is active epilepsy. 
This was also associated with excessive daytime somno-
lence.32 Children with total body involvement (spastic 
quadriplegia and dystonic-dyskinetic cerebral palsy) 
were noted to have more sleep disorders.

Cardiopulmonary Symptoms
Symptoms include shortness of breath, irritability, and 
pallor that may compose a subtle picture of cardiac 
ischemia. Lower extremity swelling, coolness, and dis-
coloration are common in nonambulatory patients. 
Chronic gastroesophageal refl ux can be associated with 
symptoms of aspiration pneumonia.

Gastrointestinal and Nutritional Symptoms
Feeding diffi culties are common in severely neurologi-
cally impaired individuals, and the time required to 
feed patients can negatively affect the patient’s and the 
caregivers’ quality of life. Nutritional problems include 
malnutrition associated with dysphagia and obesity due 
to inactivity and overeating. Constipation, diverticula, 
and hemorrhoids are common, as are dental problems 
because of diffi culties with hygiene, spasticity of oral 
musculature, and abnormal development.30 Delayed 
gastric emptying, gastroesophageal refl ux, and constipa-
tion are commonly seen.

Some children with cerebral palsy are fed by gastros-
tomy tube. One study showed that feeding of a com-
mercial formula could lead to excess fat deposition in 
those children.34,35 Although the diet can vary per child, 
it is important to determine the optimal nutritional and 
calorie intake for these children.

Studies of swallowing have pointed to three problem 
areas: incomplete lip closure, low suction pressure, and 
prolonged delay between suction and propelling 
stage.36,37 Pathologic drooling (sialorrhea) is drooling 

in the awake state in a child older than 4 years, particu-
larly in those with moderate or severe developmental 
disability.36 These symptoms can be worsened by dental 
malocclusion, poor head control, diminished intraoral 
tactile sensitivity, and constant tongue thrusting.36 This 
condition can be very hindering, causing aspiration, 
superfi cial skin excoriation, infections around the 
mouth and chin, and dehydration as well as some psy-
chosocial issues.

Urinary Symptoms
Although uncommon in children and not well stud-
ied in adults, urinary urgency and frequency with 
small output are seen, as is a hypotonic enlarged blad-
der pattern. Urinary tract infections, refl ux, and spas-
tic, fl accid, or dyssynergic bladder should also be 
considered. Daytime urinary incontinence was the 
most common symptom in one study; the fi ndings of 
videourodynamic studies were abnormal in about 
85% of the participants.38 One study attempted to 
determine the age at development of bladder and 
bowel control and determined that children with cere-
bral palsy gained bladder and bowel control at an 
older age compared with healthy children.39

Psychosocial Symptoms
With the many symptoms associated with it, cerebral 
palsy often leads to social isolation and feelings of em-
barrassment on the part of the parent as well as the 
child.36 Depression is often associated with the social 
isolation that is a consequence of limited indepen-
dence. Pain can also be a signifi cant contributor to psy-
chological distress, including depression.

PHYSICAL EXAMINATION
The examination of a patient with cerebral palsy can 
vary, depending on the age of the patient. Important in 
any examination, especially with children of any age, is 
observation. Interactions with the environment as well 
as with people and the caregiver can give important 
clues to any disabilities or issues that may be present.40

General musculoskeletal examination of a patient with 
cerebral palsy should include range of motion testing, 
both active and passive. Consider specifi c tests, such as 
hip abduction with the knees fl exed (to test the fl exibil-
ity of the adductors) and with the knees extended 
(gracilis fl exibility); Thomas test while the patient is 
supine with the knee extended (iliopsoas fl exibility) 
and fl exed (rectus femoris)40; knee extension with hip 
fl exion (popliteal angle, to test the hamstrings); and 
ankle dorsifl exion with the knees fl exed (soleus) and 
extended (gastrocnemius).

The hips should be examined for symmetry of abduc-
tion and external and internal rotation. Common fi nd-
ings may include asymmetry (examination fi ndings 
mentioned before) and the presence of a Galeazzi sign. 
With the patient supine, the hips and knees fl exed to 
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90 degrees, and the pelvis neutral, one knee is found to 
be less prominent than the other, implying hip sublux-
ation on the less prominent side (Fig. 114-1). This 
asymmetry can lead to bone abnormalities, making the 
patient more susceptible to subluxation and disloca-
tions. It is also important to examine the spine for sco-
liosis, which can make the patient more susceptible to 
other medical problems.

Loss of knee range of motion is common. Inability to 
fully extend the knee while supine implies posterior 
joint capsule tightness, especially when the hamstrings 
are palpably slack. An increased popliteal angle com-
bined with full knee extension when supine indicates 
hamstring contracture or spasticity.

Examination of the feet is complex, and structural ab-
normalities are common, including pes planus and 
pronation with weight bearing. There are also deformi-
ties of the hindfoot with exaggerated heel valgus or 
varus.

Strength testing is important in the evaluation of a pa-
tient with cerebral palsy. Observation of the patient do-
ing specifi c tasks, such as rolling, kicking, crawling, 
walking, and other activities, can provide valuable in-
formation, such as static and dynamic balance along 
with postural control.40 Strength testing may reveal 
weakness that is partly attributable to antagonist muscle 
co-contraction.

Tone and spasticity should be evaluated to differentiate 
functional limitations as a result of contracture from 
motor control issues. Use of the modifi ed Ashworth 
scale for measurement of spasticity (see Table 150-2) 
can be helpful in the testing.

Some children will have components of persistent 
primitive refl exes, such as the asymmetric tonic neck 
refl ex. These can be seen either by passive positioning or 
by voluntary movement. Some will also have fl exion 
synergy patterns of the upper extremities. Deep tendon 
refl exes tend to be increased.

Sensation is usually not impaired; however, skin should 
be inspected for pressure ulcers, especially in the non-
ambulatory patient. This may be important for recom-
mendations of rehabilitation and modifi cations that 
may be necessary to protect the skin.

When appropriate, gait observation is also part of the 
examination of a patient with cerebral palsy. Observa-
tional gait analysis showing a difference between avail-
able (passive) and used range of motion indicates spas-
ticity or weakness and can guide therapeutic alternatives. 
Common gait abnormalities are initial contact with the 
forefoot, exaggerated knee extension moment, lack of 
full knee extension at midstance, narrow base of sup-
port with scissoring, and shortened stride length. For-
mal gait analysis can also provide more information 
and is mentioned later.

Cognitive testing, when appropriate, is helpful with 
school- or work-related problems. An initial evaluation 
by a speech-language pathologist can be helpful with the 
assessment; however, an evaluation by a neuropsycholo-
gist skilled in working with this population is essential.

Given the many impairments and problems that a pa-
tient with cerebral palsy may face, it is also important to 
assess any psychological effects the condition may cause. 
Five or more positive responses to the SIGECAPS screen 
(deterioration in sleep, interests; feelings of guilt; de-
creased energy, concentration, appetite; psychomotor 
symptoms or suicidal thoughts) are consistent with de-
pression. The presence of anhedonia (lack of pleasure) 
increases its sensitivity further.

Another consideration in assessing a patient with 
cerebral palsy is the child’s functional ability in daily 
life. The Gross Motor Function Classifi cation System 
(GMFCS) was developed to standardize the method 
for classifying the level of gross motor function in 
children with cerebral palsy with an emphasis on sit-
ting and walking.41,42 The motor functions are divided 
into fi ve levels; level I is the highest level of function 
and level V, the lowest. Each level provides a descrip-
tion of function for four different age groups. It was 
found to have a good intraclass correlation coeffi cient, 
with excellent agreement between the self-reported 
and the professional rating. Changes in the level of 
gross motor function were found to be a matter of 
choice, given that many participants would go out and 
used different methods of locomotion, or psychologi-
cal factors.42 In one study, the level of GMFCS was 
found to correlate with at least three impairments 
present in cerebral palsy, namely, learning disabilities, 
visual impairments, and epilepsy. The GMFCS can 
also be used as an indicator of total disability load.

Another classifi cation system for cerebral palsy is the 
Manual Ability Classifi cation System. It was developed FIGURE 114-1. Galeazzi sign.
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to classify how children use their hands to handle ob-
jects in daily activities. It was meant to refl ect the child’s 
typical manual performance with use of both hands 
together. This system also takes into account that a 
child’s ability to handle objects can increase with age. 
Again, it was found to have good validity and reliability 
as well as a good intraclass correlation coeffi cient be-
tween the parents and the therapist, indicating excellent 
agreement.43

FUNCTIONAL LIMITATIONS
Functional limitations correlate with the degree of se-
verity of cerebral palsy. Investigation into functional 
status should focus on mobility, self-care, and activities 
of daily living.

Of adults with cerebral palsy, 40% are nonambulatory, 
40% require assistance (e.g., walkers, orthotics, caregiv-
ers), and 20% ambulate independently; approximately 
one third of adults with cerebral palsy live at home.27

Depending on the degree of impairment, patients may 
or may not be able to work outside the home. Recre-
ational activities and hobbies may be limited by cogni-
tive and physical impairments. Impairments may affect 
intimacy and also result in social embarrassment.

One article suggested that the best approach to identify 
limitations is based on rate of motor development 
as defi ned by the motor quotient (motor quotient �
motor age/chronologic age; the motor age is deter-
mined by the best motor milestone performance).15

Hence, a motor quotient of less than 0.5 at 8 months of 
age predicts a delay in walking.15,44 This had a sensitivity 
of 87% and a specifi city of 89%. However this does not 
apply to patients who are 6 months of age or younger.

Another objective assessment found to be sensitive and 
specifi c was the assessment of a videotape of spontane-
ous general movements in the fi rst weeks and months 
of life. It was shown to be predictive of cerebral palsy at 
a point when neurologic examination was insensitive 
and a motor quotient was not helpful because of the 
limited functional motor milestones. It also helped to 
predict neuromotor functional outcome.15 In a sample 
of 84 preterm infants, abnormalities seen with general 
movements in the fi rst 16 to 20 weeks post term pre-
dicted cerebral palsy at age 2 to 3 years with a sensitivity 
of 100% and a specifi city of 92.5% to 100%.45

DIAGNOSTIC STUDIES
Musculoskeletal System
Radiographs of the symptomatic joints are indicated to 
confi rm a clinical presentation of osteoarthritis. They 
can also help with the identifi cation of any bone abnor-
malities (fractures) as well as help identify children who 
have certain risks, such as hip subluxation.46 Magnetic 
resonance imaging of the cervical spine is indicated 
when new neurologic symptoms are present, especially 
in the athetotic patient. Quantitative gait analysis is 
now a widely accepted tool for both research and teach-

ing. Its use in clinical decision-making remains contro-
versial, partly because of the cost47 (which can be as 
much as magnetic resonance imaging). However, gait 
analysis has helped in clarifying the signifi cance of fac-
tors such as skeletal misalignment that compromise 
muscle function and in determining the treatment of 
muscles that are too short versus too weak.47 It has 
proved useful in guiding surgical and rehabilitative 
treatments in pediatric patients with cerebral palsy; its 
use in adults is not widely reported.

Neurologic System
With the ease of access to head computed tomography 
and magnetic resonance imaging, several types of brain 
injury underlying cerebral palsy have been described, in-
cluding brain malformations, hypoxic-ischemic brain 
injury, focal arterial infarction, and periventricular white 
matter injury.48 Brain ultrasonography and magnetic res-
onance imaging can also detect abnormalities associated 
with the subsequent diagnosis of cerebral palsy.15 Cranial 
ultrasonography has a high correlation with the neuro-
pathologic fi ndings of hemorrhage and cystic periven-
tricular leukomalacia.15 Infants with very low birth weight 
should receive an ultrasound examination at term to de-
tect intraventricular hemorrhage, cystic periventricular 
leukomalacia, and ventricular enlargement.15 Magnetic 
resonance imaging can detect abnormalities in the basal 
ganglia and thalamus in the fi rst 2 to 8 days of life.15

Electrodiagnostic testing (e.g., electromyography and 
nerve conduction studies) is indicated in cases of new 
focal neurologic defi cits. Results of IQ testing that are 
fi ne motor dependent should be interpreted with cau-
tion because the majority of patients with cerebral palsy 
have fi ne motor defi cits.

Cardiopulmonary System
Electrocardiography and stress testing are indicated 
when cardiac dysfunction is suspected.

Gastrointestinal System
Upper gastrointestinal tract imaging and contrast studies, 
pH probe, and gastric emptying studies may be indicated 
in patients with symptoms of aspiration pneumonia.

Urinary System
Urodynamic testing can distinguish between upper mo-
tor neuron and lower motor neuron patterns of bladder 
dysfunction and thus help direct treatment.

TREATMENT
Initial
Treatment of musculoskeletal conditions, including os-
teoarthritis, is based on the specifi c diagnosis. The goal, 
however, is to preserve function and to minimize pain 
as much as possible. Traditional methods of treating 
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musculoskeletal conditions, such as the use of non-
steroidal anti-infl ammatory drugs, analgesics, and local 
icing, are all appropriate interventions in the adult pa-
tient with cerebral palsy.

The initial treatment of contracture includes relief of 
underlying spasticity with oral medications or injections 
(see Chapters 117 and 144) and application of low-load 
prolonged stretch with serial casting or dynamic splint-
ing. The use of superfi cial heat or ultrasound can be an 
important adjunct to a stretching program. Clear, func-
tional goals should be established before treatment.

Visual and hearing defi cits are managed by referral to 
the appropriate specialists.

Education of patients, family members, and caregivers 
about the rights of the disabled encourages advocacy. 
Resources including Exceptional Parent magazine and 
United Cerebral Palsy (www.ucpa.org) provide informa-
tion about employment opportunities, research, and 
treatment providers specializing in the care of patients 
with cerebral palsy.

Rehabilitation
For people affected with cerebral palsy, rehabilitation 
plays an important role in helping them regain function. 
The different services including physical therapy, occupa-
tional therapy, and speech-language pathology all play 
an important role in the overall rehabilitation of the pa-
tient. It is important to have a multidisciplinary approach 
to the rehabilitation of patients with cerebral palsy.

One important part of physical therapy is strength train-
ing, especially in attempting to improve gait. Multiple 
studies have looked at the effect of strengthening exercise 
and its effects on spasticity, showing that such exercises do 
not increase spasticity.50-52 In fact, these studies showed 
that not only were there no adverse effects but also there 
were improvements in walking speed, strength, and mo-
tor activity. Another study showed that strength training 
improved crouched gait as well as the patient’s perception 
of body image in a school-based training program.53

Therapy should be adjusted on the basis of the age of 
the individual. Observation of the patient can also give 
many important clues as to the needs of the patient.40

The frequency and duration of physical therapy should 
be individualized and based on the child’s and family’s 
needs. Physical therapy can be obtained both on an 
outpatient and an inpatient basis. Another avenue is to 
receive therapy while at school.40

Passive stretching is another technique that can be used 
in patients with cerebral palsy to help with soft tissue 
tightness. This can be done manually by the therapist or 
patient or by other external devices, such as splints, 
casts, or a tilt table.54 Superfi cial and deep heating mo-
dalities during stretch may relax tone and allow a more 
permanent elongation of the musculotendinous unit.

Bracing may also be an option for some patients. Lower 
extremity orthotics are used to address biomechanical 
limitations and joint alignment to help function.55

Examples of such orthoses are the ankle-foot orthosis 
and the dynamic ankle-foot orthosis. In patients with 
scoliosis, bracing has been shown to slow progression 
but not to prevent progressive deformity; early referral 
to an orthopedist is generally indicated.

Occupational therapy can be used to help with activities 
of daily living, such as dressing, grooming, and holding 
certain objects (ergonomic spoons).56 In adults, thera-
pies can focus more on vocational training or basic ac-
tivities, such as shopping and cooking.

Inquiries into the home environment and a home visit 
by therapists, when appropriate, can help focus interven-
tions that create the least restrictive and safest environ-
ment. Assistive devices provided with input from physi-
cal and occupational therapists are essential, and powered 
mobility should be considered for community access 
(i.e., walkers and wheelchairs for community mobility 
and for mobility of longer distances are important).

Speech-language pathologists as well as augmentative 
equipment providers are essential in assisting patients 
and their caregivers to maximize communication. Voca-
tional rehabilitation services can help patients access 
appropriate training and job placement.

When appropriate, other nonconventional adjunctive 
therapies may be considered, such as hippotherapy 
(horseback riding therapy). Effects of this therapy seem 
to improve pelvic movement, co-contraction, joint stabil-
ity, and weight shift as well as postural and equilibrium 
responses and dynamic postural stabilization.57 Some 
therapists have even used constraint-induced movement 
therapy, modifi ed to be child friendly, to improve upper 
extremity functional movement in children with hemi-
plegic cerebral palsy. There were reported increases in the 
involved limb use and quality of movement; however, it 
did not change strength, sensation, or muscle tone.58

Procedures
Many procedures may be helpful to manage pain and 
spasticity and to improve contractures. These are de-
scribed throughout this text and are based on the specifi c 

Differential Diagnosis

Many different disorders can mimic cerebral palsy. Each 
has one or more of the components that can imitate or 
be manifested like cerebral palsy. Therefore, a thorough 
workup is important before the diagnosis of cerebral 
palsy is made. A few are listed here.

Familial spastic paraparesis

Lesch-Nyhan syndrome without self-mutilation49

Mental retardation

Kernicterus

Phenylketonuria

Muscular dystrophies
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diagnosis or condition. Joint and soft tissue injections 
(e.g., trigger point injections) can be helpful in manag-
ing pain and improving function. Phenol blocks and 
botulinum toxin injections may assist in managing spas-
ticity and preventing or improving contractures in com-
bination with low-load prolonged stretch, as provided 
by serial casting or dynamic splinting. Botulinum toxin 
has also been seen to be helpful with sialorrhea, espe-
cially when it is injected into the parotid and subman-
dibular glands, which can lead to an improvement of 
quality of life.36

Surgery
Children with cerebral palsy should have regular ortho-
pedic consultations, which can help build a relation-
ship between the surgeon and the family if the need for 
surgery should arise. Physiatrists can help facilitate this 
by working closely with the therapists and the surgeons. 
Surgery may be an option for patients with advanced 
osteoarthritis that limits function or causes pain. Ar-
throplasty in early or mid adulthood has been shown to 
be benefi cial.30 Spinal stenosis due to advanced cervical 
degenerative disease warrants a referral to a neurosur-
geon in some cases.

Long-standing contractures may not respond to conser-
vative measures, and referral to an orthopedic surgeon 
for surgical lengthening or release is often necessary 
(i.e., hip fl exor, hip adductor, hamstring, and Achilles 
tendon lengthening). These procedures can help condi-
tions such as hip subluxation59 and spastic ankle equi-
nus deformity.60 Other surgical procedures include ten-
don transfers and joint fusions, which can help with 
function as well as with spasticity.61,62 A more controver-
sial procedure is selective dorsal rhizotomy for the treat-
ment of spasticity. Whereas many studies did seem to 
report improvement in spasticity and function, there 
were concerns about the long-term effects as well as the 
selection of the root tissue to be transected.63

POTENTIAL DISEASE COMPLICATIONS
The spectrum of potential disease complications is 
vast for individuals with cerebral palsy. As aging oc-
curs, it is important to try to maintain as much func-
tion as possible. Progressive weakness, spasticity, and 
contractures lead to increasing disability. Pain can 
also limit function. Cognitive changes do not typically 
occur; but if they are present, a workup is performed 
to rule out coexisting pathologic processes (e.g., de-
mentia, hydrocephalus).

POTENTIAL TREATMENT 
COMPLICATIONS
Botulinum toxin injections that are repeated more often 
than every 4 to 6 months may be associated with anti-
body production, leading to decreased effi cacy. Tran-
sient weakness of the injected muscles, malaise, and 
infl ammation at the injection site can occur. Phenol 

injection of a mixed nerve can result in painful dyses-
thesias. Overly aggressive stretching can lead to pain, 
infl ammation, and joint damage. Surgical complica-
tions are generally well known and depend on the type 
of surgery performed.
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DEFINITION
Chronic fatigue syndrome (CFS) is a debilitating condi-
tion of unknown nature and cause, but most medical 
authorities now accept its existence. CFS is characterized 
by severe disabling, medically unexplained fatigue of 
more than 6 months and prominently features subjec-
tive impairments in concentration, short-term memory, 
and sleep as well as musculoskeletal pain.1 Sufferers 
experience signifi cant disability and distress, which may 
be further exacerbated by a lack of understanding from 
others, including health professionals. CFS affects both 
adults and children.

Epidemiologic research in Western countries has dem-
onstrated that among adults, between 230 and 500 of 
every 100,000 persons are affected with CFS.2-4 Women 
have CFS more commonly,5 as do minority groups and 
people with lower educational status and educational 
attainment.2

The causes of CFS remain uncertain. CFS may start ei-
ther gradually or suddenly. In the latter case, it is often 
triggered by an infl uenza-like viral or similar illness. 
Some progress in the understanding of the disease has 
been made when causes were divided into predispos-
ing, triggering or precipitating, and perpetuating fac-
tors.6,7 Personality (neuroticism, introversion) and life-
style factors, inactivity in childhood and inactivity after 
infectious mononucleosis, and genetic infl uence are 
presumed to infl uence vulnerability in CFS. Certain 
infectious illnesses (e.g., Epstein-Barr virus infection, 

Q fever, and Lyme disease), precipitating somatic events 
(e.g., serious injuries), and psychological distress (e.g., 
serious life events) precipitate the disorder. The percep-
tions, illness attributions, and beliefs of patients may 
encourage avoidant coping and perpetuate the illness.

Among various pathophysiologic hypotheses tested, 
some evidence has emerged supporting subtle hypoac-
tivity in the hypothalamic-pituitary-adrenal axis with 
lower than normal cortisol response to increased corti-
cotropin levels8 and a hyperserotoninergic state or up-
regulated serotonin receptors in CFS.9,10 Whether these 
alterations are a cause or a consequence of CFS, however, 
remains unclear. Dysfunction in the immune system in 
CFS is inconsistently evidenced by fi ndings of abnormal 
cytokine production, mainly concentrating on proin-
fl ammatory ones that are known to be involved in the 
regulation of the hypothalamic-pituitary-adrenal axis 
and sympathetic nervous system, such as tumor necrosis 
factor, interleukin-1, and interleukin-6.11 On the tissue 
level, cytokines such as interleukin-6 are involved in the 
stress response and represent crucial inducers of sickness 
behavior,12 which is characterized by avoidance behav-
ior, apathy, sleepiness, impaired memory and concentra-
tion, anorexia, mild fever, and increased sensitivity to 
pain. No convincing evidence exists to support CFS as a 
continuing viral infection. Perturbed natural killer cells 
thereby could induce a TH2-type instead of a TH1-type
antiviral response, resulting in persistent viral activa-
tion.11 Functional magnetic resonance imaging studies 
in patients with CFS revealed fi ndings indicative of in-
creased neuronal resource allocation13 or dysfunctional 
motor planning,14 which seems to be consistent with 
cognitive impairment in these patients.

SYMPTOMS
Patients with CFS typically present with a variety of 
symptoms that may widely overlap with symptoms of 
functional somatic syndromes, including the irritable 
bowel syndrome, fi bromyalgia, multiple chemical sensi-
tivity, chronic pelvic pain, temporomandibular joint 
dysfunction, and Gulf War illness.11

Patients experience profound, overwhelming exhaus-
tion, both mentally and physically, which is worsened 

Synonyms
Chronic fatigue and immune dysfunction syndrome
Myalgic encephalomyelitis
Neurasthenia
Post-viral fatigue syndrome
Iceland disease
Royal Free disease
Yuppie fl u

ICD-9 Code
780.71 Chronic fatigue syndrome
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by exertion and is not or not completely relieved by 
rest.15 Fatigue is highly subjective, multidimensional, 
and variable in nature, and it does not necessarily need 
to be the major and most debilitating symptom in this 
condition.1 Patients may express their complaints of 
fatigue in different ways. Patients’ expectations and 
causal attribution of symptoms to somatic factors, hid-
den agenda involving insurance issues, and invalidity of 
benefi t claims have been related to an increase in symp-
toms and may contribute to a diversity of symptoms 
reported.7

In addition to fatigue, patients with CFS usually com-
plain about a wide variety of multisystem symptoms 
that are nonspecifi c and variable in both nature and 
severity over time. These concomitant symptoms may 
be just as prominent as fatigue and are best summarized 
in different categories.15,16

 ● Complaints of cognitive dysfunction. CFS pa-
tients may experience forgetfulness, confusion, 
diffi culties in thinking, and “mental fatigue” or 
“brain fog.”

 ● Postexertional malaise. Patients report a period of 
deep fatigue and exhaustion that lasts for more 
than 24 hours after physical exertion.

 ● Complaints of pain. These include headaches of a 
new type, pattern, or severity; muscle pain; and 
multijoint pain. Patients may further report pain 
in bones, eyes, and testicles; abdominal and chest 
pain; chills; and painful skin sensitivity.

 ● Unrefreshing sleep and rest is a hallmark of CFS, 
and insomnia is also common. Patients report 
more diffi culty in falling asleep, more interrupted 
sleep, and more daytime napping. It is extremely 
diffi cult for many patients to maintain a sleep 
schedule. Patients report that exercise, unlike in 
healthy persons, worsens the insomnia and unre-
freshing sleep symptoms alike.

 ● Psychological complaints of emotional lability, 
anxiety, depressive mood, irritability, and some-
times a curious emotional “fl attening” most likely 
due to exhaustion may be reported by CFS pa-
tients. CFS patients with preexisting psychiatric 
symptoms may report that these worsen with the 
onset of CFS. Treatment of psychiatric symptoms 
alone does not relieve the physical symptoms of 
CFS, indicating that the disease is not psychologi-
cal in nature.

 ● Other frequently reported complaints refer to gen-
eral hypersensitivity and poor temperature control; 
these include low-grade fevers, photophobia, ver-
tigo, nausea, allergies, hot fl ashes, and rashes.17,18

PHYSICAL EXAMINATION
The physical examination is directed toward determina-
tion of whether symptoms are caused by any other dis-
ease or illness. The fi ndings of the general medical and 
neurologic examinations should be normal. There may 
be low-grade fever with temperatures between 37.5°C 
and 38.5°C orally, nonexudative pharyngitis, and tender 

cervical or axillary lymph nodes up to 2 cm in diameter. 
A mild hypotension, elicited mainly with tilt-table test-
ing and reversed by mineralocorticoids, may be ob-
served. In some patients, orthostatic hypotension with 
wide swings in blood pressure resulting in syncope as 
well as intermittent hypertension may be found.19 Com-
plaints of paresthesias usually prove to be odd on sen-
sory testing, particularly numbness in the bones or 
muscles or fl uctuating patches of numbness or paresthe-
sias on the chest, face, or nose. A few patients report 
blurred or “close to” double vision. In neither case are 
there physical fi ndings to corroborate the sensory experi-
ences.19 Unsteadiness on standing with closed eyes may 
be found.

A thorough mental status examination is performed to 
rule out any exclusionary psychiatric disorders. The psy-
chological examination may reveal abnormalities in 
mood, intellectual function, memory, concentration, 
and personality. Particular attention should be paid to 
anxiety, self-destructive thoughts, and observable signs 
such as psychomotor retardation.1

The musculoskeletal examination fi ndings should be 
normal. In CFS patients with arthralgia and myalgia, 
joint swelling and infl ammation and other superim-
posed pain generators, such as bursitis, tendinitis, and 
radiculopathy, have to be ruled out. Palpatory examina-
tion of muscles may reveal tender muscles, tender 
points that are not numerous enough to be classifi ed as 
fi bromyalgia, and individual trigger points.

FUNCTIONAL LIMITATIONS
Disablement varies widely among patients with CFS. 
Whereas some are able to lead a relatively normal 
life, others are totally bed bound and unable to care 
for themselves. In a rehabilitative assessment, body 
functions that represent the patient’s core subjective 
symptoms may reveal the most pronounced impair-
ment; these are energy and drive functions, sensation 
of pain, sleep functions, attention function, emotional 
functions, memory functions, and exercise tolerance 
functions. Both muscle and cardiopulmonary function 
as demonstrated by cardiopulmonary stress testing 
may be reduced in these patients. Avoidance behavior 
as a consequence of patients’ experiencing worsening 
of symptoms after previously well-tolerated levels of 
exercise and kinesiophobia—a specifi c kind of fear-
avoidance behavior that is defi ned as an excessive, ir-
rational, and debilitating fear of physical movement 
and activity resulting from a feeling of vulnerability to 
painful injury or reinjury—may increase sedentariness 
in CFS patients. However, kinesiophobia was not cor-
related with reduced exercise capacity by bicycle er-
gometer exercise stress testing.20

CFS patients may be able to begin but not to complete 
mental or physical activities that were previously easily 
accomplished. Thus, tasks that predominantly chal-
lenge the cognitive performance, like focusing atten-
tion, solving problems, handling stress, making deci-
sions, undertaking multiple tasks, or driving a car, may 
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limit patients in carrying out their daily routine, espe-
cially at the workplace. Tasks that require predomi-
nantly physical performance, like walking or household 
tasks, may limit the patient’s activities of daily life. 
Many patients have to modify or give up physical hob-
bies and exercise and fi nd themselves unable to work 
full-time or at all.16 Categories related to intimate rela-
tionships, family relationships, communication, and 
complex interpersonal relationships may be altered in 
CFS patients, thereby restricting them from participa-
tion in social and work life.

Cognitive avoidance coping as a major illness-
perpetuating factor was found negatively related to 
social functioning,21 and a strong association seems 
to exist between kinesiophobia and self-reported activ-
ity limitations and participation restrictions in CFS 
patients.20 In addition to environmental factors related 
to the immediate family and friends, health profes-
sionals may reinforce patients’ symptom severity and 
illness behavior and facilitate further impaired func-
tioning in these patients. Personal beliefs, practices, 
ideologies, spirituality, laws, and societal norms may 
also facilitate or hinder functioning in CFS patients. A 
considerable number of patients with CFS in many 
countries are receiving disability benefi ts or private 
insurance or have made claims and been denied.22

DIAGNOSTIC STUDIES
There are no accepted pathognomonic signs of or diag-
nostic tests for CFS. Diagnosis of CFS is primarily based 
on the patient’s symptoms that fi t scientifi c case defi ni-
tions of CFS, which aim to effectively distinguish CFS 
from other types of unexplained fatigue. Among numer-
ous scientifi c case defi nitions available, the U.S. Centers 
for Disease Control and Prevention criteria are the most 
widely supported.1 This case defi nition characterizes 
CFS by a grouping of nonspecifi c symptoms and a diag-
nosis of exclusion (Table 115-1). To receive a diagnosis 
of CFS, fatigue must have persisted or recurred during 6 
or more consecutive months. Concomitant symptoms 
must have persisted or recurred during 6 or more con-
secutive months of illness and cannot have predated the 
fatigue.15 Clinicians may have diffi culties in diagnosis 
of CFS, especially by not acknowledging the diagnosis 
of fatigue when its onset is gradual or by the diversity of 
patients’ fatigue reports. Instruments developed to as-
sess fatigue, like the Checklist Individual Strength, the 
Chalder Fatigue Scale, and the Krupp Fatigue Severity 
Scale, are widely used in research studies and may assist 
physicians with objectivation of fatigue and establish-
ment of the medical diagnosis.

Fatigue and similar symptoms can be caused by a wide 
variety of conditions. Thus, diagnosis of CFS needs to 
include a diagnostic process that eliminates potential 
causes of the patient’s symptoms (see the section on dif-
ferential diagnosis). In addition to a thorough history 
and a meticulous physical examination, diagnostic stud-
ies include a mental status examination and a mini-
mum array of laboratory tests.

A structural psychiatric interview is essential to identify 
permanent psychiatric exclusions (see Table 115-1 and 
the section on differential diagnosis). Reliable detection 
instruments may be helpful when physicians perform 
screening for psychiatric diagnoses. Instruments recom-
mended are the Composite International Diagnostic 
Interview23 and the Structured Clinical Interview for 
DSM-IV Axis I (SCID).24

Laboratory examination is intended to detect other dis-
orders, not to fi nd out whether a patient has CFS. Rec-
ommendations for laboratory testing have been pro-
vided (Table 115-2).

Questionnaires like the Epworth Sleepiness Scale and the 
Centre for Sleep and Chronobiology Sleep Assessment 
Questionnaire are useful to screen for and to profi le sleep 
abnormalities.25 Polysomnography defi nes sleep architec-
ture, duration and timing of sleep, respiratory obstruction, 
and abnormal limb movements and may be indicated 
when primary sleep disorders exclusionary to CFS, such as 
sleep apnea and narcolepsy, have to be ruled out.

Assessment of a patient’s functioning and health accord-
ing to the International Classifi cation of Functioning, 
Disability, and Health (ICF)26 would further complete 
the diagnostic studies in patients with CFS. The classifi ca-
tion might be recommended, but compared with other 

TABLE 115-1  Case Defi nition (1994) for Chronic 
Fatigue Syndrome from U.S. Centers 
for Disease Control and Prevention

Characterized by persistent or relapsing unexplained 
chronic fatigue

Fatigue lasts for at least 6 months

Fatigue is of new or defi nite onset

Fatigue is not the result of an organic disease or of continuing 
exertion

Fatigue is not alleviated by rest

Fatigue results in a substantial reduction in previous occupational, 
educational, social, and personal activities

Four or more of the following symptoms, concurrently present 
for � 6 months: impaired memory or concentration, sore 
throat, tender cervical or axillary lymph nodes, muscle pain, 
pain in several joints, new headaches, unrefreshing sleep, or 
malaise after exertion

Exclusion criteria

Medical condition explaining fatigue

Major depressive disorder (psychotic features) or bipolar disorder

Schizophrenia, dementia, or delusional disorder

Anorexia nervosa, bulimia nervosa

Alcohol or substance abuse

Severe obesity

Modifi ed from Fukuda K, Straus SE, Hickie I, et al; International Chronic Fatigue 
Syndrome Study Group. The chronic fatigue syndrome: a comprehensive 
approach to its defi nition and study. Ann Intern Med 1994;121:953-959; 
and Prins JB, van der Meer JW, Bleijenberg G. Chronic fatigue syndrome. 
Lancet 2006;367:346-355.
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chronic conditions like osteoarthritis and back pain, ICF 
core sets that best describe the prototypical spectrum of 
disability have not yet been developed for CFS.27,28 Fur-
thermore, ICF core sets have to be psychometrically vali-
dated after they have been developed. This can be best 
accomplished by item response theory–based computer-
ized adaptive testing, a method selecting only those items 
out of the item pool that are most relevant for the indi-
vidual patient.29,30 For the time being, instruments that 
have been recommended in a consensus conference may 
be used to measure the symptom-specifi c disablement 
and quality of life of patients with CFS.15

TABLE 115-2  Laboratory Tests Recommended 
for the Exclusion of Diseases That 
May Cause Chronic Fatigue

Complete blood count with differential cell count

Blood and serum chemistries (serum electrolytes, blood urea 
nitrogen, glucose, creatinine, calcium)

Erythrocyte sedimentation rate

Urinalysis

Thyroid function studies

Antinuclear antibodies

Serum cortisol

Immunoglobulin levels

Rheumatoid factor

Tuberculin skin test

Human immunodefi ciency virus serology

Lyme serology (when endemic)

Magnetic resonance imaging of head (to rule out multiple sclerosis)

Polysomnography (to rule out sleep disorder)

Optional tests to be used when clinically indicated

Quantifi cation of natural killer cells

Quantifi cation of B- and T-cell subsets

Functional elevation of natural killer cells

T-cell response to mitogenic stimulation

Measurements of delayed hypersensitivity

Production of and response to cytokines

Enzyme-linked immunosorbent assay/activated cell test

Serologic tests for Candida albicans

RNase L enzymatic activity assay or RNase L protein quantifi cation

Spinal tap for oligoclonal bands

Tilt table

Catecholamine testing

Nerve conduction studies including electromyography

Anti–acetylcholine receptor antibodies

Vitamin B12 defi ciency

Circulating immune complexes including CD3 and CD4

Viral serologies

Modifi ed from Craig T, Kakumanu S. Chronic fatigue syndrome: evaluation 
and treatment. Am Fam Physician 2002;65:1083-1090; and Wikipedia 
2007/results from an NIH consensus conference.

Differential Diagnosis

Patients may present with apparently unexplained 
fatigue with these medical conditions, which are 
exclusionary or differential diagnoses for CFS.31,32

Blood
 Anemia
 Hemochromatosis
Infections
 Chronic Epstein-Barr virus infection
 Infl uenza
 Hepatitis
 Human immunodefi ciency virus infection
 Lyme disease
 Occult abscess
 Poliomyelitis, post-poliomyelitis syndrome
 Tuberculosis
 Bacterial endocarditis
 Chronic brucellosis
Parasitic infections
Fungal infections
Autoimmune disease
 Behçet syndrome
 Dermatomyositis
 Lupus erythematosus
 Polyarteritis
 Polymyositis
 Reiter syndrome
 Rheumatoid arthritis
 Sjögren syndrome
 Vasculitis
Liver disease
Chronic heart disease
Chronic lung disease
Metabolic and toxic conditions
Endocrine disease
 Diabetes mellitus
 Hyperthyroidism and hypothyroidism
 Addison disease
 Cushing syndrome
 Panhypopituitarism
Ovarian failure
Malignant neoplasms
Neuromuscular disorders
 Fibromyalgia
 Multiple sclerosis
 Parkinson disease
 Myasthenia gravis
 Head injuries
Sleep disorders
  Obstructive sleep syndromes (sleep apnea, 

narcolepsy)
Psychiatric
 Bipolar affective disorders
 Schizophrenia of any subtype
 Delusional disorders of any subtype
 Dementias of any subtype
  Organic brain disorders and alcohol or sub-

stance abuse within 2 years before onset of the 
fatiguing illness
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TREATMENT
Initial
Treatment of CFS is symptom based and aims to im-
prove fatigue and comorbid conditions, such as sleep 
disturbances, depression, and painful symptoms.

Treatment of CFS with pharmacologic therapies has 
had disappointing results in most cases. So far, no 
pharmacologic treatments have been proved effective 
in the treatment of fatigue. The subtle changes found in 
the hypothalamic-pituitary-adrenal axis have led to a 
few randomized controlled trials that overall did not 
establish steroids as a treatment of choice.33 For immu-
nologic therapies like immunoglobulin G, staphylo-
coccus toxoid, ribonucleic acid, and others, there is in-
suffi cient evidence about the effectiveness of these 
therapies in CFS. 33

Anecdotal evidence suggests that low doses of antide-
pressant medication (e.g., 10 to 30 mg of nortripty-
line) administered at bedtime improve sleep and 
diminish pain, although the benefi t of these medica-
tions has not been demonstrated in CFS.33,34 In addi-
tion, the use of acetaminophen, nonsteroidal anti-
infl ammatory drugs, and opioids may be worthwhile 
in patients with prominent musculoskeletal com-
plaints or headaches.

Complementary medicine has gained increasing popu-
larity among patients with chronic diseases. These treat-
ments include homeopathy, herbal remedies, supple-
ments, megavitamins, special diets, and energy healing. 
Although individual studies revealed benefi cial effects 
for homeopathy and supplements in the treatment of 
CFS, there is insuffi cient evidence for the effectiveness 
of these interventions.33

Rehabilitation
Management based on a rehabilitation model is now 
recommended for patients with CFS. The individual re-
habilitative assessment is necessary to identify those 
treatment targets that are most likely to reach the reha-
bilitation aims of the patient with CFS. These rehabilita-
tion programs may involve different professions and 
therapies, and increasing evidence for the effectiveness of 
individual rehabilitation interventions has emerged.33-36

Cognitive-behavioral therapy for CFS addresses chang-
ing of condition-related cognitions and behaviors and 
incorporates two elements: (1) a cognitive element 
focusing on the modifi cation of thoughts and beliefs 
thought relevant for the disease process and (2) a 

behavioral element consisting of a graded increase 
of activity. Several systematic reviews suggest that 
cognitive-behavioral therapy for adults with CFS is 
an effective treatment in improving both physical 
functioning and symptoms such as fatigue, anxiety, 
and mood compared with either routine care or relax-
ation therapy.33-35 Furthermore, one study provided 
evidence supporting the effectiveness of cognitive-
behavioral therapy in children and adolescents.37 In 
this study, cognitive-behavioral therapy was associ-
ated with a signifi cant positive effect on fatigue, symp-
toms, physical functioning, and school attendance.

Graded exercise addresses deconditioning and is de-
signed to overcome deconditioning and to increase 
strength and cardiovascular health. Cycle ergometer 
training, swimming, or walking may be varied accord-
ing to the patients’ preferences. Graded exercise has no 
intentions of explicitly treating cognitions but should 
incorporate considerable education wherein the suf-
ferer learns to start at an appropriate level of activity 
(based on intensity and duration) that is incremen-
tally increased, at a rate that does not substantially 
increase symptoms. If severe fatigue follows exercise, 
lasting more than 24 hours, the exercise prescription is 
adjusted so it is less demanding; there are no specifi c 
and fi rm guidelines because of the wide spectrum 
found in this syndrome. Overall results from system-
atic reviews suggest that graded aerobic exercise ther-
apy, at intensities between 40% and 70% maximum 
oxygen consumption performed three to fi ve times per 
week for 30 minutes, is a promising intervention with 
positive effects on CFS patients’ symptoms and quality 
of life.33,36 A few patients may fi nd health benefi ts and 
pain relief from other than aerobic exercises, like gen-
tle stretching and gentle strengthening including yoga 
or Tai Chi.

Education of the individual as to what is known and 
not known about CFS, its impact on function at work 
and home, and its prognosis should be included in 
the rehabilitation programs. Patients’ education in 
self-management strategies that consider when, how, 
and why people change their behavior over time 
(transtheoretical model)38 is of utmost importance in 
modern rehabilitation. The transtheoretical model 
describes a “meta” model and critically incorporates 
aspects of other models into its theoretical frame-
work. These are self-initiated and professionally facili-
tated changes in health beliefs, behavioral intentions, 
decision-making processes, self-effi cacy, and coping to 
overcome the temptations component of the trans-
theoretical model.

Patients are better prepared for coping on a daily basis, 
have more realistic expectations, and think that the 
physician is not ignoring their concerns. In addition, 
when appropriate, the individual should be informed 
that periodic reassessment for a possible treatable un-
derlying process may ensue. This may help relieve 
anxiety about abandonment. Avoidance of heavy meals, 
alcohol, caffeine, and total rest can help, as can mini-
mizing intake of substances that alter sleep patterns or 
alter one’s self-image.39

Other
 Pharmacologic side effects
 Alcohol and substance abuse
  Body weight fl uctuation (severe obesity or 

marked weight loss)
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Procedures
Treatment is symptomatic; therefore, procedures may be 
chosen to help with trigger points, dizziness, headache, 
or other symptoms as they occur. If trigger points are 
noted, appropriate therapy may be initiated. Spray and 
stretch techniques, dry needling, and trigger point injec-
tion with a local anesthetic or small amount of steroid 
have all met with some success.40

Acupuncture is an important constituent of traditional 
Chinese medicine. It is believed in traditional Chinese 
medicine that acupuncture can strengthen the vital es-
sence of the human body and remove the blockage in 
channels. The application of acupuncture for CFS is 
mainly empirically based; a few Chinese clinical trials 
that included a control group have reported benefi cial 
effects with success rates ranging from 88% to 94%.41

Surgery
No specifi c surgery is performed for CFS.

POTENTIAL DISEASE COMPLICATIONS
Recovery without treatment is rare, with a median re-
covery rate of 5% and improvement rate of 39.5%.5
Recovery episodes seem more likely in patients with 
less severe fatigue and if patients do not attribute the 
illness to physical causes.5 The primary complication of 
the disease is continued fatigue and loss of function, 
which commonly occur despite treatment. Predictors 
of poor treatment outcome were membership in a self-
help group, receipt of a sickness benefi t, claiming of a 
disability-related benefi t, low sense of control, strong 
focus on symptoms, and pervasively passive activity 
pattern.7

Both reduced functioning and sedentariness may in-
crease the progress or severity of chronic diseases of the 
cardiovascular and metabolic system, thereby further 
increasing the disablement of patients with CFS.

POTENTIAL TREATMENT 
COMPLICATIONS
Physicians who convey understanding and compas-
sion to patients, despite the lack of a known “cure,” 
can alter a patient’s quality of life; fear, or the percep-
tion of being abandoned, can markedly accentuate 
frustration and accelerate a decline in function. Med-
ication side effects should be reviewed on an inter-
mittent basis to be certain that the nonspecifi c symp-
toms found in CFS are not being accentuated. Care 
should be taken to avoid too strenuous an exercise 
program because the fatigue that may ensue can be 
both physically and mentally debilitating. Despite 
optimal care, depression, fatigue, and a loss of func-
tion may still occur. Physicians and patients should 
both be aware that symptoms found in CFS may per-
sist for months or years but that remittance or recov-
ery is still possible.
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DEFINITION
Chronic kidney disease (CKD) is defi ned as a clinical 
syndrome characterized by a progressive decline in kid-
ney function such that the kidney’s ability to adequately 
excrete waste products and to contribute to the con-
stancy of the body’s homeostatic functions becomes 
progressively impaired. CKD at its mildest stage is 
asymptomatic; at its most severe stage, it is characterized 
by uremia. End-stage kidney failure denotes CKD that 
necessitates kidney replacement therapy (dialysis or 
transplantation). The National Kidney Foundation has 
developed a consensus defi nition of CKD that has been 
widely accepted. CKD is defi ned as an absolute reduc-
tion in glomerular fi ltration rate (GFR) to below 
60 mL/min/1.73 m2 for 3 months or more, with or with-
out other evidence of kidney damage; or the presence of 
kidney damage for 3 months or more, as evidenced by 
structural or functional abnormalities of the kidney, 
with or without reduction in GFR. Kidney damage can 
be manifested by pathologic changes on kidney biopsy 
specimens, abnormalities in the composition of the 
blood or urine (such as proteinuria or changes in the 
urine sediment examination), or abnormalities in imag-
ing tests. This defi nition of CKD does leave unaddressed 
the signifi cance of a reduced GFR below 60 mL/min/
1.73 m2 in certain subgroups, such as the elderly, the 

undernourished, and those of specifi c ethnic groups. For 
example, elderly individuals with reduced GFR may 
never develop end-stage renal disease. However, the clas-
sifi cation serves as a useful starting point in evaluation 
of a patient with depressed GFR and provides an impe-
tus either to refer the patient to a nephrologist for further 
workup or to identify a patient at higher risk for develop-
ment of kidney disease.

CKD is classifi ed into fi ve stages, depicted in Table 116-1. 
Each stage has a corresponding level of GFR. Patients 
with stage V CKD have advanced kidney disease; this 
includes patients receiving dialysis and those with a 
kidney transplant. Approximately 98% of patients be-
ginning dialysis for CKD in the United States have an 
estimated GFR of less than 15 mL • min�1 per 1.73 m2.
Nevertheless, this defi nition is not synonymous with 
end-stage kidney failure defi ned earlier. In essence, 
end-stage renal disease (ESRD) is an administrative 
term in the United States signifying eligibility for 
coverage by Medicare for payment for dialysis and 
transplantation.

The incidence of kidney failure in the United States is 
approximately 268 cases per 1 million population per 
year.1 However, the incidence of CKD is greater among 
black Americans (829 per million population per year, 
compared with 199 per million population per year 
among white Americans). The major causes of CKD in 
the United States are diabetes mellitus (40%), hyperten-
sion (30%), glomerular disease (15%), polycystic kid-
ney disease, and obstructive uropathy (Table 116-2).1
Elsewhere in the world, where the incidence of diabetes 
mellitus has not reached epidemic proportions (e.g., in 
Europe and parts of the developing world), chronic glo-
merulonephritis (20%) and chronic refl ux nephropathy 
(25%) are the most common causes of CKD. The pro-
gressive decline in kidney function in individuals with 
CKD is variable and depends on both the cause of the 
underlying insult and patient-specifi c factors. Further-
more, evidence also points to the importance of several 
factors in modulation of kidney disease progression. 
These include proteinuria, the presence of systemic hy-
pertension, age, gender, genetic factors, and smoking.2

At an early stage, insidious effects on target organs may 
be manifested. For example, patients may have mild to 

Synonyms
Chronic kidney disease
Chronic kidney failure
Pre-ESRD

ICD-9 Codes
585  Chronic kidney disease
585.1 Chronic kidney disease, stage I
585.2 Chronic kidney disease, stage II (mild)
585.3 Chronic kidney disease, stage III (moderate)
585.4 Chronic kidney disease, stage IV (severe)
585.5 Chronic kidney disease, stage V
585.6 End-stage renal disease
586  Chronic kidney disease (unspecifi ed)
593.9 Unspecifi ed disorder of kidney and ureter
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moderate hypertension, mild anemia, left ventricular 
hypertrophy, and subtle changes in bone structure due 
to kidney osteodystrophy. It is imperative to investigate 
the abnormal kidney function and to refer the patient to 
a nephrologist. As kidney function gradually declines 
further, with the GFR reaching 10 to 30 mL/min, hyper-
tension is usually present and subtle biochemical and 
hematologic abnormalities may become evident, such 
as mild hyperkalemia, mild hypobicarbonatemia (from 
uremic acidosis), and anemia of chronic disease.3

As kidney dysfunction becomes severe (GFR in the 
range of 10 to 15 mL/min), the syndrome of uremia is 
invariably present. Uremia refl ects the accumulation of 
metabolic toxins, some characterized and others un-
known, that infl uences the functioning of a variety of 
organ systems. In this late stage, the need for kidney 

replacement therapy is imminent, and dialysis or trans-
plantation is required to sustain life. The indications 
for initiation of kidney replacement therapy include 
severe refractory abnormalities in biochemistry (severe 
hyperkalemia and acidosis), severe pulmonary edema, 
bleeding, metabolic encephalopathy, and pericarditis.4
More subtle but no less important indications include 
malnutrition and severe disability (marked tiredness 
and lethargy).

SYMPTOMS
CKD may be asymptomatic when kidney function is 
only mildly impaired; when the GFR is markedly re-
duced, the patient is usually symptomatic and may be 
severely disabled. Early in kidney disease, individuals 
may present simply with elevated serum creatinine and 
blood urea nitrogen levels but no symptoms. These in-
dividuals are usually unaware that they have any abnor-
malities in kidney function and usually fail to register 
on the “radar screen” of their clinicians. Edema may 
also be observed for the fi rst time, refl ecting the kidney’s 
inability to excrete salt and water. With a further decline 
in kidney function, there is often a concomitant decline 
in cognitive and physical functioning. This is usually 
due to anemia, kidney osteodystrophy, and onset of the 
uremic syndrome. In addition, appetite declines, and 
there is often a signifi cant loss of lean body mass.

PHYSICAL EXAMINATION
One or more of a spectrum of abnormalities that refl ect 
the multisystem nature of the uremic syndrome may be 
manifested on physical examination of patients with 
CKD. Patients may appear generally ill, gaunt, and pale. 
Mucous membranes may be pale from anemia, and poor 
platelet function may result in easy bleeding of the gums. 
The cardiovascular system may exhibit no abnormality, or 
there may be evidence of hypertension, extracellular fl uid 
overload (elevated jugular venous pressure, pulmonary 
venous congestion manifested by rales, and pitting 
edema), and acute pericarditis. The presence of a pericar-
dial rub on physical examination is usually highly sugges-
tive of uremic pericarditis. The pulmonary system may 
demonstrate rales from fl uid overload on physical exami-
nation. Gastrointestinal abnormalities include stomatitis, 
cheilosis, and halitosis. Patients may also experience epi-
gastric tenderness compatible with gastritis secondary to 
uremia. Abnormalities in the musculoskeletal system may 
include generalized weakness on physical examination. 
Proximal weakness may be an early sign of kidney osteo-
dystrophy. Patients with dialysis-associated amyloidosis 
may experience bone tenderness, carpal tunnel syndrome, 
and amyloid accumulations or tumors in various parts of 
the body, such as the skin. Hematologic abnormalities 
evident on physical examination may include bruising 
from platelet function abnormalities. Findings of the neu-
rologic examination may, quite commonly, be abnormal 
in patients with uremia. Patients may have mild abnor-
malities, such as intermittent confusion, or more severe 
manifestations, such as delirium, seizure activity, and 

TABLE 116-1  National Kidney Foundation 
Classifi cation of Chronic Kidney Disease

Stage I Kidney damage with normal or 
supranormal GFR 

GFR � 90

Stage II Kidney damage with mild reduction 
in GFR 

GFR 60-89

Stage III Moderate reduction in GFR GFR 30-59

Stage IV Severe reduction in GFR GFR 15-29

Stage V Kidney failure or on dialysis GFR � 15

TABLE 116-2 Causes of Chronic Kidney Disease

Prekidney

Cardiogenic

Severe cardiac failure

Vascular

Kidney artery stenosis

Kidney
Immunologic

Glomerulonephritis (primary or secondary)
Neoplastic

Multiple myeloma
Toxic

Gold, pencillamine, cyclosporine
Tubulointerstitial

Infection or refl ux
Cystic diseases

Polycystic kidney disease

Postkidney

Stones

Pelviureteric obstruction

Retroperitoneal fi brosis

Prostatic hypertrophy

Urethral stricture
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psychosis. In extreme cases, the patient may become co-
matose. Common abnormalities on physical examination 
include evidence of confusion, a fl apping tremor (as-
terixis), and fasciculations. A peripheral neuropathy is 
quite rare because most patients have started dialysis treat-
ment before a neuropathy has time to develop.

It is unclear why some patients demonstrate the “full-
blown” physical abnormalities of the uremic syndrome, 
whereas others exhibit relatively mild fi ndings on physi-
cal examination. The physical examination is important 
in the diagnosis of uremia. In particular, abnormalities 
such as encephalopathy, acute pericarditis, and pulmo-
nary edema are indications for initiation of kidney re-
placement therapy.

FUNCTIONAL LIMITATIONS
Functional limitations in individuals with CKD de-
pend on the degree of lethargy, fatigue, and neuropsy-
chological symptoms that are present. Individuals 
may go from being mobile to nonmobile because of 
weakness. Elderly individuals with underlying comor-
bidities may be the most affected. Endurance and the 
ability to perform activities of daily living may be re-
duced, and modifi cations in lifestyle may become 
necessary, including a change from full-time to part-
time work, reduction in travel, and discontinuation of 
driving.5-7 In diabetic patients, the onset of sympto-
matic CKD in the setting of other underlying compli-
cations of diabetes mellitus, including impaired visual 
acuity and peripheral neuropathy, presents challeng-
ing functional limitations.

DIAGNOSTIC STUDIES
Diagnostic testing in individuals with CKD essentially 
focuses on two areas: monitoring of the progression of 
CKD and assessment of the complications of CKD. 
Monitoring of kidney disease progression involves regu-
lar measurement of serum creatinine, blood urea nitro-
gen, electrolyte, calcium, phosphorus, albumin, and 
magnesium concentrations. A complete blood count is 
also necessary.

Creatinine and urea have several major limitations in 
estimation of kidney function accurately.8 Muscle mass 
is perhaps the single most important factor for the lim-
ited accuracy of creatinine as a measure of kidney func-
tion. This is because creatinine is a byproduct of creatine 
metabolism, which is a product of muscle breakdown. 
Thus, individuals with large muscle mass generate 
greater amounts of endogenous creatine and therefore 
have a higher steady-state serum creatinine level, even 
though their kidney function as measured by GFR is in 
the normal range.9 On the other hand, individuals with 
smaller muscle mass, such as elderly patients, will have 
a serum creatinine concentration within the normal 
range but will have lower than normal kidney function 
as measured by the GFR.9 Urea levels refl ect the meta-
bolic state of the body. In highly anabolic individuals, a 
“normal” level may even suggest signifi cant abnormal-

ity in kidney function (e.g., pregnant women will have 
blood urea levels that are markedly depressed). In con-
trast, a very high urea level may be observed in highly 
catabolic patients, such as those who are critically ill or 
receiving large doses of corticosteroids. Therefore, inter-
pretation of a very high blood urea nitrogen level 
should be done in concert with the serum creatinine 
measurement.

Kidney function can be measured more accurately by 
calculation of the creatinine clearance and urea clear-
ance with 24-hour collection of urine. These methods 
also have limitations because they are dependent on 
the compulsiveness of the patient in collection proce-
dures; however, they are very useful in practice—often 
more so than a serum creatinine measurement. A cre-
atinine clearance measurement is reasonably accurate 
until kidney function is severely impaired. This is be-
cause creatinine is both fi ltered freely by glomeruli and 
secreted by the proximal tubule. Thus, as kidney func-
tion declines, the proportion of creatinine that is se-
creted over that which is fi ltered increases. Hence, as 
kidney function declines, the creatinine clearance 
tends to underestimate the impairment of GFR. In 
contrast, urea clearance is an overestimation of GFR; 
despite the fact that urea is freely fi ltered by the glo-
merulus and not secreted by the proximal tubule, it 
undergoes a variable degree of reabsorption in the dis-
tal nephron—its reabsorption being crucial for the 
maintenance of a hyperosmolar medullary intersti-
tium. In low-fl ow states, such as dehydration, urea is 
reabsorbed in the collecting duct of the distal neph-
ron. Consequently, urea clearance values overestimate 
impairment in GFR.

More accurate measurement of kidney function is fea-
sible through the measurement of inulin clearance and 
iothalamate or ethylenediaminetetraacetic acid clear-
ance. These methods are not widely available, are ex-
pensive, and may be inconvenient for the patient to 
have performed. Most recently, the use of cimetidine-
blocked creatinine clearance and of estimating equa-
tions, such as the Modifi cation of Diet in Renal Disease 
(MDRD) formula, have become popular.10,11

The National Kidney Foundation recommends the use 
of either the full (MDRD 1) or abbreviated MDRD for-
mula because among patients with CKD, it most closely 
approximates actual kidney function (Table 116-3). The 
MDRD equation to predict GFR was developed in 1999. 
The equation is based on 1628 nondiabetic subjects, 
aged 18 to 70 years, with renal insuffi ciency. The formula 
uses urea, creatinine, and albumin as well as demo-
graphics of age, gender, and race (black or white). If race 
is unavailable and white race is assumed, the GFR will be 
underestimated by 18% if the patient is black. The equa-
tion has been validated in both diabetic and nondiabetic 
patients and in kidney transplant recipients. It works 
well in estimating kidney function in whites and in 
blacks. However, it has not been adequately validated in 
Latinos, Chinese and other Asians, and individuals with 
extremes of body mass. It is important to know that the 
MDRD equation underestimates kidney function among 
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TREATMENT
Initial
The timely referral of the patient with CKD to a ne-
phrologist is of great importance.13 Studies demonstrate 
that early referral is associated with optimal manage-
ment of the complications of CKD.14,15 As well, there is 
time for elective construction of an arteriovenous fi s-
tula, rather than resorting to either a temporary catheter 
or a synthetic graft. In addition, early referral saves 
money and reduces the days of hospitalization.

The focus of treatment before dialysis becomes necessary 
is treatment of complications (such as anemia and bone 
disease), slowing of the progression of CKD, and manage-
ment of complications. The treatment of complications 
rests on consensus and widely adopted guidelines from 
the National Kidney Foundation called the KDOQI guide-
lines.16-18 The main thrusts of antiprogression therapy are 
the use of an angiotensin-converting enzyme (ACE) in-
hibitor (or, if the patient cannot tolerate an ACE inhibitor, 
an angiotensin receptor blocker); the optimal manage-
ment of hypertension, targeting a mean arterial blood 
pressure of 92 mm Hg (120/80 mm Hg), particularly in 
patients who have CKD associated with signifi cant (more 
than 1 g/24 hour) proteinuria; the implementation of 
strategies to reduce proteinuria; and the judicious use of a 
low-protein, high-calorie diet. In addition, the use of a 
hypolipidemic agent and early treatment of anemia with 
epoetin are important. A protocol to comprehensively 
manage the protean manifestations of CKD is highly rec-
ommended. One such protocol focuses on the 10 A’s of 
CKD: anemia, atherosclerosis (cardiovascular disease), 
antiangiotensin therapy, albumin (nutrition), anions and 
cations (acidosis, hyperkalemia, hypermagnesemia), arte-
rial blood pressure, arterial calcifi cation (calcium � phos-
phorus product), access (vascular access), avoidance of 
nephrotoxic drugs, and allograft (timely referral for a kid-
ney transplant evaluation).

individuals with normal or nearly normal kidney func-
tion. In 2000, a simplifi ed MDRD equation (MDRD 2) 
was made available. It is based on serum creatinine as 
the only laboratory value—in the absence of urea or al-
bumin. The MDRD formula yields an estimated GFR 
(eGFR) normalized to 1.73 m2 body surface area. Adjust-
ment for body surface area is necessary in comparing a 
patient’s eGFR with normal values or in determining the 
stage of CKD. However, an uncorrected eGFR may be 
preferred for clinical use in some situations, such as drug 
dosing.

Measurement of iron stores (serum iron, ferritin, and 
total iron-binding capacity) and parathyroid hormone is 
recommended approximately every 3 months or more 
frequently if the patient is unstable or there is active 
treatment modifi cation. In patients with early to moder-
ate kidney dysfunction, measurement of proteinuria—
either by a spot urine specimen to determine protein to 
creatinine ratio or by a 24-hour urine collection for pro-
tein excretion—is necessary, given the important role 
that proteinuria plays as a risk factor in kidney disease 
progression.

Screening for complications of CKD is important to re-
duce morbidity and mortality. In assessing for cardiovas-
cular complications, annual echocardiography is increas-
ingly being recommended to assess for early left 
ventricular hypertrophy.12 An electrocardiographic study 
may also be used for this purpose, but its sensitivity is 
limited, particularly for early detection. Measurement of 
serum total cholesterol, low-density lipoprotein, high-
density lipoprotein, triglycerides, and homocysteine lev-
els is recommended because nearly 50% of individuals 
with end-stage kidney disease die of cardiovascular 
causes—commonly coronary artery disease. To screen for 
malnutrition, regular assessment by a dietitian is also 
recommended. Individuals with CKD spontaneously eat 
less than healthy age-matched controls do. Furthermore, 
the majority of patients who reach end-stage kidney fail-
ure in the United States have hypoalbuminemia, despite 
good evidence that suggests the importance of albumin 
as a marker for a poor outcome among patients receiving 
dialysis. Although anemia is a common complication in 
individuals with CKD, as a result of erythropoietin defi -
ciency, it is important to rule out other causes of anemia, 
particularly if the patient has erythropoietin resistance. 
Screening for fecal occult blood and measurement of 
iron stores and serum folate are recommended.

TABLE 116-3 MDRD Equations*

MDRD 1

GFR � 170 � [SCr]�0.999 � [age]�0.176 � [0.762 if patient is female] � [1.18 if patient is black] 
� [BUN]�0.170 � [Alb]0.318

MDRD abbreviated

GFR � 186 � [SCr]�1.154 � [age]�0.203 � [0.742 if patient is female] � [1.212 if patient is black]
*MDRD 1 is the complete equation; MDRD abbreviated is the shortened version and is most widely used 
clinically.
Alb, albumin; BUN, blood urea nitrogen; GFR, glomerular fi ltration rate; SCr, serum creatinine concentration.

Differential Diagnosis

Acute kidney failure
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Rehabilitation
Rehabilitation ensures that the patient remains intact 
both physically and psychologically as major changes in 
health and life status occur. In this regard, rehabilitation 
strategies have emerged as adjuncts in management of 
patients with CKD, especially those nearing the initia-
tion of dialysis.19-27 These strategies focus on two issues: 
an assessment of function and then a prescriptive com-
ponent targeted at muscle strengthening and restoration 
of function. This is accomplished in some dialysis pro-
grams with exercise machines.

Referral to a physical or occupational therapist as an 
outpatient is an important part of the overall manage-
ment. Initially, a physical medicine consultation is 
sought to assess the degree of physical and functional 
impairment. Evaluation of the patient in the home set-
ting is particularly valuable and is usually orchestrated 
by the social worker in concert with the physical thera-
pist, the occupational therapist, and a visiting nurse. 
Adaptations in the home may be necessary, particularly 
for elderly patients. These could range from obtaining 
new housing for patients who need ground fl oor ac-
commodation or more space to facilitate equipment 
such as a dialysis machine to adaptations in the bath-
room (e.g., raised toilet seat, railings to steady the pa-
tient, and shower adaptations). Modifi cations such as a 
bed with railings, safety adaptations to the kitchen, and 
a chair lift may also become necessary.

Education of patients with CKD is of crucial impor-
tance.26,27 In addition to having an improved under-
standing of the treatment protocol, an informed patient 
is likely to make better choices about dialytic options 
and about whether he or she wishes to be considered 
for kidney transplantation. Many options for education 
are now available, but the most focused program is the 
“People Like Us” program of the National Kidney Foun-
dation.27

Procedures
Temporary line insertion procedures are a much less 
desirable method to obtain vascular access for dialysis 
and should be contemplated only in patients who can-
not undergo construction of an AV fi stula or placement 
of an AV graft. On occasion, because patients present 
late or in cases in which CKD ensues after a devastating 
acute kidney insult, insertion of a tunneled internal 
jugular double-lumen dialysis catheter is necessary. It is 
important to insert the catheter into the jugular vein 
and not a subclavian vein because studies demonstrate 
that the subclavian vein has a substantially higher risk 
of stenosis in the setting of an indwelling line.

Surgery
The most common surgical procedure in patients with 
CKD is dialysis access. An early assessment of the pa-
tient’s vascular access options by a vascular surgeon is 
very important. Patients are asked to save their non-
dominant veins during blood draws to facilitate future 

construction of vascular access. In the United States, an 
arteriovenous (AV) graft is the most common form of 
vascular access for dialysis, outnumbering AV fi stulas in 
some centers by three to one. In contrast, in Europe, 
Canada, and even some American centers, AV grafts are 
in the minority. The reasons behind this variation in-
clude a higher rate of patients with diabetes with CKD 
in the United States, a higher rate of small-vessel disease 
(because of the higher prevalence of diabetes mellitus 
coupled with an older population), and a higher level 
of time and skill required to construct an AV fi stula 
compared with an AV graft.

Although transplantation is the preferred option once 
the patient reaches end-stage kidney disease, this may 
not be feasible. Individuals may have comorbidities that 
preclude transplantation (e.g., there may be no readily 
available living related or unrelated donor, and the pa-
tient may have to wait 3 or 4 years for a cadaver kidney). 
Alternatively, the patient may prefer dialysis to trans-
plantation as a lifestyle option. Because the failure and 
complication rates of an AV fi stula are much lower than 
those of an AV synthetic graft (approximately 80% of AV 
grafts have failed 3 years after placement, whereas the 
reverse is true for AV fi stulas), an AV fi stula is highly 
recommended. Surgery is usually performed when the 
GFR has reached 25 to 30 mL/min and can be done on 
an outpatient basis. An AV fi stula takes approximately 
6 months to mature before it can be used, and therefore 
surgery should be planned at least 6 to 9 months before 
the anticipated initiation of dialysis treatment.

If the patient is to start hemodialysis, the dialysis access 
is either an AV fi stula or an AV graft. In a minority of 
patients in whom dialysis is required emergently or in 
whom surgical construction or insertion of a dialysis 
access is not feasible, the use of a tunneled double-
lumen catheter is the treatment of choice. On the other 
hand, in patients targeted to start peritoneal dialysis, 
surgical insertion of a tunneled peritoneal dialysis cath-
eter (Tenckhoff catheter) into the anterior abdominal 
wall is necessary.

Vascular access for hemodialysis requires early plan-
ning, rigorous counseling of the patient about the 
choices available for dialysis access, and a good vascu-
lar surgeon. Access through an AV fi stula is preferred in 
all patients receiving hemodialysis because of its ad-
vantage of long-term patency (more than 80% are pat-
ent at 3 years after construction) and a low complica-
tion rate. An AV fi stula is the native anastomosis of an 
arm vein with an arm artery (e.g., the cephalic vein in 
the arm with the radial artery). In contast, AV grafts 
have a low patency rate (nearly 80% fail by 3 years after 
surgery) and a higher complication rate. An AV graft is 
the surgical connection of a native vein and a native 
artery (e.g., an AV graft connects the cephalic vein with 
the radial artery).

If the patient is a viable candidate for kidney transplan-
tation, this procedure is the treatment of choice from 
medical, quality of life, and cost perspectives. Potential 
contraindications include cardiopulmonary disease that 
places the patient at risk from the surgery; an underlying 
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malignant disease; active infection, including positive 
human immunodefi ciency virus (HIV) status; and ac-
tive intravenous drug abuse. Age is not considered an 
absolute contraindication, although few elderly patients 
undergo transplantation. The inability to comply with 
medications and psychiatric disability are also relative 
contraindications. The workup for a kidney transplant 
recipient consists of a thorough physical examination, 
screening for infections (including HIV infection), and 
screening for underlying malignant disease. In patients 
with diabetes mellitus, formal cardiac testing, such as an 
exercise tolerance stress test and echocardiography, is 
recommended. Many centers also perform pulmonary 
function testing.

POTENTIAL DISEASE COMPLICATIONS
CKD may be associated with protean disease complica-
tions. However, complications in the cardiovascular 
system, bone and mineral metabolism, and hemato-
logic system are of the greatest signifi cance.

Life expectancy for a 49-year-old patient with CKD is ap-
proximately 7 years—lower than in colon and prostate 
cancer and one quarter that of the general population.28

This staggering reduction in life expectancy is largely at-
tributable to cardiovascular complications.28,29 Nearly 
50% of all deaths in patients with end-stage kidney 
failure are due to cardiovascular causes.29 The risk is 
17 times that of the general population. Remarkably, 
this gap is largest in young patients with end-stage kid-
ney disease.29 The risk factors for cardiovascular disease 
in individuals with CKD include but are not limited to 
the magnitude of the calcium-phosphorus product with 
its attendant risk of coronary calcifi cation and the pres-
ence of dyslipidemia, hypertension, hyperhomocystein-
emia, and left ventricular hypertrophy.28,29 The clinical 
manifestations of cardiovascular disease in patients with 
CKD include left ventricular hypertrophy, left ventricular 
dilatation, diastolic dysfunction, macrovascular and mi-
crovascular disease, and abnormalities in autonomic 
function including increased sympathetic discharge and 
increased circulating catecholamine levels.30 Indeed, 
there is now an extensive literature that addresses the 
role of traditional and nontraditional risk factors for 
cardiovascular disease in patients with CKD.31 Tradi-
tional risk factors are those factors that have been used 
to estimate the risk for development of symptomatic 
ischemic heart disease in the Framingham study. Tradi-
tional Framingham cardiovascular disease risk factors 
(older age, diabetes mellitus, systolic hypertension, left 
ventricular hypertrophy) are highly prevalent in patients 
with CKD, and their relationship to cardiovascular dis-
ease is the same regardless of CKD status. On the other 
hand, there appears to be what has been termed a re-
verse epidemiology for other factors, such as hyperten-
sion and low-density lipoprotein cholesterol, among 
dialysis patients. The increased risk at lower levels of 
blood pressure and cholesterol may refl ect confounding 
from cardiomyopathy and malnutrition, respectively, 
although this has not been proved. The role of nontradi-
tional risk factors in infl uencing cardiovascular disease 

risk in CKD is more controversial. Observational studies 
strongly suggest that factors such as proteinuria, hemo-
globin level, infl ammation, and calcium-phosphorus 
abnormalities are important; however, defi nitive evi-
dence remains lacking. Some of these nontraditional 
risk factors are specifi c to kidney disease and worsen 
with progressive impairment of kidney function. It is 
likely that the increase in cardiovascular risk in patients 
with CKD is a multifactorial composite of both tradi-
tional cardiovascular risk factors and nontraditional 
kidney-specifi c risk factors. Many of these traditional fac-
tors and the nontraditional risk factors are modifi able 
and therefore need to be studied to assess whether treat-
ment of these factors improves outcome.

Abnormalities in bone and mineral metabolism are 
common in individuals with CKD.32,33 Patients may 
have both biochemical and skeletal abnormalities. 
Hypocalcemia, hyperphosphatemia, hypermagnese-
mia, and hyperparathyroidism are usually observed in 
some combination. In addition, bone effects may 
range from an abnormally high to an abnormally low 
bone turnover.32 Kidney osteodystrophy is character-
ized by increased osteoclast and osteoblast activity 
coupled with peritrabecular fi brosis. Bone pain is the 
single most common manifestation of kidney osteo-
dystrophy; it occurs mostly in the hips, lumbosacral 
spine, and legs and is usually nonspecifi c in nature. 
Acute periarthritis from metastatic calcifi cation may 
also occur. Muscle weakness is also common. Other 
clinical manifestations of kidney osteodystrophy in-
clude pruritus, metastatic calcifi cation, and calciphy-
laxis. All of these clinical manifestations progressively 
impair the patient’s strength and functionality.

Anemia is an early and easily recognized complication 
of CKD.34 Erythropoietin is produced predominantly by 
kidney interstitial cells and to a lesser degree by the 
liver. Erythropoietin production is markedly decreased 
in individuals with CKD, and as a consequence, anemia 
ensues. Other causes of anemia in CKD include direct 
marrow suppression by uremic toxins, shortened red 
cell survival, increased blood loss, and iron defi ciency. 
The benefi ts of treating anemia with epoetin have been 
well established in the literature and include a better 
sense of well-being, enhanced cognitive function, re-
gression of left ventricular hypertrophy, improved sleep 
pattern, and reduced hospitalizations. Current recom-
mendations center on a target hemoglobin level of 11 to 
13 g/dL and a hematocrit level of 33% to 39%.17

POTENTIAL TREATMENT 
COMPLICATIONS
Strategies to slow progression are now the centerpiece 
of management of CKD. Nevertheless, treatment com-
plications may occur. Because ACE inhibitor therapy is 
a central component of antiprogression therapy (i.e., all 
patients with chronic kidney insuffi ciency and CKD 
should be targeted for ACE inhibitor therapy), compli-
cations include, most commonly, hyperkalemia, a dry 
cough, and a feeling of lassitude. In patients who have 
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not reached the stage of advanced CKD, the use of the 
resin polystyrene in conjunction with a low-potassium 
diet allows continued use of an ACE inhibitor. Often, 
the patient’s potassium level may stabilize on the high 
side of the normal range when polystyrene is taken ev-
ery other day. Patients who experience a dry cough 
(about 15% of the ACE inhibitor–treated population) 
can instead be suffi ciently treated with an angiotensin 
receptor blocker. ACE inhibitors may result in hemody-
namically associated acute kidney failure in patients 
with bilateral kidney artery stenosis.

The use of low-protein diets in patients who are border-
line malnourished may precipitate even worse malnu-
trition. Withdrawal of the low-protein diet in these cir-
cumstances is important. In addition, it is important to 
ensure that the patient is consuming suffi cient calories. 
Referral to a dietitian is an important adjunct to man-
agement that specifi cally addresses these issues.

Complications of AV grafts (and, to a lesser extent, of AV 
fi stulas) include, most commonly, thrombosis and in-
fection. Thrombosis of an AV graft is probably the most 
common reason for a patient with end-stage kidney 
disease to be admitted to the hospital.

Kidney transplantation is very successful. One-year kid-
ney survival rates are more than 95% for transplants 
from living related and unrelated donors, whereas the 
1-year rate is 90% to 95% for cadaver kidney transplan-
tation. Longer term survival is in the 80% range at 
5 years. The most common complications are early non-
function, acute rejection, mechanical issues (such as 
obstruction of the allograft), and chronic allograft rejec-
tion. As well, depending on the underlying kidney dis-
ease, recurrent disease in the allograft may be mani-
fested as a complication. Immunosuppressive treatment 
includes a calcineurin inhibitor (cyclosporine or FK506), 
mycophenolate mofetil (CellCept), and prednisone. 
Treatment of rejection involves pulsing with methyl-
prednisolone acutely and a “rescue” strategy with either 
muromonab-CD3 (OKT3) or antithymocyte globulin.
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DEFINITION
A joint contracture is a limitation in the passive range of 
motion of a joint. Changes in articular structures (bone, 
cartilage, capsule), muscles, tendons, or skin can pre-
vent a joint from moving passively through its full 
range. A classifi cation according to the tissue limiting 
the range of motion is proposed in Table 117-1.

By this defi nition, regardless of the nature of the tissue 
alteration, if it results in joint motion limitation, the 
joint condition is called a joint contracture. For exam-
ple, a muscle with adaptive shortening or fi brosis re-
stricting joint motion is classifi ed as “joint contrac-
ture—myogenic type.” It should not be referred to as a 
muscle contracture.

As such, joint motion limited by pain or spasticity 
qualifi es as a joint contracture only if the limitation is 
demonstrated after the pain or the infl uence of the hy-
peractive upper motor neuron (increased tone, spastic-
ity, co-contraction) has been removed. For example, 
when a person with a spinal cord injury is treated for 
spasticity, the tone in the lower extremities will be re-
duced and an apparent chronic ankle plantar fl exion 
contracture may disappear.

Conventionally, a joint contracture is named according 
to the joint involved and the direction opposite the lack 
of range. Some examples: a knee fl exion contracture 
lacks full extension; an elbow extension contracture 
lacks full fl exion; and an ankle plantar fl exion contrac-
ture lacks dorsifl exion.

A contracture is the fi nal common path of numerous 
conditions preventing movement of a joint through its 

full range of motion. Pain, trauma, immobility, weak-
ness, and edema commonly contribute to reduced joint 
range of motion. The body’s natural reaction to a pain-
ful joint is to “splint” or immobilize it. This results in 
the joint’s not moving through its full range and places 
it at risk for development of a contracture. Joints trau-
matized by fracture or reconstructive surgery, such as 
anterior cruciate ligament repair or arthroplasty, are 
susceptible to contractures.1 Joint contractures can hap-
pen as a consequence of the disease (prolonged immo-
bility in bed in intensive care units; Fig. 117-1) or as part 
of the treatment (casting after fracture or prolonged use 
of a brace). Any joint can be affected.

Neurologic conditions that increase muscle tone or 
cause weakness contribute to contractures because of 
unequal strength in opposing muscle groups. In upper 
motor neuron conditions, such as after a stroke or 
traumatic brain injury, spasticity and excessive muscle 
tone prevent a joint from accessing portions of its 
normal range.2 Similarly, in lower motor neuron inju-
ries, such as a plexopathy or peripheral nerve injury, 
the unopposed muscle pull will limit joint motion 
toward the paralyzed muscle. The range of motion not 
accessed will eventually be lost, resulting in a joint 
contracture.

A number of other local conditions, such as arthritis, 
joint infections, and burns, will cause contractures.3 In 
addition, systemic conditions, such as muscular dystro-
phy, diabetes, Parkinson disease, and Alzheimer disease, 
can limit mobility or initiation and put the patient at 
risk for contractures.

Data on incidence and prevalence of joint contractures 
are limited and often describe one specifi c joint.4 Nev-
ertheless, these studies indicate a common problem. At 
least one joint contracture was noted in 7% to 51% of 
persons after a spinal cord injury.5-7 Between 16% and 
81% of persons with an acquired brain injury developed 
a joint contracture,2,8,9 and 51% of children who had an 
obstetric brachial plexus injury were found to have a 
shoulder contracture.10 In institutionalized elderly, one 
research reported that 71% of those who were immobile 
had a joint contracture, whereas none of the mobile 
patients had a joint contracture.11

Synonyms
Arthrofi brosis
Capsulitis
Ankylosis

ICD-9 Codes
M24.5 Contracture of joint
M24.6 Ankylosis of joint
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SYMPTOMS
Joint contractures develop insidiously and progress 
asymptomatically. They are painful only with attempts 
to move the joint through its full range beyond the re-
striction. Many daily activities do not require a joint to 
move through its entire range. Therefore, a contracture 
may develop unnoticed for extended periods until the 
joint restriction interferes with functional activity. In the 
outpatient setting, patients with hand and fi nger joint 
contractures might present with complaints of a weak 
or ineffective grasp. A patient with a knee fl exion con-
tracture may present with complaints of a limp3 or of 
hip or low back pain.

PHYSICAL EXAMINATION
The patient must be relaxed, properly positioned, and 
in no pain. The clinician inspects the patient for abnor-
malities of limb shape, size, symmetry, and position. 
Edema or deformity of the joints is noted. Skin is also 
assessed for any areas of breakdown or thickening com-
plicating a contracture. Palpation of joints for swelling 
and tenderness must be completed.

Passive range of motion is particularly important when 
weakness prevents normal active movement. The most 
precise tool for joint measurement is a universal goni-
ometer (Fig. 117-2). Comparison is made with the con-
tralateral side or with normative values.12

It is important to complete a neuromuscular examina-
tion. Particular attention must be paid to strength and 
specifi cally to the presence of any muscle imbalance. 
Refl exes and tone are assessed, and in the presence of 
spasticity, the clinician should optimize medication and 
then apply prolonged passive stretch (sometimes by use 
of therapeutic heating modalities) to determine whether 
a full range of motion can be achieved by overcoming 
the increased muscle tone. Finally, a sensory examina-
tion is completed because abnormal sensation will in-
fl uence the choice of treatment modalities.

FUNCTIONAL LIMITATIONS
Joint contractures affect the performance of activities of 
daily living. Functional limitations depend on the un-
derlying medical condition and the joints affected.

Upper extremity contractures of the elbow, wrist, and 
fi ngers impair the performance of all basic activities of 
daily living, such as dressing and grooming, as well as 
advanced skills requiring fi ne motor coordination, like 
writing. In continuing care, half as many residents with 
an upper limb contracture fed themselves compared 
with those without a contracture.13

Lower extremity contractures interfere with mobility. 
Multiple joint contractures exacerbate disability. The 

TABLE 117-1  Classifi cation of Contractures According 
to the Tissue Causing Restriction in 
the Range of Motion of the Joint

Type Example*

Arthrogenic

  Bone Intra-articular fracture

  Cartilage Osteochondritis dissecans

  Synovium Pigmented villonodular synovitis, 
synovial chondromatosis

  Capsular Secondary to immobility, adhesive 
capsulitis, arthrofi brosis

  Other Meniscal tear, labrum tear

Myogenic

  Muscle Muscle fi brosis, myositis ossifi cans, 
muscle adaptation to altered neu-
rologic supply (spasticity, fl accidity)

  Fascia Eosinophilic fasciitis

Tendinous Tendon transposition, shortening

Cutaneous Burn, scleroderma

Mixed (any combination 
of the above types)

Burn and adhesive capsulitis

*One or more clinical conditions illustrate each type of joint contracture.

FIGURE 117-1. Prolonged bed rest is a risk factor for contractures in multiple joints.
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mobility of continuing care residents with a lower limb 
contracture is signifi cantly reduced.13 Hip and knee 
fl exion contractures alter gait pattern, energy expendi-
ture, wheelchair mobility, and car transfers. Patients 
with transtibial amputations are at risk for develop-
ment of a knee fl exion contracture after their amputa-
tion (Fig. 117-3A). This may result in an inability to fi t 
that patient with the most functional below-knee pros-
thesis. Instead, a bent-knee prosthesis, offering the pa-
tient less function and increased energy cost, must be 
used (Fig. 117-3B).

DIAGNOSTIC STUDIES
The diagnosis of a joint contracture is clinical. Radio-
graphic evaluation can identify contributing conditions, 
such as osteophytes and heterotopic ossifi cation. If a 
systemic cause is suspected, specifi c investigations are 
indicated.

TREATMENT
Initial
The initial “treatment” of contractures is prevention. 
Moving joints actively or passively through their full 
range on a daily basis prevents contractures. Continu-
ous passive motion devices, such as those used after 
total knee joint arthroplasty, can achieve this in postop-
erative situations.14

Pain control is essential to the prevention and treatment 
of contractures, particularly after a surgical procedure.15

Appropriate use of analgesics will promote the patient’s 
comfort and compliance with stretching sessions.

Therapeutic positioning and splinting prevent contrac-
tures in immobilized patients.15 These measures main-
tain the correct length of connective tissue and rotate 
between different positions of the joint. An example of 
therapeutic positioning is lying prone to stretch the hip 
joint in extension. External rotation and abduction of 
the shoulders with an arm support attached to the bed 
of patients in the intensive care unit will maintain shoul-
der range. Standing upright will help stretch the ankle 
joints. Hand and fi nger as well as ankle static orthoses 
are useful for preventing fi nger and ankle contractures.

Rehabilitation
Once contractures have developed, rehabilitation in-
cludes sustained stretching and range of motion exer-
cises. Again, analgesia and control of spasticity should 
be optimized to benefi t the stretching sessions.

Therapeutic modalities are commonly used to potenti-
ate the effect of stretching sessions. The combination of 
modalities that heat soft tissues with stretching is an ef-
fective treatment. Ultrasound, for example, heats soft 
tissues around large joints to a therapeutic temperature 
range of 40°C to 43°C, improving their elasticity.15

Small joints can be heated by the use of paraffi n bath 
dips or hydrotherapy (e.g., for hand and fi nger contrac-
tures in scleroderma or nerve injury).

Dynamic bracing can achieve prolonged, continuous 
stretching of joint contractures. Serial casting or serial 
splinting is also used with the same intent. After maxi-
mal stretching, a cast or orthosis is applied. The cast or 
orthosis is removed every 2 or 3 days, stretching is re-
peated, and the cast or orthosis is reapplied at an en-
hanced angle (Fig. 117-4). Serial casting or splinting 
should be carefully monitored on limbs with circula-
tory or sensory compromise.

Provision of assistive devices to lessen specifi c disability 
and of gait aids to try to normalize gait completes the 
rehabilitation process.

Procedures
If spasticity is thought to maintain contractures, despite 
optimized oral medication, treatments such as motor 
point blocks with phenol, botulinum toxin injections, 
or intrathecal baclofen are considered. These procedures 

FIGURE 117-2. Example of how to measure a joint with a universal 
goniometer. (Modifi ed from Norkin CC, White DJ. Measurement of Joint 
Motion: A Guide to Goniometry, 3rd ed. Philadelphia, FA Davis, 2003.)

Proximal 

145°

Dista
l

Differential Diagnosis

Spasticity

Heterotopic ossifi cation

Degenerative joint disease

Fracture

Dislocation

Loose body in a joint

Meniscal tears

Psychogenic

These conditions could present as a joint contracture, 
but the apparent contracture would resolve with treat-
ment. However, these conditions can also be present 
alongside a true contracture, so a stepwise assessment 
may be needed to arrive at the correct diagnosis.
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can be diagnostic as well as therapeutic because they 
can differentiate a joint contracture from spasticity. The 
injection can constitute an adjunct to dynamic bracing 
and serial casting or splinting.

Surgery
In fi xed contractures, surgical treatments include tenot-
omy, tendon lengthening, joint capsule release, and joint 
reconstruction. These procedures are reserved for patients 
in whom less aggressive methods of treatment have failed 
and the fi xed contractures signifi cantly affect function.15

POTENTIAL DISEASE COMPLICATIONS
Joint contracture can lead to ankylosis of a joint 
with corresponding loss of function. Upper limb 
contractures, especially if they are affecting multi-
ple joints, can lead to dependency for all aspects 
of care. Mobility can be decreased to a bedridden 
state. Pressure sores can develop because of the lim-
ited options for mobility and weight-bearing areas. 
Infection by bacteria and fungal agents can occur in 
the skin folds if contractures prevent adequate access 
for hygiene.

FIGURE 117-3. A, Knee fl exion contracture in a below-knee (transtibial) amputee. B, Example of a bent-knee prosthesis.

A B

FIGURE 117-4. Serial short leg casts depicting a reduction of plantar fl exion contracture of 20 degrees to a fi nal holding cast at 5 degrees of dorsi-
fl exion. Several intermediate casts between the initial and fi nal holding casts may be required to achieve gradual dorsifl exion range.
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POTENTIAL TREATMENT 
COMPLICATIONS
Aggressive stretching can inadvertently result in pain; 
tears in muscle, ligament, or capsule; and joint sublux-
ation. These complications can lead to bleeding, espe-
cially in patients with thrombocytopenia or receiving 
anticoagulation.

Splinting and casting can result in skin ulceration or 
limb ischemia if patients are inappropriately selected 
or not closely monitored. This risk is increased if the 
patient lacks protective sensation because of the under-
lying disease.
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DEFINITION
Deep venous thrombosis (DVT) occurs when a fi brin 
clot abnormally occludes a vein in the deep venous 
system. The circumstances that are necessary for DVTs 
to develop are classically described by Virchow’s triad, 
which includes venous stasis, intimal injury, and hy-
percoagulopathy. The risk for development of DVT 
varies according to specifi c characteristics of the pa-
tient, the surgical procedure, or the medical condition 
(Table 118-1).

Surgical patients can be placed in categories according to 
their risk for development of venous thromboembolism 
(VTE),1 with orthopedic surgery patients carrying the 
highest risk2 (Table 118-2). It is believed that orthopedic 
procedures carry such a high risk for VTE because the 
mechanical destruction of bone marrow during most 
orthopedic procedures causes intravasation of marrow 
cells and cell fragments and elevations of plasma tissue 
factor.3 Tissue factor is a potent trigger of blood clotting4

and is found in high concentration in bone marrow and 
the adventitia surrounding the major blood vessels and 
the brain, putting neurosurgical patients at great risk for 
development of VTE. After neurosurgery, the incidence 
of VTE has been reported to be as high as 50%.5 Risk 
factors that increase the rates of VTE in neurosurgery 
patients include intracranial surgery, malignant tumors, 
duration of the surgery, and presence of paresis or 
paralysis of the lower limbs.6 Patients can remain in 
this postsurgical hypercoagulable state for weeks after 
surgery.7

In addition to surgical patients, victims of orthopedic 
and neurologic trauma are at great risk for development 
of DVT, especially if long bone fracture or paralysis is 
involved. Patients who suffer spinal cord injury are in 
high jeopardy of VTE because of stasis and hypercoagu-
lability. Other conditions that may predispose one to 
VTE are malignant disease, morbid obesity, previous 
history of VTE, stroke, irritable bowel syndrome, and 
congestive heart failure.

Pregnancy, prolonged immobility, advanced age, and 
certain hereditary conditions also predispose to devel-
opment of VTE. Hereditary conditions include defi cien-
cies in protein C and protein S and familial thrombo-
philia. Acquired defi ciencies of the natural anticoagulant 
system include antibodies directed against antiphos-
pholipid. The frequency of thromboembolism increases 
with age; this may be related to a heterozygous factor V 
Leiden mutation.8

SYMPTOMS
Venous thrombosis often occurs asymptomatically. If 
this is not the case, a pulmonary embolus is typically 
the fi rst symptom. Other symptoms of VTE may include 
lower extremity edema, fever, extremity warmth, and 
pain. Symptoms can serve only as a trigger for further 
diagnostic inquiry; they cannot, by themselves, rule VTE 
in or out.

PHYSICAL EXAMINATION
The classic signs of DVT are tenderness, swelling, and 
warmth; a palpable cord can sometimes be felt. In the 
past, emphasis was placed on the presence of Homans 
sign and calf tenderness in making a clinical diagnosis 
of DVT; however, these physical examination fi ndings 
have been found to be nonspecifi c with poor positive 
predictive values.9 Signifi cant asymmetric calf edema is 
an important sign and can be determined by taking the 
circumferential measurement of the calf 10 cm below 
the tibial tuberosity. A 3-cm difference in calf girth is 
considered a signifi cant clinical difference. Like symp-
toms, physical examination fi ndings are not sensitive or 

Synonyms
Venous thromboembolism
Blood clot
Thrombophlebitis
Phlebothrombosis

ICD-9 Code
451.1  Phlebitis and thrombophlebitis, of deep vessels of 

lower extremities
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specifi c; in more than 50% of the instances in which 
there was verifi ed DVT, there was a normal physical ex-
amination.

FUNCTIONAL LIMITATIONS
DVT rarely causes functional compromise, except calf pain 
during walking. Absolute bed rest is generally not indi-
cated, but patients should suspend their lower extremity 
exercise program until they are fully anticoagulated.

Pretest Probability
The Wells prediction rules (Table 118-3) are a group of 
clinical characteristics that are useful in estimating the 
pretest probability of DVT. High-quality evidence exists 
to support the validity of these rules, and their use is 

recommended as a practice guideline by the American 
Academy of Family Physicians and the American Col-
lege of Physicians.10 They are easily implemented before 
more defi nitive testing is performed on patients.11

DIAGNOSTIC STUDIES
Venography is the reference or “gold standard” for the 
diagnosis of DVT and is the only test that can reliably 
detect DVT isolated to the calf veins, the iliac veins, and 
the inferior vena cava (Figs. 118-1 and 118-2). The draw-
backs to venography are its technical complexity, the 
requirement for the use of contrast dye, and the risk of 
allergic reaction.

Real-time, B-mode venous ultrasonography is the proce-
dure of choice for the investigation of patients with 
suspected DVT. Venous ultrasonography allows direct 
visualization of the vein lumen; inability to compress 
that lumen is the main criterion for a positive test result. 
Other adjunctive fi ndings include vein distention, ab-
sence of fl ow, echogenic signals within the vessel lu-
men, and visualization of fi lling defects by color Dop-
pler study. Systematic reviews have demonstrated high 
sensitivities and specifi cities for the diagnosis of DVT in 
the proximal lower extremity by ultrasonography. How-
ever, sensitivities were poor for determination of the 
presence of calf vein thrombosis.

Visualization of calf veins by ultrasonography is techni-
cally more diffi cult and less reliable than diagnosis of 
venous thrombus in the area between the trifurcation of 
the popliteal vein and the femoral vein in the groin. 
Other noninvasive diagnostic methods include Doppler 
ultrasonography, impedance plethysmography, and 
125I-fi brinogen scanning for the presence or absence 
of fi brin accretion.

TABLE 118-1 Risk Factors for Deep Venous Thrombosis

Patient Factors Diseases Procedures

Age > 40 years
Obesity
Varicose veins
Immobility
Pregnancy
High-dose

estrogen therapy
Previous DVT

Thrombophilia
 Antithrombin III, 

protein C, protein 
S defi ciency

Antiphospholipid 
antibody, lupus 
anticoagulant

Malignant disease
Major medical illness
Trauma
Spinal cord injury
Paralysis

Pelvic surgery
Lower limb 

orthopedic 
surgery

Neurosurgery

TABLE 118-2 Risk Categories of Venous Thromboembolism in Surgical Patients without Prophylaxis

Risk Category Calf DVT Proximal DVT Fatal PE

High 40%-80% 10%-30% 1%-5%
Major orthopedic surgery of the lower limb

Major general surgery in patients �40 years with cancer or recent DVT or PE

Multiple trauma

Thrombophilia

Moderate 10%-40% 2%-10% 0.1%-0.8%

General surgery in patients �40 years that lasts 30 minutes or more without 
additional risk factors

General surgery in patients �40 years receiving estrogen or with a history of DVT or PE

Emergency cesarean section in women �35 years

Low �10% �1% �0.01%

Minor surgery (i.e., �30 minutes in patients �40 years without additional risk factors)

Uncomplicated surgery in patients �40 years without additional risk factors

DVT, deep venous thrombosis; PE, pulmonary embolism.
Modifi ed from Bounameaux H. Integrating pharmacologic and mechanical prophylaxis of venous thromboembolism. Thromb Haemost 1999;82:931-939.
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D-dimer assay has emerged as a method to help predict 
the presence of VTE. D-dimer is a degradation product 
of the cross-linked fi brin blood clot and as such is typi-
cally elevated in patients with VTE. D-dimer levels may 
also be elevated in a variety of nonthrombotic disor-
ders, including recent major surgery, hemorrhage, 
trauma, malignant disease, and sepsis. Because of the 
high sensitivity (but low specifi city) of the D-dimer as-
say, it is a good tool for exclusion of VTE if the test result 
is negative.

The fi rst step in the diagnostic approach is the determina-
tion of risk. Patients can be separated by clinical criteria 

into high-, moderate-, and low-risk categories. A nine-
point clinical criteria scoring system has been developed 
to determine a patient’s pretest probability for DVT, and 
it can be a useful adjunct to noninvasive testing (see Ta-
ble 118-3).12,13 All symptomatic patients thought to have 
DVT should, at the very least, undergo venous ultrasound 
imaging of the proximal venous system. Patients at mod-
erate or high risk should have the ultrasound study re-
peated in 1 week, or DVT may be ruled out on the basis 
of a negative result of the D-dimer assay. If the D-dimer 
assay result is positive, a follow-up ultrasound study in 
1 week is indicated.

TABLE 118-3  Wells Prediction Rules: Clinical Evaluation Table for Predicting Pretest Probability of Deep 
Venous Thrombosis

Clinical Characteristic Score

Active cancer (treatment ongoing, within previous 6 months, or palliative) 1

Paralysis, paresis, or recent plaster immobilization of the lower extremities 1

Recently bedridden � 3 days or major surgery within 12 weeks requiring general or regional anesthesia 1

Localized tenderness along the distribution of the deep venous system 1

Entire leg swollen 1

Calf swelling 3 cm larger than asymptomatic side (measured 10 cm below tibial tuberosity) 1

Pitting edema confi ned to the symptomatic leg 1

Collateral superfi cial veins (nonvaricose) 1

Alternative diagnosis at least as likely as deep venous thrombosis �2

Clinical probability: low � 0; intermediate 1-2; high � 3. In patients with symptoms in both legs, the more symptomatic is used.
From Wells PS, Anderson DR, Bormanis J, et al. Value of assessment of pretest probability of deep-vein thrombosis in clinical management. 
Lancet 1997;350:1795-1798. Copyright 2002, Elsevier.

FIGURE 118-2. Chronic lower extremity deep venous thrombosis with 
abundant collaterals. (Reprinted with permission from Katz DS, Math KR, 
Groskin SA. Radiology Secrets. Philadelphia, Hanley & Belfus, 1998:527.)

FIGURE 118-1. Acute deep venous thrombosis of popliteal vein. Note 
the intraluminal fi lling defect (arrowheads) and “tram-tracking” of con-
trast material around the thrombus.
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TREATMENT
Initial
Nowhere in medicine is the aphorism “an ounce of pre-
vention is worth a pound of cure” more appropriate 
than when the prevention of DVT is considered. The 
choice of the most appropriate prophylactic method 
depends on the clinical scenario and the risk-benefi t 
profi le for the particular patient. Unfractionated low-
dose subcutaneous heparin (5000 units every 8 to 
12 hours), although appropriate for most medical pa-
tients, has been slowly replaced by low-molecular-
weight heparin (LMWH) as the agent of choice in many 
clinical situations. Large meta-analyses comparing 
LMWH with unfractionated heparin in general and or-
thopedic surgery14 have shown LMWH as safe and more 
effi cacious than unfractionated heparin. Antiplatelet 
agents such as aspirin also reduce the risk of VTE in 
some patients; however, the evidence is not overwhelm-
ing for use with more than low-risk patients. Low-dose 
warfarin is better than aspirin or placebo in patients 
with hip fractures but may not be satisfactory in pre-
venting VTE after elective hip and knee surgery.

Mechanical VTE prophylaxis can be achieved with inter-
mittent pneumatic leg compression, intermittent pneu-
matic foot compression, or graduated compression 
stockings. Intermittent pneumatic leg compression pro-
vides increase in peak fl ow velocity and fl ow in the com-
mon femoral vein and is better than placebo in prevent-
ing DVT. Intermittent pneumatic foot compression is a 
high-pressure system that exerts a compression limited 
to the foot. These devices are best for patients who un-
dergo lower extremity orthopedic surgery and cannot be 
fi tted with the intermittent pneumatic leg compression 
devices. The intermittent pneumatic foot compression 
devices offer no advantage over LMWH in the preven-
tion of DVTs, except for a lower rate of bleeding compli-
cations. Graded compression elastic stockings work by 
increasing venous blood fl ow velocity. Knee-length 
stockings are sized to fi t, and they deliver graduated 
pressure of 40 mm Hg at the ankle, 36 mm Hg at the 
lower calf, and 21 mm Hg at the upper calf.

The optimal duration of pharmacologic prophylaxis 
also varies with individual risk and clinical situation. 
Current standard of care is to stop prophylaxis 7 to 
10 days after a surgical procedure or, in medical pa-
tients, when the patient is ambulating freely. After 

major orthopedic surgery, prolongation of prophylaxis 
to 4 to 6 weeks is most advantageous. In patients with 
spinal cord injuries, prophylaxis is best maintained for 
6 to 10 weeks.

The goal of treatment is to prevent local extension of 
thrombosis, embolization, and recurrent thrombosis. 
The cornerstone of medical treatment of DVT is antico-
agulation therapy. Evidence for its effi cacy comes from 
a study that showed death in 26% of patients who had 
clinically suspected pulmonary embolism and did not 
receive anticoagulation, compared with no deaths in 
the treatment group.15

An analysis of 16 systematic reviews of clinical trials 
revealed that there is high-quality evidence to support 
the use of LMWH over unfractionated heparin in the 
treatment of established DVT.16 Furthermore, the risk 
of major bleeding during initial therapy appears to be 
reduced with these agents.16 When unfractionated hep-
arin is used, the early establishment of an activated 
prothrombin time in the therapeutic range is essential. 
Many medical centers have adopted some kind of 
weight-adjusted nomogram to increase the likelihood 
of obtaining a therapeutic anticoagulation effect early. 
The nomogram that has been found to achieve 
the most rapid acquisition of the target activated 
prothrombin time is one in which the initial bolus 
of 80 units/kg is followed by an infusion rate of 
18 units/kg per hour. Activated prothrombin time 
should be checked every 4 to 6 hours until a therapeu-
tic range of 1.5 is achieved.

The duration of heparin treatment ranges between 4 
and 10 days. Patients with large iliofemoral vein throm-
bosis or major pulmonary embolism require a 7- to 
10-day course of heparin, with a delay in the initiation 
of warfarin until the activated prothrombin time is in 
the therapeutic range. Studies demonstrate that a 4- to 
5-day course of heparin with warfarin administered 
within 24 hours of heparin initiation in patients with-
out major pulmonary embolism of large proximal clots 
was as effective as 9 to 10 days of heparin.

LMWHs are fragments of unfractionated heparin pro-
duced by either chemical or enzymatic depolymeriza-
tion. LMWHs display improved bioavailability, dose-
independent clearance, and more predictable dose 
response compared with unfractionated heparin. These 
agents can therefore usually be given once or twice daily 
subcutaneously in weight-adjusted doses without labo-
ratory monitoring.

The U.S. Food and Drug Administration has approved 
two LMWHs, dalteparin (Fragmin) and enoxaparin (Lo-
venox), for perioperative VTE prophylaxis (Table 118-4). 
There are two other LMWHs available for use in DVT 
treatment, tinzaparin (Innohep) and nadroparin. Enoxa-
parin and tinzaparin are approved for DVT treatment in 
the United States and Canada. Dalteparin and nadropa-
rin are approved for this use only in Canada. Ardeparin 
(Normifl o) is another LMWH previously used for DVT 
treatment, but it was later withdrawn from the market. 
Enoxaparin can be used for the inpatient with DVT with 

Differential Diagnosis

Claudication

Ruptured Baker’s cysts

Cellulitis

Hematoma

Lymphedema
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or without pulmonary embolism and for outpatient 
treatment of DVT without pulmonary embolism.

Unmonitored outpatient therapy with LMWH is 
thought to be as safe and effective as in-hospital intra-
venous unfractionated heparin in patients with proxi-
mal DVT.17 Like patients receiving unfractionated hep-
arin, those treated with LMWH should begin taking 
warfarin within 24 to 48 hours. LMWH can be discon-
tinued after a minimum of 5 days, provided the inter-
national normalized ratio (INR) has been therapeutic 
for 2 consecutive days.

Thrombolytic therapy has a limited role in the treat-
ment of DVT. It has been suggested that pharmacologic 
lysis of DVT could prevent post-thrombotic syndrome if 
complete lysis can be achieved before valve destruction 
occurs. However, thrombolysis, whether it is given sys-
temically or by catheter, is expensive; the risk of bleed-
ing complications is higher, and the evidence of addi-
tional benefi t is not convincing. Thrombolysis should 
be reserved for patients with massive iliofemoral throm-
bosis or unstable cardiac or pulmonary disease with no 
contraindications to thrombolytic therapy.

After initial treatment with LMWH, long-term antico-
agulation therapy to prevent recurrent DVT is needed. 
An INR goal of 2 to 3 is generally considered effective in 
preventing recurrent DVT, and risk of bleeding is lower 
than with higher INR levels. Treatment duration ranges 
between 3 and 6 months; the short duration is reserved 
for those who had some risk factor (e.g., immobility 
before surgery). Patients who wear compression stock-
ings for 1 year after initial DVT have a lower incidence 
of post-thrombotic syndrome.

The risk of recurrent DVT is serious on the cessation of 
anticoagulation treatment. There is some evidence to 
suggest that post-treatment residual thrombus increases 
the risk of recurrent DVT and mortality.18 The monitor-
ing of serial D-dimer levels has been shown to be useful 
in determining the likelihood of DVT recurrence.19

Treatment is indicated for more than 12 months in pa-
tients with recurrent DVT or for individuals with con-
tinuous risk factors for thromboembolic disease, such 
as malignant disease.17

Untreated calf vein thrombosis does not commonly result 
in clinically important pulmonary embolism unless the 
thrombus extends into the proximal venous segments, 

which occurs in about one quarter of the cases. It is safe 
to monitor calf thrombi with serial venous ultrasound 
examinations or impedance plethysmography and to ini-
tiate therapy only if the thrombus extends into the pop-
liteal or more proximal veins. Treatment of superfi cial 
venous thrombosis is usually not indicated.

Pregnant women with DVT are classically treated with 
unfractionated heparin for 5 days, followed by adjusted-
dose subcutaneous heparin every 12 hours until deliv-
ery. Warfarin is contraindicated during pregnancy but is 
safe for the mother and nursing child after delivery.

Rehabilitation
There is no strict contraindication to therapeutic exer-
cises and ambulatory activities after DVT, but it is rec-
ommended that these activities be suspended until the 
patient is in the therapeutic range for heparin or has 
been receiving LMWH for 24 hours.

On the other hand, physical and occupational therapy 
ordered immediately after high-risk surgical procedures 
can greatly improve a patient’s postoperative mobility 
and lessen the chance for development of DVT.

Procedures
Vena cava fi lters are indicated in patients with DVT who 
have a high risk of bleeding or who suffered a pulmo-
nary embolism or recurrent pulmonary embolism de-
spite adequate anticoagulation. Caval interruption has 
been found to be effective in preventing subsequent 
pulmonary embolism; however, this is counterbalanced 
by the increased incidence of recurrent DVT. Patients 
who have signifi cant but temporary contraindications 
to the use of anticoagulants who receive caval interrup-
tion devices should begin taking anticoagulation medi-
cation as soon as possible.

Surgery
Surgical removal of acute DVT by thrombectomy or 
embolectomy is rarely used. It should be considered 
only in patients with massive thrombosis and compro-
mised arterial circulation who do not respond to or 
who have an absolute contraindication to thrombolytic 
therapy.

TABLE 118-4 U.S. Food and Drug Administration–Approved Uses of Low-Molecular-Weight Heparins

Name FDA-Approved Indications Dosage

Dalteparin (Fragmin) DVT prophylaxis 5000 units SC daily

Enoxaparin (Lovenox) DVT prophylaxis after knee surgery 30 mg SC q12h

DVT prophylaxis after hip surgery 30 mg SC q12h or 40 mg SC daily

DVT prophylaxis after abdominal surgery 40 mg SC daily

Inpatient treatment of acute DVT with or without PE 1 mg/kg SC q12h or 1.5 mg/kg SC daily

Outpatient treatment of acute DVT without PE 1 mg/kg SC q12h

DVT, deep venous thrombosis; PE, pulmonary embolism.
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POTENTIAL DISEASE COMPLICATIONS
If untreated, proximal DVT is linked with a 10% immedi-
ate risk of fatal pulmonary embolism and approximately 
20% higher risk of development of a severe post-throm-
botic syndrome 5 to 10 years later20 (Fig. 118-3). There 
are two predominant patterns of DVT: an ascending pat-
tern, with DVT arising in the calf veins; and a descending 
pattern, with DVT occurring initially in the iliac or com-
mon femoral vein. The descending pattern more com-
monly results in pulmonary embolus. Post-thrombotic 
syndrome is a condition characterized by chronic edema 
and debilitating pain and can lead to ulceration, infec-
tion, or in rare cases amputation. Heparin use and the 
wearing of graduated compression stockings have been 
associated with a lower risk for development of post-
thrombotic syndrome.

POTENTIAL TREATMENT 
COMPLICATIONS
All pharmacologic anticoagulation agents alter the he-
mostatic mechanisms to some extent by decreasing 
blood coagulation or platelet function, and all carry a 
risk of bleeding. Both unfractionated heparin and 
LMWH are associated with similar increased risk of 
bleeding complications. Heparin-induced thrombocy-
topenia is a potential complication of heparin use and 
is seen slightly less commonly with LMWH than with 
unfractionated heparin because of the lower affi nity of 
LMWH for platelet binding. A diagnosis of heparin-in-
duced thrombocytopenia is made when there is a 50% 
reduction in platelet count or with the presence of anti-
platelet antibodies. Once the diagnosis is made, all 
heparins are contraindicated. Skin necrosis is a rare 
complication of warfarin use, and it can be prevented if 
high-dose warfarin is delayed until the activated pro-
thrombin time is therapeutic with heparin.

References
 1. Clagett GP, Anderson FA Jr, Geerts W, et al. Prevention of venous 

thromboembolism. Chest 1998;114:531s-560s.
 2. Pineo GF, Hull RD. Prophylaxis of venous thromboembolism fol-

lowing orthopedic surgery: mechanical and pharmacological ap-
proaches and the need for extended prophylaxis. Thromb Haemost 
1999;82:918-924.

 3. Giercksky KE, Bjorklid E, Prydz H, Renck H. Circulating tissue 
thromboplastin during hip surgery. Eur Surg Res 1979;11:296-300.

 4. Camerer E, Kolsto AB, Prydz H. Cell biology of tissue factor, 
the principal initiator of blood coagulation. Thromb Res 1996;
81:1-14.

 5. Joffe SN. Incidence of postoperative deep vein thrombosis in neu-
rosurgical patients. J Neurosurg 1975;42:201-203.

 6. Flinn W, Sandager G, Silva M. Prospective surveillance for periop-
erative venous thrombosis: experience in 2643 patients. Arch Surg 
1996;131:472-480.

 7. Dahl OE, Aspelin T, Arnesen H, et al. Increased activation of co-
agulation and formation of late deep venous thrombosis follow-
ing discontinuation of thromboprophylaxis after hip replacement 
surgery. Thromb Res 1995;80:299-306.

 8. Ridker PM, Glynn RJ, Miletich JP, et al. Age-specifi c incidence rates 
of venous thromboembolism among heterozygous carriers of fac-
tor V Leiden mutation. Ann Intern Med 1997;126:528-531.

 9. Handler J, Hedderman M, Davodi D, et al. Implementing a di-
agnostic algorithm for deep venous thrombosis. Permanente 
J 2003;7:54-60.

10. Qaseem A, Snow V, Barry P, et al; Joint American Academy of 
Family Physicians/American College of Physicians Panel on Deep 
Venous Thrombosis/Pulmonary Embolism. Current diagnosis 
of venous thromboembolism in primary care: a clinical practice 
guideline from the American Academy of Family Physicians and 
the American College of Physicians. Ann Fam Med 2007;5:57-62.

 11. Segal JB, Eng J, Tamariz LJ, Bass EB. Review of the evidence on 
diagnosis of deep venous thrombosis and pulmonary embolism. 
Ann Fam Med 2007;5:63-73.

12. Anderson DR, Wells PS. Improvements in the diagnostic approach 
for patients with suspected deep vein thrombosis or pulmonary 
embolism. Thromb Haemost 1999;82:878-886.

13. Wells PS, Hirsh J, Anderson DR, et al. A simple clinical model for 
the diagnosis of deep-vein thrombosis combined with impedance 
plethysmography: potential for an improvement in the diagnostic 
process. J Intern Med 1998;243:15-23.

14. Nurmohamed MT, Rosendaal FR, Buller HR, et al. Low-molecular-
weight heparin versus standard heparin in general and orthopae-
dic surgery: a meta-analysis. Lancet 1992;340:152-156.

15. Barritt DW, Johnson SC. Anticoagulation drugs in the treatment 
of pulmonary embolism trial. Lancet 1960;1:1309-1312.

16. Snow V, Qaseem A, Barry P, et al. Management of venous thrombo-
embolism: a clinical practice guideline from the American College 

Complications from caval interruption include prob-
lems related to the deployment of the device; these are 
hemorrhage, hematomas, femoral artery injury, femoral 
nerve injury, infections, and site pain. Other potential 
complications are pulmonary embolism from emboli-
zation of the device itself or from failure of the device to 
capture an embolus. A clot-laden caval interruption de-
vice can impede venous fl ow and lead to lower extrem-
ity venous stasis and edema.

Osteoporosis and risk of bone fracture are associated 
with long-term use of unfractionated heparin21; the risk 
may be less with LMWH.22

Contraindications to the use of warfarin include ad-
vanced liver disease, alcoholism, poor compliance with 
follow-up, poorly controlled hypertension, major bleed-
ing, and pregnancy.23

FIGURE 118-3. Frontal image from subsequent perfusion lung scan 
shows a corresponding peripheral, pleura-based area of absent perfusion 
in the right midlung. The ventilation study showed diminished ventilation 
in this area, consistent with pulmonary embolus with infarction, and mul-
tiple unmatched perfusion defects were seen in the left lung, indicating 
that the probability of pulmonary embolism is high. (Reprinted with per-
mission from Katz DS, Math KR, Groskin SA. Radiology Secrets. Philadelphia, 
Hanley & Belfus, 1998:55.)

Ch118_657-664-X4007.indd 662Ch118_657-664-X4007.indd   662 3/18/08 4:37:06 PM3/18/08   4:37:06 PM



Deep Venous Thrombosis 663

of Physicians and the American Academy of Family Physicians. 
Ann Fam Med 2007;5:74-78.

17. Siragusa S, Cosmi B, Piovella F, et al. Low-molecular-weight hepa-
rins and unfractionated heparin in the treatment of patients with 
acute venous thromboembolism: results of a meta-analysis. Am J 
Med 1996;100:269-277.

18. Young L, Ockelford P, Milne D, et al. Post-treatment residual 
thrombus increases the risk of recurrent deep vein thrombosis 
and mortality. J Thromb Haemost 2006;4:1919-1924.

19. Shrivastava S, Ridker PM, Glynn RJ, et al. D-dimer, factor VIII co-
agulant activity, low intensity warfarin and the risk of recurrent ve-
nous thromboembolism. J Thromb Haemost 2006;4:1208-1214.

20. Bounameaux H, Ehringer H, Gast A, et al. Differential inhibi-
tion of thrombin activity and thrombin generation by a syn-
thetic direct thrombin inhibitor (napsagatran, Ro 46-6240) and 

unfractionated heparin in patients with deep vein thrombosis. 
ADVENT Investigators. Thromb Haemost 1999;81:498-501.

 21. Dahlman T. Osteoporotic fractures and the recurrence during preg-
nancy and puerperium in 94 women undergoing thromboprophy-
laxis with heparin. Am J Obstet Gynecol 1983;168:1265-1270.

22. Monreal M, Lafoz E, Olive A, et al. Comparison of subcutane-
ous unfractionated heparin with a low molecular weight heparin 
(Fragmin) in patients with thromboembolism and contraindica-
tions to coumadin. Thromb Haemost 1994;71:7-11.

23. Hoppenfeld S. Physical Examination of the Spine and Extremities. 
Norwalk, Conn, Appleton & Lange, 1976.

Ch118_657-664-X4007.indd 663Ch118_657-664-X4007.indd   663 3/18/08 4:37:07 PM3/18/08   4:37:07 PM



R E H A B I L I T A T I O N

Dementia 119
Jatin Dave, MD, MPH, and Melvyn Hecht, MD

665

DEFINITION
Dementia is a syndrome of acquired deterioration in 
cognitive abilities severe enough to interfere with so-
cial or occupational functioning. More than 55 ill-
nesses causing dementia can be categorized by local-
ization (cortical, frontal, or subcortical) or by etiology 
(Table 119-1).19 Cortical dementias like Alzheimer 
disease predominantly affect the cerebral cortex; sub-
cortical forms like Parkinson disease and vascular de-
mentia primarily affect the basal ganglia, thalamus, 
and deep white matter. Subcortical dementias are 
characterized by a slowness and rigidity of thinking 
rather than by prominent memory loss, language 
problems, and impairment of visual-spatial function-
ing. Some disorders, like dementia with Lewy bodies, 
display signs of both cortical and subcortical dysfunc-
tion. Although its prevalence increases steadily with 
age, nearly doubling every 5 years after the age of 
60 years, dementia is never a normal part of aging 
even in the oldest old.20

According to the Diagnostic and Statistical Manual of 
Mental Disorders, dementia is characterized by memory 
impairment and one (or more) of the following cogni-
tive disturbances: aphasia (language disturbance), 
apraxia (impaired ability to carry out motor activities 
despite intact motor function), agnosia (failure to rec-
ognize or to identify objects despite intact sensory 
function), and disturbance in executive functioning 
(i.e., planning, organizing, sequencing, abstracting). 
Cognitive impairment causes signifi cant impairment in 
social or occupational functioning, and these distur-
bances are not due to delirium or depression. Preva-
lence, clinical presentation, risk factors, and other char-
acteristics of common subtypes of dementia are 
summarized in Table 119-1.

Synonyms
Senile dementia 
Alzheimer dementia 
Multi-infarct dementia

ICD-9 Codes
042  Human immunodefi ciency virus (HIV) disease
046.1  Jakob-Creutzfeldt disease
046.2  Subacute sclerosing panencephalitis
046.3  Progressive multifocal leukoencephalopathy
290.0  Senile dementia, uncomplicated
290.1  Presenile dementia
290.2  Senile dementia with delusional or depressive features
290.3  Senile dementia with delirium or confusion
290.4  Arteriosclerotic dementia
291.1  Alcohol amnestic syndrome
291.2  Other alcoholic dementia
292.82 Drug-induced dementia
292.83 Drug-induced persisting amnestic disorder
293.0   Acute delirium (use for acute metabolic 

encephalopathy)
293.1   Subacute delirium (use for subacute metabolic 

encephalopathy)
294.0  Amnestic syndrome
294.1  Dementia in conditions classifi ed elsewhere
294.8  Other specifi ed organic brain syndromes (chronic)
294.9  Unspecifi ed organic brain syndrome (chronic)
310.0   Specifi ed nonpsychotic mental disorders due to 

organic brain damage
311  Depressive disorder, not elsewhere specifi ed
331.0  Alzheimer disease
331.11 Pick disease
331.19 Other frontotemporal dementia
331.2  Senile degeneration of the brain
331.3  Communicating hydrocephalus
331.4  Obstructive hydrocephalus
331.82 Dementia with Lewy bodies
 Dementia with parkinsonism
331.89 Other cerebral degenerations
331.9  Cerebral degeneration, unspecifi ed
332.0  Parkinson disease
348.1  Anoxic brain damage
348.30 Encephalopathy, unspecifi ed

434.91 Ischemic stroke
434.11 Embolic stroke
434.01 Thrombotic stroke
437.0  Cerebral atherosclerosis
437.7  Transient global amnesia
780.93 Memory loss of unknown cause
784.69 Agraphia, apraxia, acalculia, agnosia
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Alzheimer disease is the most common cause of demen-
tia, accounting for up to two thirds of cases and affect-
ing 4.5 million people in the United States. It is also 
the eighth leading cause of death, and its prevalence is 
predicted to rise even more, to 13.5 million by 2050, 
without advances in therapy.21 Of those affected by 
Alzheimer disease, 7% are 65 to 74 years old, 53% are 
75 to 84 years old, and 40% are older than 85 years; 
thus, it is predominantly a disease of older adults.22 The 
exact etiology of Alzheimer disease is not known; many 
hypotheses based on amyloid, tangle-tau protein, cho-
linergic pathway, and infl ammation have been pro-
posed. Neuronal loss with decreased acetylcholine is 
the hallmark of Alzheimer disease. Intracellular clumps 
of tau proteins–neurofi brillary tangles and extracellular 
ß-amyloid plaques contribute to neuronal loss. Whether 
neuronal loss is mediated through infl ammation re-
mains controversial. ß-Amyloid plaques develop when 
amyloid precursor protein is cleaved at a ß- or �-secre-
tase site instead of an �-secretase site. Common risk 
factors for Alzheimer disease are age, female sex, genetic 
factors (apolipoprotein E e4 allele), history of head in-
jury, and Down syndrome.23-27 The current diagnostic 
approach is a diagnosis of inclusion based on defi ned 

criteria rather than the previously recommended diag-
nosis of exclusion.

Although vascular dementia was traditionally thought to 
be associated with a stroke, studies support cognitive 
impairment in patients with small-vessel disease with 
white matter changes. Dementia with Lewy bodies is a 
dementia sharing clinical and pathologic characteristics 
with both Parkinson disease and Alzheimer disease. To 
differentiate this from Parkinson disease–associated de-
mentia, current diagnostic criteria restrict a diagnosis of 
dementia with Lewy bodies to patients with parkinson-
ism who develop dementia within 12 months of the 
onset of motor symptoms. Considering that many pa-
tients with dementia have pathologic fi ndings consistent 
with more than one type of dementia, mixed dementia 
is likely to be the second most common type of demen-
tia. The most common type of mixed dementia is a 
combination of Alzheimer disease and vascular demen-
tia. Recent research supports a common pathway based 
on vascular disease leading to Alzheimer disease.28

Although the distinction between normal and patho-
logic cognitive changes still remains controversial, stud-
ies suggest that many of the changes attributed to aging 

TABLE 119-1 Characteristics of Common Types of Dementia*

Alzheimer Disease Vascular Dementia1
Dementia with 
Lewy bodies2,3 Mixed Dementia4

Prevalence5 50% 15% 15% 15%

Clinical presentation Insidious onset and 
slow progression 
with profound 
memory loss

Relatively abrupt onset, fl uctuating 
stepwise progression; often his-
tory of stroke, focal neurologic 
signs, gait abnormalities 

Left hemisphere: language problems 
Right hemisphere: visual-spatial/ 

simultaneous processing

Visual hallucinations, 
fl uctuating cogni-
tion, parkinsonism 
with rapid pro-
gression

Usually combination 
of AD � VaD

Diagnostic criteria NINDS Hachinski Ischemic Scale or 
NINDS-AIREN6-9

McKeith 1996 and 
200610-15

Hachinski Ischemic 
Scale

ADDTC
NINDS-AIREN
DSM-IV-TR

Neuropathology hallmark Extracellular amyloid 
plaques and intra-
cellular neurofi bril-
lary tangles

Cerebral infarctions, often multi-
ple lacunar infarctions and peri-
ventricular leukoencephalopa-
thy (white matter changes)

Lewy body, a spheri-
cal intraneuronal 
cytoplasmic 
inclusion

Features of both AD 
and VaD

Risk factors Age, family history, sex, 
apolipoprotein E 

History of stroke, age, smoking, 
obesity, hypertension, and 
diabetes

Both AD and VaD

Imaging Hippocampal atrophy Lacunes, infarctions on 
imaging16,17

— Mixed features of AD 
and VaD

Estimated natural course 5-7 years18 5-7 years 3-4 years 5-7 years

Treatment ChE-I ChE-I; therapy for vascular risk 
factors

Avoid neuroleptics, 
ChE-I

ChE-I; therapy for 
vascular risk factors

*Other causes of dementia, which contribute less than 5% in aggregate, are frontotemporal dementia (including Pick disease), Parkinson disease–associated 
dementia, Huntington disease, progressive supranuclear palsy, and Wilson disease.
AD, Alzheimer disease; VaD, vascular dementia; NINDS, National Institute of Neurological Disorders and Stroke; AIREN, Association Internationale pour la Recher-
ché et l’Enseignement en Neurosciences; ADDTC, Alzheimer Disease Diagnostic and Treatment Centers; DSM-IV-TR, Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition, text revision; ChE-I, cholinesterase inhibitors.
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in the past in fact refl ect the effect of unrecognized mild 
cognitive disorder. Considering the insidious nature of 
the symptoms of dementia, many early warning signs 
are often dismissed as “normal aging.” The continuum 
between normal aging, mild cognitive impairment, and 
dementia is described in Table 119-2. Although the ex-
act distinction between these entities across the contin-
uum is not clear, recent data support the contention 
that a decrease in episodic memory (learning and reten-
tion, but no impairment in retrieval) and preserved 
implicit memory (ability to perform a learned skill) 
could be associated with normal aging. Mild cognitive 
impairment is a transitional state between normal aging 
and dementia in which cognitive defi cits are present but 
have not yet affected function.29-36

SYMPTOMS
A careful history of the presentation with special atten-
tion to symptom duration and course, impact on work 
and family life, and issues of driving and home safety is 
essential to narrow the differential and to assess the se-
verity. This often requires a detailed clinical history in-
volving the individual with cognitive defi cit and a reli-
able primary informant, with a focus on a previous 
baseline of education and evidence of changes in occu-
pational role and functionality. Interview of the patient 
and caregiver separately not only enables the coopera-
tion and language skills to be assessed without being 
masked by interruptions or assistance from the care-
giver but provides information on poor insight. Symp-
toms associated with dementia can be grouped into 
cognitive, functional, and behavioral disturbances.

Common cognitive changes include memory loss (for-
getting names of loved ones, missing multiple appoint-
ments, inability to remember recent important family 
gatherings, and inability to manage medications), lan-
guage disturbances (word-fi nding diffi culties, parapha-
sic errors), and loss of writing or reading abilities often 
noticed by family members of patients. Recent classifi -
cation of memory based on type of information is pre-
ferred to traditional distinction of short-term or long-
term memory loss. Useful classifi cation includes 
declarative (explicit) and nondeclarative (implicit) 
memory. Declarative memory is further classifi ed into 
episodic (events, context related: What did you eat this 
morning?), semantic (factual: Who is the president?), 

and working memory. Nondeclarative memory includes 
procedural memory (such as driving). Improved under-
standing of the types of memory may aid clinicians in 
diagnosis and treatment. Patients with Alzheimer dis-
ease commonly progress from anterograde episodic 
memory loss (e.g., forgetting recent personal and family 
events, repetitive questioning) and delayed recall during 
earlier stages to semantic memory loss (e.g., loss of ver-
bal fl uency and previously known facts).37

Impaired function often resulting in social withdrawal 
includes diffi culty in driving, shopping, cooking, house-
keeping, dressing, and feeding.

Common behavioral disturbances are apathy, poor in-
sight into symptoms, agitation with verbal abuse, sun-
downing, wandering, crying spells, poor impulse con-
trol, poor safety awareness or judgment, and change in 
sleep habits.

In addition to focusing on clues to confi rm and to dif-
ferentiate the diagnosis of dementia, it is important to 
look for potentially reversible causes of cognitive im-
pairment (e.g., depression, medications) and other con-
tributing factors (e.g., stroke).

PHYSICAL EXAMINATION
Physical examination in patients thought to have de-
mentia focuses on assessment of cognition, neurologic 
and other relevant systems, and functional limitations 
to establish the diagnosis of dementia, to look for 
clues of specifi c subtypes, and to assess the severity of 
dementia.

Cognition
Cognitive assessment is a two-step process: detection of 
high-risk patients through screening and confi rmation 
of cognitive impairment through detailed cognitive as-
sessment, history, physical examination, and caregiver 
interview. The use of cognitive screening and assess-
ment in real life remains limited despite availability of 
more than 25 instruments from which to choose.38,39

Clinicians often do not screen for cognitive problems 
even in high-risk older adults unless they receive com-
plaints from either the patient or the caregivers. This is 
unfortunate because the majority of patients with de-
mentia do not complain about it to their health care 

TABLE 119-2 Normal Aging, Mild Cognitive Impairment, and Dementia

Normal Aging Mild Cognitive Impairment Dementia

Cognition Decline in ability to learn new informa-
tion, working memory, simultaneous 
processing, and perceptual speed

Memory loss only Memory loss and at least one of 
the following: aphasia, apraxia, 
agnosia, executive dysfunction

Social and occupational 
functioning

Preserved Preserved Impaired

IADL, ADL Can be preserved Can be impaired/preserved Impaired/usually impaired

IADL, instrumental activities of daily living; ADL, activities of daily living.
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providers. Barriers to assessment of patients cognitively 
include lack of time, potential for causing the patient 
discomfort, and inadequacies of available tests and ef-
fective treatment.40 Nonetheless, we recommend a brief 
screening test in all older adults (arbitrarily defi ned as 
older than 65 years) and targeted detailed cognitive as-
sessment in patients with abnormal screening test re-
sults. For clinicians who are not comfortable in assess-
ing cognition in detail, a referral to a neuropsychologist 
may be considered. Newer computer-based cognitive 
testing can also be used. Neuropsychological assess-
ment includes assessment of executive function (letter 
and category frequency), orientation (to time and 
place), attention (naming of days or months), memory 
(three-item recall, address recall), language (naming, 
writing, comprehension), visual-spatial function (clock 
drawing, overlapping pentagons), problem solving, and 
personality.

Neurologic and Other Relevant Systems
A thorough neurologic examination focusing on any 
focal signs, involuntary movements, fasciculations, and 
gait disturbances and an ocular examination are impor-
tant. Examination of other systems is useful in looking 
for a multisystem disease. This includes signs suggestive 
of immune (lymphadenopathy), infective (rash, or-
ganomegaly), malignant (hepatomegaly), nutritional 
(cachexia), or vascular (abnormal pulses) disorders.

DIAGNOSTIC STUDIES
Commonly recommended diagnostic studies include 
full blood count, electrolyte determinations, liver func-
tion, thyroid function, and serum vitamin B12 concen-
tration.41,42 Specialized tests are indicated only when 
historical features or clinical circumstances suggest in-
fections, infl ammatory diseases, or exposure to toxins. 
Unless the patient has some specifi c risk factor or evi-
dence of prior syphilitic infection or resides in one of 
the few areas in the United States with high numbers of 
syphilis cases, screening for the disorder in patients with 
dementia is not justifi ed.

A non–contrast-enhanced computed tomographic scan 
or magnetic resonance imaging examination to exclude 
rare but potentially correctable causes of dementia 

(e.g., subdural hematoma, hydrocephalus) is recom-
mended. The role of functional and quantitative neuro-
imaging is currently being defi ned and awaits further 
studies. Cerebral biopsy is rarely indicated in patients 
thought to have a treatable cause (cerebral vasculitis) 
and in the absence of an alternative diagnosis.

TABLE 119-3 Differentiation of Dementia from Delirium and Depression

Dementia Depression Delirium

Onset Insidious (years) Subacute (weeks to months) Abrupt (days)

Consciousness Clear Clear Altered

Primary defect Memory Mood Attention

Hallmark Progression Response to treatment Fluctuation

Patient may report “I do not have memory 
problems.” (refl ecting 
lack of insight) 

“I have very serious memory 
problems.” (refl ecting 
hopelessness)

“Why do we care about 
memory?” (refl ecting 
disorganized thinking)

Differential Diagnosis

Reversible dementia (also called pseudodementia)

Mild cognitive impairment

Age-associated cognitive impairment (see Table 119-2).

Other Causes of Potentially Reversible Cogni-
tive Impairment
Delirium (commonly due to medications, infections, 
electrolyte abnormalities, and renal failure)

Depression

Anemia

Thyroid disorder

Intracranial pathologic processes (subdural hema-
toma, brain tumors).43

Earlier studies suggested that reversible dementia 
accounts for up to one fi fth of all dementia cases. 
However, studies have shown that although 10% of 
cases appear to have a potentially reversible cause, de-
mentia is actually reversed in less than 1% of cases.44-47

Thus, many cases of reversible dementia are associated 
with comorbid conditions. The course of dementia is 
usually progressive, and many so-called reversible 
dementias may not be cured, but the disease course 
may be modifi ed through treatment of the potentially 
reversible cause. Differential diagnosis of dementia 
from delirium is characterized in Table 119-3.

In addition, it is important to differentiate various 
subtypes of dementia. For example, in patients with 
Alzheimer disease, the progression is usually steady 
decline, whereas the decline in patients with vascular 
dementia tends to be stepwise.
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TREATMENT
Initial
An approach to patients with persistent cognitive im-
pairment is illustrated in Figure 119-1.

The treatment of dementia halts the progression of dis-
ease, minimizes disability, and reduces caregiver stress 
(Table 119-4).48 The focus of management shifts from 
reducing the rate of progression, vascular risk reduction, 
and family and patient education in earlier stages to pal-
liative care or hospice, discussion of artifi cial feeding, 

and management of behavioral symptoms during later 
stages.

Goals for halting the progression of dementia are to 
stop neuronal death and to replace dead neurons. No 
drugs have been defi nitively shown to alter the histo-
pathologic progression of dementia. As a result of the 
awareness of a common vascular pathway, aggressive 
treatment of vascular risk factors (hypertension, hyper-
cholesterolemia, and diabetes) may help mitigate the 
progressive course.49

Although studies question the effi cacy of cholinesterase 
inhibitors and suggest a minimal benefi t on a rating 
scale, we recommend a trial of cholinesterase inhibitors 
after discussion of risks and benefi ts in patients with 
mild to moderate Alzheimer disease. Our recommenda-
tion is based on current guidelines and individual stud-
ies. Current evidence does not support superiority of 
one agent over others despite frequent claims by indi-
vidual studies. Three commonly used cholinesterase 
inhibitors are donepezil (starting dose: 5-mg tablet 
daily; the dose can be increased to 10 mg in 4 to 
6 weeks), rivastigmine (starting dose: 1.5-mg capsule 
daily; the dose can be increased in 2 weeks to 1.5 mg 
twice daily to a target dose of 6 to 12 mg during the next 
4 to 6 weeks; also available in liquids), and galantamine 
(starting dose: 4-mg tablet twice daily; the dose can be 
increased in 4 weeks to 8 mg twice daily). Memantine is 
an N-methyl-D-aspartate receptor antagonist approved 
for moderate to severe Alzheimer disease. Studies sup-
port the benefi cial effect of memantine on neuropsychi-
atric symptoms.

These drugs will not cure Alzheimer disease but only 
slow its progression. Another challenge in use of cho-
linesterase inhibitors is the diffi culty in accurately 
measuring the patient’s response, given the progressive 
nature of the disease. Currently, this requires measure-
ment of the slope of decline, which is not practical for 
most clinical settings. Data on non–Alzheimer disease 
dementia are limited; however, the current literature 
supports use of cholinesterase inhibitors in vascular 
dementia, dementia with Lewy bodies, and mixed 
dementia.

Patient with cognitive impairment
(either as reported by patient/carer
or on mental status examination)

• Look for and treat common potentially
  reversible causes
• Detailed cognitive/neuropsychological
  assessment
• Assessment of impact of cognitive
  impairment on function

Is there dementia? Is there cognitive impairment
not severe enough to be

defined as dementia?

Mild cognitive
impairment (MCI)

Other cognitive
impairments

(pre-MCI)

What is the likely
cause of dementia?
(see Table 119-1)

How severe
is dementia?

Treatment plan based
on subtypes, stage

of disease, and patient’s
preferences

FIGURE 119-1. An approach to a patient with cognitive impairment.

TABLE 119-4 Overview of Management of Patients with Dementia

Halting the Progression Noncognitive Symptoms Caregiver Support

Early Cholinesterase inhibitors 
Vascular risk factor manage-

ment and management 
of comorbid condition

Treatment of depression if appropriate
Reorientation therapy

Education on manifestation and natural history as 
well as tips on communicating with patients 
with dementia

Advanced care planning
Support groups

Moderate Cholinesterase inhibitors 
plus memantine 

Cautious and time-limited trial of anti-
psychotics

Memantine

Introduce palliative care

Late Role unclear at this stage Sedatives
Round-the-clock low-risk analgesics like 

acetaminophen if pain suspected

Hospice
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Other pharmacologic interventions, including the use 
of antioxidants, anti-infl ammatory agents, and hor-
mone replacement therapy, are not recommended. 
Studies have shown an increase in risk of dementia 
with hormone replacement therapy50 and an increase 
in all-cause mortality with high-dose vitamin E 
(�400 IU/day).51 A trial of anti-infl ammatory drugs in 
Alzheimer disease was suspended because of safety 
concerns.52

Abnormal behaviors not controlled by nonpharmaco-
logic measures can be managed with cautious use of 
low-dose antipsychotics, anxiolytics, and antidepres-
sants. Depression is especially common, and consider-
ation of the use of antidepressants early in the disease 
is important. The management of behavior needs to 
be balanced with the high side effect profi le of these 
drugs. A trial of collaborative care for the treatment of 
Alzheimer disease resulted in signifi cant improvement 
in the quality of care and in behavioral and psycho-
logical symptoms of dementia among primary care 
patients and their caregivers.53

After a relationship has been established with the cli-
nician, but early in the treatment, the patient and fam-
ily should be counseled about a living will, health care 
proxy, and guardianship. An excellent resource for this 
information is the local chapter of the Alzheimer’s 
Association.

Caregiver Support

Caring for patients with dementia can be diffi cult and 
challenging. Education about common symptoms, 
strategies to deal with those symptoms, and available 
resources including caregiver support groups offered 
through local Alzheimer disease associations may help 
in preventing caregiver burnout.

Rehabilitation
The importance of dementia for rehabilitation is two-
fold. The fi rst focuses on the importance of dementia in 
the rehabilitation of general patients, the second on 
cognitive rehabilitation of patients with dementia.

The rehabilitation of patients with dementia is compli-
cated by their cognitive status. Dementia is one of the 
key contributors to the development of functional de-
pendence and decline.54 It is also likely to be associated 
with less favorable outcome of rehabilitation after hip 
fracture.55-57 Whereas there is no specifi c literature on 
the interventions for recovery of patients with demen-
tia, several factors aid in their rehabilitation. These fac-
tors include motivation and socialization, limited real-
ity orientation (when possible, but it is not always 
practical, especially in advanced stages), and cognitive 
training. For motivation training, the team often looks 
for early success, such as recognition of the patient’s 
room. In reality orientation, opportunities are taken as 
often as possible to orient the patient to time and 
place. In cognitive training, patients are given tech-
niques to aid memory (e.g., use of cue cards to recite 
the names of objects).

The rehabilitation of the patient with dementia calls for 
a coordinated approach with the clinical therapist and 
family. Obviously, the patient should participate as 
much as he or she can in the decision-making process 
and treatment. Many patients, despite their cognitive 
dysfunction, are able to make choices and to rationalize 
their choices appropriately and are therefore competent 
to make clinical decisions. Therapists and family mem-
bers who are working with the patients should be well 
versed in the use of diversionary tactics and visual, tac-
tile, and auditory instructions. The environment needs 
to be home-like, with visual aids such as family portraits 
and other familiar objects. Use of appropriate lighting 
to prevent reversal of day-night cycle and sundowning is 
critical.

Repeated measures of functional abilities that are rele-
vant to the patient’s environment as well as the adapta-
tion of the environment to the patient’s abilities are es-
sential elements of the rehabilitation process. Careful 
assessment of the patient’s function, setting of realistic 
goals, and prevention of secondary disabilities such as 
urinary incontinence, depression, and weight loss, as 
well as complications of immobility such as skin break-
down, are all key to successful management of the pa-
tients with dementia.

Physical therapy intervention focuses on gait and mo-
bility. As dementia progresses, impairment in gait be-
comes a problem. This impairment can be complicated 
by degenerative joint changes and orthopedic injuries. 
The physical therapist needs to provide a good deal of 
repetition with respect to the exercise program. Tech-
nique should be individualized to the level of cognition 
and abnormal behaviors.

Occupational therapy is especially important in the re-
habilitation of the patient with dementia. The primary 
focus in this area is on dressing, toileting, and cogni-
tion. The occupational therapist is a key member of the 
treatment team, responsible for structuring activities 
such as reminiscence, reality orientation, and group-
based therapies. The speech and language pathologist 
evaluates and guides decisions in regard to feeding and 
swallowing.

Most data on the effectiveness of rehabilitation come 
from studies of geriatric assessment units, and results 
to date have been both positive and negative.58 In 
addition to functional goals, focus on improvement 
of medical conditions and reduction of polypharmacy 
is vital. Certainly, rehabilitation of the patient with 
dementia needs further research focus to improve 
techniques.

Cognitive rehabilitation in patients with dementia in-
cludes both pharmacologic and nonpharmacologic in-
terventions. In recent years, nonpharmacologic inter-
vention has gained more attention because of limited 
effi cacy of drug treatments. Two key interventions are 
multistrategy approaches (reality orientation, reminis-
cence therapy, and validation therapy) and cognitive 
methods.59 A Cochrane review concluded that there is 
no evidence for the effectiveness of cognitive training 
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and insuffi cient evidence to evaluate individualized 
cognitive rehabilitation.60

Assessment of functional limitations, especially in driv-
ing, is often an important yet challenging issue because 
of the potential change in lifestyle that the loss of driv-
ing privileges would entail. Patients with mild dementia 
(defi ned as dementia rating score of 0.5) should be re-
ferred for independent driving assessment; those with 
more advanced dementia (defi ned as dementia rating 
score of 1) should not be allowed to drive.61

Procedures
The only procedural intervention currently performed is 
shunting for normal pressure hydrocephalus. Results 
are mixed but can be dramatic in patients diagnosed 
early with this disorder.

Surgery
In a rare form of dementia caused by normal pressure 
hydrocephalus, ventriculoperitoneal shunt is indicated.

POTENTIAL DISEASE COMPLICATIONS
Complications from dementia become more devastat-
ing with progression of the disease. Three of the most 
signifi cant complications are depression, loss of cogni-
tive function, and loss of motor function.

Depression can be a signifi cant issue, especially early 
during the disease process, when patients recognize 
their defi cits. Untreated and undiagnosed depression 
can produce worsening cognitive function, increased 
confusion, and social isolation. Loss of cognitive func-
tion brings the loss of independence. Driving should be 
assessed as discussed earlier. Patients may benefi t from 
alert devices like Lifeline and may require 24-hour su-
pervision. Swallowing diffi culties and decrease in oral 
intake are common with advanced disease. The role of 
artifi cial nutrition is often limited and has not been 
shown to be of any benefi t in almost all studies. How-
ever, this should be discussed early in the course to in-
corporate the patient’s preferences.

Loss of motor function often results in falls, fractures, 
aspiration pneumonia, and contractures, eventually 
causing skin breakdown. The most common cause of 
death remains infection.

POTENTIAL TREATMENT 
COMPLICATIONS
Common side effects of cholinesterase inhibitors are 
gastrointestinal (diarrhea, nausea, anorexia) and neuro-
psychiatric (agitation, nightmares). If the patient or 
family requests artifi cial feeding, the patient commonly 
removes the tube because of limited cognitive abilities. 
Postsurgical patients with dementia often have worsen-
ing of their cognitive abilities, requiring, on average, 
6 weeks to return to baseline functioning.
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DEFINITION
The incidence of lower limb amputations due to vascu-
lar disease has increased in the United States by ap-
proximately 20% during the last decade, disproportion-
ately in minorities.1 Persons with diabetes mellitus and 
peripheral vascular disease should be identifi ed and 
prophylactic foot education and preventive care insti-
tuted to reduce the risk of limb loss.2

Atherosclerosis is a vascular disease that can involve the 
peripheral arterial system. The American Heart Associa-
tion estimates that 8 to 12 million Americans have pe-
ripheral arterial disease and that nearly 75% of them 
are asymptomatic. Annually, approximately 1 million 
Americans develop symptomatic peripheral arterial dis-
ease.3 Despite its association with other cardiovascular 
risks including stroke and heart disease, only 25% of 
Americans with peripheral arterial disease are undergo-
ing active treatment.4 Major risk factors associated with 
the development of peripheral arterial disease or that 
accelerate its progression are high plasma cholesterol 
and lipoprotein levels, cigarette smoking, hyperten-
sion, diabetes, hyperhomocysteinemia, older age, and 
positive family history.5,6 African American ethnicity is 
a strong and independent risk factor for peripheral ar-
terial disease.7 Given that men have more risk factors 
for peripheral arterial disease, they are more commonly 
affected than women.

Diabetes mellitus, a multisystem disease, causes two 
conditions that place the foot at high risk for amputa-
tion: polyneuropathy and peripheral arterial disease. 

Diabetes affects about 20.8 million Americans.8 Diabe-
tes is also on the rise in the United States, particularly 
in African American and Hispanic populations.9 Risk 
factors for diabetic ulcers include male sex, hyperglyce-
mia, and diabetes duration. Foot ulcers often result 
from severe macrovascular disease, and diabetic neu-
ropathy exacerbates the risk.10 More than 60% of non-
traumatic lower limb amputations occur in people with 
diabetes, underscoring the need to prevent foot ulcers 
and subsequent limb loss.7 Multidisciplinary clinics 
that identify and manage patients with at-risk feet have 
demonstrated impressive reductions of 44% to 85% 
in the incidence of foot ulcers and lower limb amputa-
tions.11 Minor foot trauma in a person with poor un-
derlying circulation and reduced sensation can lead 
to skin ulceration. Skin ulcers can fail to heal and pro-
gress such that an amputation becomes necessary. This 
sequence of events can often be prevented before 
it starts.

Numerous studies have further shown that attention to 
lifestyle modifi cation can dramatically reduce progres-
sion to type 2 diabetes.12 The importance of identifying 
and treating a core set of risk factors (pre-diabetes, 
hypertension, dyslipidemia, and obesity) cannot be 
overstated.13

SYMPTOMS
The patient with a diabetic foot may demonstrate no 
symptoms because peripheral neuropathy can result 
in a lack of sensation. Peripheral neuropathy can 
mask painful ulcers and ischemic skin. Foot collapse 
due to Charcot joints can progress asymptomatically. 
Alternatively, diabetic patients can have pain sensa-
tions in the feet from sensory polyneuropathy, includ-
ing burning, tingling, and painful numbness. Because 
of impaired sensation, patients may report imbalance 
and falls.

Persons with peripheral arterial disease have claudication 
pain with walking because of insuffi cient arterial blood 
supply to meet the demand of exercising muscles. Pain 
with vascular claudication is typically in the calf and 
worsened with ambulation. Patients with neurogenic 
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Synonyms
Vascular claudication
Poor circulation
Arterial insuffi ciency

ICD-9 Codes
250.00A Diabetes mellitus
250.60A Diabetic neuropathy
443.9AX Peripheral arterial disease
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claudication due to spinal stenosis can have similar leg 
or calf pain with walking but must bend at the waist or 
sit to relieve the symptoms. Persons may present with 
gangrene, ischemic ulcers on the distal foot, or, when 
peripheral arterial disease is severe, pain at rest.

PHYSICAL EXAMINATION
In addition to a standard physical examination, special 
neurovascular areas must be highlighted.14

Inspect the skin for ulcerations, cracks, callus, or trophic 
changes (thin, shiny skin; distal hair loss).

Evaluate for any foot deformities that predispose it to 
abnormal stress distribution. These include hammer 
toes, collapsed foot arches due to Charcot joints, high 
arched feet due to intrinsic muscle atrophy from poly-
neuropathy, and changes in stress distribution from 
previous toe or ray amputations.

Assess distal pulses, particularly dorsalis pedis and pos-
terior tibial. If they are absent or weak, it suggests the 
need for further testing for vascular integrity.

Assess sensation because persons with loss of protec-
tive sensation are at risk for skin ulceration. The 
instrument most frequently used for detection of neu-
ropathy is the nylon Semmes-Weinstein monofi la-
ment. Inability to perceive the 10-g force applied by a 
5.07 monofi lament is associated with clinically sig-
nifi cant large-fi ber neuropathy.15

Evaluate gait and balance. Peripheral neuropathy pre-
disposes to falls and skin trauma.

Probe any ulcers with sterile cotton-tipped applicators 
or surgical instruments. If bone is reached, this identi-
fi es persons with osteomyelitis, and other special bone 
imaging is unnecessary.16

Assess shoes for uneven wear patterns, areas of break-
down, and width of the toe box. Assess skin for redness 
and pressure points.

FUNCTIONAL LIMITATIONS
Persons with diabetes can develop peripheral polyneu-
ropathy with loss of position sense and weakness. These 
can lead to gait instability and falls. Persons with pe-
ripheral arterial disease are often limited in community 
ambulation and vocational activities because of pain 
from claudication.

DIAGNOSTIC STUDIES
There are many noninvasive and invasive tests for pe-
ripheral arterial disease that are beyond the scope of this 
discussion. Angiography can identify surgically remedi-
able lesions.

In the outpatient setting, the ankle-brachial index, a 
ratio of Doppler-recorded systolic pressures in the 
lower and upper extremities, is a convenient, accurate, 

noninvasive test that provides objective assessment of 
lower limb vascular status for screening and diagnosis 
of peripheral arterial disease.17 An index of 0.9 or 
higher is normal; 0.7 to 0.9 indicates mild disease, 
0.4 to 0.6 refl ects moderate to severe disease, and less 
than 0.4 indicates severe disease.11 Measurement of 
systolic pressure in the foot also provides a measure of 
arterial integrity.

Transcutaneous oximetry is the best method for assess-
ment of cutaneous ischemia.11 Transcutaneous oximetry 
pressures of more than 40 mm Hg are normal; pressures 
of 20 to 40 mm Hg indicate moderate disease, and po-
tential for healing of a skin ulcer is less likely. With pres-
sures below 20 mm Hg, severe skin ischemia is present, 
and skin healing is poor.

Systolic blood pressures in the foot are also helpful in 
quantifying the severity of ischemia. Persons with is-
chemic ulcers and ankle systolic pressures of less than 
40 to 60 mm Hg are considered to have severe ischemia. 
Persons with persistently recurring ischemic rest pain 
and ankle systolic pressures of 50 mm Hg or less are 
severely involved. Frank ulceration and gangrene of 
the foot or toes with an ankle pressure of less than 
50 mm Hg refl ects severe limb ischemia.11

If a person complains of numbness in the legs or 
feet or has low back pain, electrodiagnostic testing 
should be conducted to identify whether peripheral 
polyneuropathy is present or whether lumbosacral 
radiculopathy is responsible for these symptoms. 
Nerve conduction study fi ndings may include reduced 
sensory and motor amplitude, latencies, and slowed 
conduction velocity. Electromyographic fi ndings in 
radiculopathy include increased insertional activity, 
abnormal spontaneous activity, and changes in motor 
unit morphology; when these electromyographic fi nd-
ings are seen in a myotomal pattern, this suggests 
radiculopathy.

Differential Diagnosis5

Nonvascular
Neurogenic claudication from lumbar spinal stenosis

Calf pain due to S1 radiculopathy

Foot pain due to plantar fasciitis

Pain in legs and feet due to polyneuropathy

Arthritis of the hips

Restless legs syndrome

Vascular
Arterial embolus

Deep venous thrombosis

Thromboangiitis obliterans (Buerger disease)
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TREATMENT
Initial
Risk Factor Modifi cation

Cigarette smoking is the most important risk factor for 
development of peripheral arterial disease.18 Smoking 
cessation reduces the disease progression, lowering rates 
of amputation and the incidence of rest ischemia.19

For diabetes control, minimize hyperglycemia. For hy-
pertension control, management of blood pressure is 
required.

Elevated total and low-density lipoprotein cholesterol 
levels, reduced high-density lipoprotein level, and hy-
pertriglyceridemia are associated with lower extremity 
peripheral arterial disease.20 Several clinical trials have 
demonstrated the benefi ts of lipid-lowering therapy in 
patients with peripheral arterial disease and coexistent 
coronary and cerebral arterial disease.5

High serum homocysteine levels are associated with a 
twofold to threefold increased risk for peripheral arte-
rial disease.21 Dietary supplementation with B vitamins 
and folate may lower homocysteine levels, but no con-
trolled trials to date demonstrate this clinical benefi t in 
peripheral arterial disease.5

Given the role of aerobic exercise in modifying lipid 
profi les, weight, blood pressure, and glycemic control, it 
plays a strong role in primary prevention of peripheral 
arterial disease.

Cilostazol, a phosphodiesterase type 3 inhibitor, has 
vasodilator and platelet inhibitory effects. Cilostazol, 
100 mg orally twice daily, is indicated as an effective 
therapy to improve symptoms and to increase walking 
distance in patients with lower extremity peripheral arte-
rial disease and intermittent claudication.18 It is contrain-
dicated in heart failure. Other antiplatelet drugs, includ-
ing aspirin, clopidogrel, and dipyridamole, are frequently 
prescribed for patients with peripheral arterial disease.

Rehabilitation
Exercise

A program of supervised exercise is recommended for 
patients with intermittent claudication. A meta-analysis of 
training programs performed up until the mid-1990s sug-
gested that an optimal exercise program aimed at im-
provement of walking performance should use walking as 
the mode of exercise.22 A study comparing the effi cacy of 
cycle training versus treadmill exercise in the treatment of 
intermittent claudication concluded that cycle exercise is 
not effective in improving walking performance in all 
claudication patients. A cross-transfer effect between train-
ing modes was noted for patients reporting common 
limiting symptoms at baseline for both cycling and 
walking. Therefore, the current recommendation for exer-
cise in intermittent claudication is walking.23 Exercise 
should be performed for a minimum of 30 to 45 minutes, 
at least three times per week. Supervised exercise can 

induce increases in maximal walking ability that exceed 
those attained with drug therapies alone and translate 
into improved functional ability.18 Exercise is contraindi-
cated in the presence of an ischemic ulcer or rest pain.

Foot Care

Meticulous attention to the feet by both patient and 
physician and detailed education of the patient are the 
mainstays of preventive foot care.

Deformities should prompt the clinician to consider cus-
tom shoe inserts to distribute pressures evenly over the 
foot. Extra-depth shoes may be necessary to accommo-
date hammer toes. Tennis shoes are an inexpensive alter-
native for persons without foot deformities. However, if 
there are any aberrations in foot bone architecture, cus-
tom footwear with molded sole inserts is desirable.

Skin Ulcers

Early treatment of skin infections with antibiotics is war-
ranted along with minimization or elimination of weight 
bearing during healing. Achievement of a therapeutic an-
tibiotic concentration at the site of infection is key. Intra-
venous antibiotics may therefore be necessary for patients 
with severe infection or systemic illness and for treatment 
of pathogens that are not susceptible to oral agents.24

For more involved wounds, débridement with dressing 
changes or whirlpool is sometimes necessary. Deep in-
fections into bone or infections that extend along fascial 
planes require débridement. If osteomyelitis is sus-
pected, at least a 6-week course of parenteral or oral 
antibiotic therapy guided by culture samples obtained 
during débridement is an effective clinical approach.20

Other wound care measures, such as total contact cast-
ing, can assist with resolution of plantar surface ulcers.

Hyperbaric oxygen therapy may improve wound heal-
ing and reduce the rate of amputation.25 However, given 
its expense and limited resource, it is mostly limited to 
deep infections unresponsive to standard therapy.

Edema hinders wound healing. Measures to control 
edema, such as leg elevation, compression stockings, 
and pneumatic compression devices, are often used.26

Procedures
An acute painful, pale, pulseless limb should be evalu-
ated emergently as this indicates acute arterial compro-
mise. Likewise, gangrene or an ulcer extending to bone 
should prompt surgical consultation. Sharp débride-
ment for a necrotic wound is often necessary to remove 
devitalized tissue and to promote healing of ulcers.

Percutaneous endovascular interventions to treat periph-
eral arterial occlusion include transluminal angioplasty 
with balloon dilatation, stents, atherectomy, laser, cut-
ting balloons, thermal angioplasty, and fi brinolysis or 
fi brinectomy. This intervention may be necessary to pro-
vide enough oxygenated arterial blood to a limb to heal 
open sores, to improve symptoms of claudication, or to 
save an extremity at risk for amputation.21
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Endovascular procedures are indicated for individuals 
with severe vocational or lifestyle-limiting disability due 
to intermittent claudication for whom exercise and 
pharmacologic therapy have failed. Clinical features 
must suggest a reasonable likelihood of symptomatic 
improvement with endovascular intervention with a fa-
vorable risk-benefi t ratio.21

Outcomes of percutaneous transluminal angioplasty 
and stents depend on anatomic and clinical factors. 
Durability of patency after percutaneous transluminal 
angioplasty is greatest for lesions in the common iliac 
artery and decreases distally. Durability decreases with 
increasing length of the stenosis, multiple and diffuse 
lesions, poor-quality runoff, diabetes, renal failure, and 
smoking. Hormone replacement in women has been 
shown to decrease patency of iliac stents.21

Surgery
Surgical treatment of intermittent claudication is indi-
cated in individuals who do not derive adequate func-
tional benefi t from nonsurgical therapies, who have 
limb arterial anatomy favorable to a durable clinical 
result, and in whom the risk of cardiovascular complica-
tions is low.

The exact surgical procedure (aortobifemoral bypass, 
aortoiliac bypass, iliofemoral bypass, axillofemoral-
femoral bypass) is determined by the site and severity of 
the occlusive lesion, prior revascularization attempts, 
general medical condition, and desired outcome.21

Similar considerations are given in the management of 
limb-threatening ischemia. Surgical lower limb amputa-
tion may be necessary if revascularization attempts are 
unsuccessful in the management of limb-threatening 
ischemia or gangrene.

POTENTIAL DISEASE COMPLICATIONS
As a result of peripheral arterial disease, patients may 
develop ischemic pain from arterial insuffi ciency de-
fi ned as claudication (pain with ambulation) or rest 
pain. Other potential complications include nonheal-
ing or slow to heal foot ulcers, cellulitis, and deeper 
wound infections in the foot. If those complications 
cannot be treated medically, amputation of a portion of 
the lower limb may be necessary to save the remaining 
viable limb and to prevent disseminated infection. 
Charcot joints and bone fractures in the foot due to dia-
betic polyneuropathy can be seen, potentially leading to 
skin ulcer and breakdown.

POTENTIAL TREATMENT 
COMPLICATIONS
Potential treatment complications depend on the inter-
vention implemented. For example, in surgical revascu-
larization, infection of arterial bypass grafts, ischemic 
cardiac disease, and worsening of renal azotemia are 
potential complications. Patients undergoing wound 

débridement should be closely observed for possible 
infection of foot ulcers after débridement.

For peripheral arterial disease patients initiating an ex-
ercise program, potential complications include cardiac 
ischemic events, given the strong correlation of arterial 
disease and cardiovascular disease. Therefore, in such 
patients, supervised exercise instruction after cardiac 
stress testing is initially recommended to stratify pa-
tients at potential risk.21
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DEFINITION
Dysphagia generally refers to any diffi culty with swal-
lowing, including occult or asymptomatic impairments. 
It is a common problem, affecting one third to one half 
of all stroke patients1 and about one sixth of elderly 
individuals.2 It is frequent in head and neck cancer, 
traumatic brain injury, degenerative disorders of the 
nervous system, gastroesophageal refl ux disease, and 
infl ammatory muscle disease (Table 121-1). Dysphagia 
is classifi ed according to the location of the problem as 
oropharyngeal (localized to the oral cavity or pharynx, 
not just the oropharynx) or esophageal. It may also be 
classifi ed as mechanical (due to a structural lesion of 
the foodway) or functional (caused by a physiologic 
abnormality of foodway function).3

Sudden onset is suggestive of stroke. Concomitant limb 
weakness suggests a neurologic or neuromuscular disor-
der. Medication-induced dysphagia is commonly over-
looked. Medications that impair level of consciousness 
(such as sedatives and tranquilizers), have anticholiner-
gic effects (tricyclics, propantheline), or can damage 
mucous membranes (nonsteroidal anti-infl ammatory 
drugs, aspirin, quinidine) may also cause dysphagia.4

SYMPTOMS
The most common symptoms of dysphagia are cough-
ing or choking during eating5 and the sensation of food 
sticking in the throat or chest.3 Some of the many symp-
toms and signs of dysphagia are listed in Table 121-2. A 
history of drooling, signifi cant weight loss, or recurrent 
pneumonia suggests that the dysphagia is severe. The 

history is most useful for identifi cation of esophageal 
dysphagia; the complaint of food sticking in the chest is 
usually associated with an esophageal disorder. In con-
trast, the complaint of food sticking in the throat has 
little localizing value and is often caused by an esopha-
geal disorder. Coughing and choking during swallowing 
suggest an oropharyngeal origin and may be elicited by 
aspiration (penetration of material through the vocal 
folds and into the trachea). However, some patients have 
impaired cough refl exes, resulting in silent aspiration 
(without cough).5,6 Silent aspiration occurs in 28% to 
94%, depending on the population of patients.6-8 Pa-
tients with neurologic disorder have a higher incidence 
of silent aspiration. Pain on swallowing (odynophagia) 
may occur transiently in pharyngitis, but persistent 
pain is unusual and is suggestive of neoplasia. Heart-
burn is a nonspecifi c complaint that is usually not as-
sociated with swallowing but occurs after meals. Heart-
burn may occur in gastroesophageal refl ux disease, but a 
more specifi c symptom of gastroesophageal refl ux dis-
ease is regurgitation of sour or bitter-tasting material 
into the throat after eating.

PHYSICAL EXAMINATION
An examination of the oral cavity and neck may identify 
structural abnormalities, weakness, or sensory defi cits. 
The fi nding of dysarthria (abnormal articulation of 
speech) or dysphonia (abnormal voice quality) is often 
associated with oropharyngeal dysphagia. However, the 
examination is primarily useful for fi nding evidence of 
underlying neurologic, neuromuscular, or connective 
tissue disease. The examination should always include 
trial swallows of water.9-11 During the swallow, there 
should be prompt elevation of the hyoid bone and 
larynx. Changes in voice quality or spontaneous cough-
ing after swallowing suggest pharyngeal dysfunction. 
The history and physical examination are limited in 
their ability to detect and to characterize dysphagia, so 
instrumental studies are usually necessary.12

Neurologic examination is important in the evaluation 
of dysphagic individuals because neurologic disorders 
commonly cause dysphagia. Disorders of either upper 
or lower motor neuron may produce dysphagia. The 

121Dysphagia

Synonyms
Swallowing disorder
Swallowing impairment
Deglutition disorder

ICD-9 Codes
438.82 Other late effects of cerebrovascular disease, dysphagia
787.2  Dysphagia, diffi culty in swallowing
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FUNCTIONAL LIMITATIONS
These depend on the nature and severity of the dyspha-
gia. Many individuals modify their diets to eliminate 
foods that are diffi cult to swallow. Some require inordi-
nate amounts of time to consume a meal. In severe 
cases, tube feeding is necessary. These alterations in the 
ability to eat a meal may have a profound effect on psy-
chological and social function.14 Interaction with family 
and friends often centers on mealtime—family dinners, 
“going out” for a drink or for dinner, “coming over” for 
a snack or for dessert. Diffi culty in eating a meal may 
disrupt relationships and result in social isolation. 
Some patients may require supervision during meals or 
feel unsafe when they eat alone, causing further disrup-
tion of social and vocational function.

DIAGNOSTIC TESTING
Because the mechanics of swallowing are largely invisible 
to the naked eye, diagnostic studies are commonly needed. 
The sine qua non for diagnosis of oropharyngeal swallow-
ing disorders is the videofl uorographic swallowing study 
(VFSS).15 In this test, the patient eats and drinks a variety 
of solids and liquids combined with barium while images 
are recorded with videofl uorography (radiographic video-
taping). The VFSS is usually performed jointly by a physi-
cian (physiatrist or radiologist) and a speech-language 
pathologist. A unique benefi t of the VFSS is that therapeu-
tic techniques (such as modifi cation of food consistency, 
body position, or respiration) can be tested and their 
effects on swallowing observed during the study. A rou-
tine barium swallow study is frequently suffi cient if the 
problem is clearly esophageal.

If a VFSS cannot be performed because of the physical 
limitation of the patient, the fi beroptic endoscopic evalu-
ation of swallowing is useful to visualize the anatomy of 
the pharynx and larynx and vocal fold function during 
eating with no x-ray exposure.16 It is also highly sensitive 
for detection of aspiration8; but it does not visualize es-
sential aspects of swallowing, such as the oral and esoph-
ageal stages of swallowing, or critical events of pharyngeal 
swallowing including opening of the upper esophageal 
sphincter, elevation of the larynx, and contraction of the 
pharynx.

In cases of esophageal dysphagia, esophagoscopy is fre-
quently necessary to detect mucosal lesions or masses. 
Biopsy is indicated when mucosal abnormalities are 
detected. Manometry is useful for detection and charac-
terization of motor disorders of the esophagus. Electro-
myography is indicated when neuromuscular disease is 
suspected and is useful for detection of lower motor neu-
ron dysfunction of the larynx and pharynx.

TREATMENT
Initial
The treatment of dysphagia depends on its causes and 
mechanism. Common treatments are listed in Table 
121-3. Whenever possible, initial treatment should be 

TABLE 121-1  Selected Causes of Oral and Pharyngeal 
Dysphagia

Neurologic 
Disorders 
and Stroke

Structural 
Lesions

Connective 
Tissue Diseases

Cerebral infarction Thyromegaly Polymyositis

Brainstem 
infarction

Cervical 
hyperostosis

Muscular dystrophy

Intracranial 
hemorrhage

Congenital web Psychiatric disorders

Parkinson disease Zenker 
diverticulum

Psychogenic 
dysphagia

Multiple sclerosis Caustic ingestion

Amyotrophic 
lateral sclerosis

Neoplasm

Poliomyelitis Post–ablative 
surgery

Myasthenia gravis Radiation 
fi brosis

Dementias

TABLE 121-2  Symptoms and Signs of Dysphagia

Oral or pharyngeal dysphagia

Coughing or choking with swallowing

Diffi culty with initiation of swallowing

Food sticking in the throat

Drooling

Unexplained weight loss

Change in dietary habits

Recurrent pneumonia

Change in voice or speech

Nasal regurgitation

Dehydration

Esophageal dysphagia

Sensation of food sticking in the chest or throat

Oral or pharyngeal regurgitation

Drooling

Unexplained weight loss

Change in dietary habits

Recurrent pneumonia

Dehydration

fi ndings of atrophy or fasciculations of the tongue or 
palate suggest lower motor neuron dysfunction of the 
brainstem motor nuclei. In contrast to the prevailing 
wisdom, the gag refl ex is not strongly predictive of the 
ability to swallow. It may be absent in normal individu-
als and normal in individuals with severe dysphagia 
and aspiration.13
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directed at the underlying disease process; for example, 
levodopa for Parkinson disease, or steroids for poly-
myositis. Esophageal dysphagia necessitates evaluation 
and treatment by a gastroenterologist. When no ther-
apy exists for the underlying disease or the therapy is 
ineffective or contraindicated, rehabilitative strategies 
are appropriate. Patients and their family members are 
encouraged to learn the Heimlich maneuver; this is 
important because airway obstruction is potentially 
fatal.

Rehabilitation
Many patients benefi t from a structured swallowing 
therapy provided by a speech-language pathologist, in-
cluding instruction and supervision about diet, com-
pensatory maneuvers, and exercise.17 The goals of ther-
apy are to reduce aspiration, to improve the ability to 
eat and drink, and to optimize nutritional status. Ther-

apy is individualized according to the patient’s specifi c 
anatomic and structural abnormalities and the initial 
responses to treatment trials observed at the bedside or 
during the VFSS.18 A fundamental principle of rehabili-
tation is that the best therapy for any activity is the activ-
ity itself; swallowing is generally the best therapy for 
swallowing disorders, so the rehabilitation evaluation is 
directed at identifi cation of circumstances for safe and 
effective swallowing for each individual patient.

Diet modifi cation is a common treatment of dyspha-
gia.19,20 Patients vary in ability to swallow thin and thick 
liquids, and that determination is usually best made by 
VFSS. A patient can usually receive adequate oral hydra-
tion with either thin (e.g., water or apple juice) or thick 
liquids (e.g., apricot nectar, tomato juice). Rarely, a pa-
tient may be limited to pudding consistency if thin and 
thick liquids are freely aspirated. Most patients with 
signifi cant dysphagia are unable to safely eat meats or 
similarly tough foods and require a mechanical soft 
diet. A pureed diet is recommended for patients who 
exhibit oral preparatory phase diffi culties, pocket food 
in the buccal recesses (between the teeth and the cheek), 
or have signifi cant pharyngeal retention with chewed 
solid foods. Maintenance of oral feeding often requires 
compensatory techniques to reduce aspiration or to 
improve pharyngeal clearance. A variety of behavioral 
techniques are used, including modifi cations of pos-
ture, head position (Fig. 121-1),21,22 and respiration,23 as 
well as specifi c swallow maneuvers.24-26

Exercise therapy for dysphagia is indicated when the 
problem is related to weakness of the muscles of swal-
lowing.27 The choice of exercises must be individualized 
according to the physiologic assessment. The full range 
of exercises is beyond the scope of this chapter, but sev-
eral examples illustrate the principles.

 ● Tongue weakness can be treated with lingual re-
sistance exercise.28

 ● Strengthening of the anterior suprahyoid muscles 
is useful when the upper esophageal sphincter 
opens poorly. Flexing the neck against gravity 
while lying supine can strengthen these muscles 
(Fig. 121-2).29,30

 ● Vocal fold adduction exercises may be useful in 
cases of aspiration due to weakness of these 
muscles. These exercises are done on a daily basis 
whenever possible.

Procedures
VFSS functions as both a diagnostic and a therapeutic 
procedure for dysphagia, especially oropharyngeal dys-
phagia, because it can be used to test the effectiveness 
of modifying food consistency and other compensa-
tory techniques.31 Endoscopy with dilatation of the 
esophagus is often indicated in cases of partial esopha-
geal obstruction due to stricture or web. Dilatation is 
also appropriate in stenosis of the upper esophageal 
sphincter. Endoscopy can also be used for biofeedback, 
especially to demonstrate movements of the larynx 
during swallowing maneuvers. Electromyography is 
also used for biofeedback. Activities of the infrahyoid 

Differential Diagnosis

Myocardial ischemia

Globus sensation

Heartburn due to gastroesophageal refl ux disease

Indirect aspiration (aspiration of refl uxed gastric 
contents)

TABLE 121-3  Principal Treatments of Selected 
Disorders Affecting Swallowing

Problems Principal Treatments

Amyotrophic lateral 
sclerosis

Dietary modifi cation

Compensatory maneuvers

Counseling and advance directives

Carcinoma of 
esophagus

Esophagectomy

Gastroesophageal 
refl ux disease

Dietary modifi cation

No eating at bedtime

Pharmacologic therapy

Smoking cessation

Parkinson disease, 
polymyositis, 
myasthenia 
gravis

Pharmacologic treatment of underlying 
disease (dietary modifi cation, compen-
satory maneuvers, and dysphagia ther-
apy only if necessary)

Esophageal
stricture or web

Dilatation

Stroke, multiple 
sclerosis

Dietary modifi cation

Compensatory maneuvers

Dysphagia therapy
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and suprahyoid muscles are recorded with surface elec-
trodes during swallowing therapy. Biofeedback itself is 
not a dysphagia therapy but can be a useful adjunct to 
therapy. Surface electrical stimulation on the submen-
tal or anterior cervical muscles is a controversial new 
treatment of dysphagia. There is little evidence for its 
safety and effi cacy.32-34

Surgery
Surgery is rarely indicated in the care of patients with 
oral or pharyngeal dysphagia. The most common proce-
dure for pharyngeal dysphagia is cricopharyngeal my-
otomy, during which the upper esophageal sphincter is 
disrupted to reduce the resistance of the pharyngeal 
outfl ow tract. However, the effectiveness of myotomy is 
highly controversial.35 Esophagectomy may be neces-
sary in case of esophageal cancer or obstructive stric-

tures. Feeding gastrostomy (usually percutaneous endo-
scopic gastrostomy) is indicated when the severity of 
the dysphagia makes it impossible for adequate alimen-
tation or hydration to be obtained orally, although in-
travenous hydration or nasogastric tube feedings may 
be suffi cient on a time-limited basis.36 Orogastric tube 
feedings have been used successfully by patients who 
have absent gag refl exes and can tolerate intermittent 
oral catheterization.

POTENTIAL DISEASE COMPLICATIONS
Severe dysphagia may result in aspiration pneumonia,1
airway obstruction, bronchiectasis, dehydration, or star-
vation37 and is potentially fatal. Severe dysphagia often 
causes social isolation because of the inability to con-
sume a meal in the usual manner. This may lead to de-
pression, sometimes severe. Suicide has been reported.

POTENTIAL TREATMENT 
COMPLICATIONS
The VFSS is safe and well tolerated. Prescription of a 
modifi ed diet often means the substitution of thick 
for thin liquids. Some patients fi nd these unpalatable 
and reduce fl uid intake to the point of dehydration 
and malnutrition. Failure to reevaluate patients in a 
timely manner may lead to unnecessary prolongation 
of dietary restrictions, increasing the risk of malnutri-
tion and adverse psychological effects of dysphagia. 
Dilatation of the esophagus or sphincters may result 
in perforation, but this complication is uncommon. 

FIGURE 121-1. Turning the head toward the weak side improves pharyngeal emptying in some individuals with dysphagia due to lateral medullary 
infarction. This series of videoprints is taken from a videofl uorographic swallowing study of an individual with severe dysphagia due to lateral medul-
lary infarction. The top images show an anteroposterior projection of swallowing with the head in anatomic position. The top left image was obtained 
in mid-swallow. There is stasis of barium in the left piriform recess, with only minimal fl ow of barium through the upper esophageal sphincter. The top 
right image shows the large amount of residual barium in the pharynx after swallowing. The bottom images show swallowing with the head turned 
toward the weak left side. The lower left fi gure, in mid-swallow, shows enhanced fl ow of barium. The lower right fi gure shows dramatically reduced 
retention of barium after the swallow.

FIGURE 121-2. Shaker exercise to augment upper esophageal sphincter 
opening by strengthening of the anterior suprahyoid muscles. The neck 
is actively fl exed, raising the head so the patient can see the toes, touch-
ing the chin to the chest, without lifting the shoulders.
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Percutaneous endoscopic gastrostomy may have direct 
or indirect sequelae. Direct sequelae, such as pain, 
infection, and obstruction of the feeding tube, are 
common. Percutaneous endoscopic gastrostomy tube 
feeding may promote aspiration pneumonia in indi-
viduals with severe gastroesophageal refl ux disease.
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DEFINITION
The term enteropathic arthritis describes arthritis that is 
associated with disease of the bowel. This category 
includes the arthritis associated with infection (Reiter 
syndrome), infl ammatory bowel disease, Whipple dis-
ease, intestinal bypass surgery, and celiac disease 
(gluten-sensitive enteropathy).1

Reiter syndrome (reactive arthritis) usually occurs in 
young to middle-aged adults after genitourinary (Chla-
mydia) or gastrointestinal (typically, Salmonella, Shigella, 
Campylobacter, or Yersinia) infection. Men are affected 
more often in cases that occur after genitourinary infec-
tion, but the sex distribution is equal in cases occurring 
after gastrointestinal infection. The term originally de-
scribed patients with the classic triad of nongonococcal 
urethritis, arthritis, and conjunctivitis. Peripheral joint 
arthritis occurs in 90% of patients with Reiter syndrome, 
whereas axial involvement (spondylitis or sacroiliitis) 
affects less than 50% of patients.1,2

Arthritis associated with infl ammatory bowel disease 
also typically affects young to middle-aged adults. The 
sex distribution is equal. Peripheral arthritis occurs in 
10% to 20% of patients and axial disease in 10% of 
patients.1,2

Whipple disease, intestinal bypass, and celiac disease 
can have associated arthritis. Typically, the joint involve-
ment occurs in a symmetric peripheral polyarticular 
pattern that resembles rheumatoid arthritis. Whipple 
disease can have axial involvement (spondylitis or sac-
roiliitis) in 8% to 20% of cases.3

SYMPTOMS
Constitutional symptoms are common to all forms of 
enteropathic arthritis. Patients can experience fever, 
malaise, weight loss, and fatigue. Morning stiffness of 
more than 30 to 60 minutes indicates infl ammatory 
disease. The stiffness may be located in the hands or 
other peripheral joints or in the back of patients with 
axial involvement. Other symptoms vary according to 
the type of enteropathic arthritis.2-7

Infl ammatory Bowel Disease–Associated 
(Crohn Disease and Ulcerative Colitis) Arthritis
Patients experience pain and swelling in joints that can 
be transient or migratory but recurrent. Lower extremity 
joints are affected more frequently than are those of the 
upper extremity. Patients with dactylitis complain of 
diffusely swollen digits. Active bowel infl ammation 
leads to diarrhea or bloody stools. Peripheral arthritis 
fl ares with the bowel; axial involvement does not cor-
relate with active bowel disease and can be asympto-
matic. Heel or foot pain occurs secondary to enthesitis, 
which is infl ammation at the site of tendon or ligament 
insertion onto bone. Patients with spondylitis or sacro-
iliitis describe back or buttock pain. Painful oral ulcer 
may be described. Red or violet bumps (erythema no-
dosum) can develop; they are painful and most com-
monly located over the shins. Ulcerating lesions (pyo-
derma gangrenosum) are less common. Red eyes 
indicate conjunctivitis or iritis. In iritis (anterior uve-
itis), the patient experiences pain and decreased vision.

Reiter Syndrome
Patients experience painful, swollen joints. The minority 
of patients report preceding diarrhea, even on direct 
questioning. Arthritis involves lower extremity joints 

Synonyms
Bowel-associated arthritis
Reactive arthritis
Seronegative spondyloarthropathy

ICD-9 Codes
711.0 Pyogenic arthritis
 Arthritis or polyarthritis (due to): coliform [Escherichia
 coli], Haemophilus infl uenzae [H. infl uenzae], pneumo-  
 coccal, Pseudomonas, staphylococcal, streptococcal
711.1  Arthropathy associated with Reiter disease and non-

specifi c urethritis
711.9 Unspecifi ed infective arthritis
713.1  Arthropathy associated with gastrointestinal conditions 

other than infections
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more often than upper extremity joints. Heel or foot 
pain occurs secondary to enthesitis. As in infl ammatory 
bowel disease, back or buttock pain occurs with spondy-
litis and sacroiliitis. Some form of skin involvement oc-
curs in almost 50% of patients. Lesions include rash over 
the palms and soles (keratoderma blennorrhagicum), 
penile lesions (circinate balanitis), and nail changes 
(onycholysis but not nail pitting). About 15% of pa-
tients develop oral ulcers. Urogenital symptoms include 
penile or vaginal discharge and ulcers. As in infl amma-
tory bowel disease–associated arthritis, eye symptoms 
include redness, pain, and decreased vision. Symptoms 
of left-sided heart failure or heart block (syncope) can 
result from aortic root or valve infl ammation.

Whipple Disease
Whipple disease is characterized by fever, diarrhea, foul-
smelling or fl oating stools (steatorrhea), and profound 
weight loss. Patients with Whipple disease complain of 
migratory arthralgias or transient episodes of swollen 
joints. Swollen glands may be a feature. If pleural effu-
sions are present, patients may experience chest pain or 
shortness of breath. Complaints of double vision (ocu-
lar palsies) or mental status changes accompany ner-
vous system involvement.

Intestinal Bypass
Patients complain of painful, swollen joints. Cutaneous 
vasculitis causes rash in some patients.

Celiac Disease
Joint aches or swelling, usually affecting the large joints, 
can develop in patients with gluten-sensitive enteropa-
thy. Only 50% of patients have diarrhea. Patients with 
associated dermatitis herpetiformis complain of burn-
ing and itching of the skin.

PHYSICAL EXAMINATION
Physical examination fi ndings vary with the cause of 
enteropathic arthritis.2-7

Infl ammatory Bowel Disease–Associated 
Arthritis
Patients with infl ammatory bowel disease usually have 
monarticular (one joint) or oligoarticular (two to four 
joints) asymmetric arthritis involving the peripheral 
joints. The knees, ankles, and feet are most commonly 
affected. Large effusions occur, especially in the knee. 
Limited lumbar mobility secondary to spondylitis is 
documented with an abnormal Schober maneuver 
(Fig. 122-1). To perform this maneuver, the clinician 
makes a mark at the level of the posterior superior iliac 
spines (dimples of the pelvis) and another mark 10 cm 
above the fi rst mark with the patient standing. The pa-
tient is then asked to bend forward, attempting to 
touch the toes. The distance between the two marks is 

measured again. With normal lumbar motion, the dis-
tance between the two points increases by at least 5 cm. 
Maneuvers such as pelvic distraction or compression to 
elicit pain associated with sacroiliitis lack specifi city. 
Thickening of the Achilles tendon or pain at the inser-
tion site of the Achilles or plantar fascia on the calca-
neus is found in patients with enthesitis. Examination 
of the skin may reveal red or violet subcutaneous nod-
ules (erythema nodosum) or painful ulcers with irregu-
lar borders (pyoderma gangrenosum). Conjunctivitis 
causes a red or injected eye. Pericorneal injection, cor-
neal clouding, and miosis suggest anterior uveitis (usu-
ally iritis with sparing of the ciliary body). Slit-lamp 
examination reveals cells in the anterior chamber.

Reiter Syndrome
Like infl ammatory bowel disease, Reiter syndrome causes 
monarticular or oligoarticular asymmetric peripheral 
arthritis that usually affects the lower limbs. Enthesitis, 
dactylitis, conjunctivitis, and uveitis also occur, and 
evaluation of these is as previously described. Urogenital 
evaluation may reveal a mucoid discharge secondary to 
infl ammation (urethritis or cervicitis). Some skin mani-
festation will occur in 50% of patients. Keratoderma 
blennorrhagicum and circinate balanitis each occur in 
about 25% of patients with Reiter syndrome. Kerato-
derma blennorrhagicum is a papulosquamous lesion 
that appears identical to psoriasis but is usually limited 
to the palms and soles. Circinate balanitis occurs on the 
shaft or glans; the appearance in men who are circum-
cised (dry, plaque-like lesions resembling keratoderma) 
is different from that in uncircumcised men (shallow, 
serpiginous penile ulcers surrounding the meatus). Nail 
changes include onycholysis and hyperkeratosis. Lack of 

FIGURE 122-1. Schober maneuver.
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pitting may distinguish this from psoriatic changes. Pyo-
derma gangrenosum can occur. Oral or genital ulcers can 
be found and are often painless. Aortitis and valve insuf-
fi ciency can cause a murmur.

Whipple Disease
The arthritis of Whipple disease is typically a symmetrical 
peripheral polyarthritis (more than four joints). Lym-
phadenopathy may be noted. Pleural effusions can occur 
and are detected during pulmonary examination. Neuro-
logic examination may demonstrate ocular palsies or 
encephalopathy.

Intestinal Bypass
Patients who have undergone intestinal bypass can de-
velop a symmetric peripheral nondeforming polyarthri-
tis. Lesions that can be found on the skin include ve-
siculopustular lesions, erythema nodosum, urticaria, 
and ecchymosis.

Celiac Disease
Joint examination reveals a symmetrical peripheral poly-
arthritis. Dermatitis herpetiformis can be associated with 
this disorder; it appears as urticarial wheals, vesicles, bul-
lae, and erythema that occur symmetrically on limbs or 
the trunk.

FUNCTIONAL LIMITATIONS
Functional limitations depend on the location and se-
verity of joint involvement. The criteria for the assess-
ment of functional status that have been established for 
rheumatoid arthritis (see Chapter 142) are also applied 
to patients with psoriatic arthritis. These criteria are 
based on activities of daily living, including self-care 
(dressing, feeding, bathing, grooming, and toileting), 
vocational (work, school, and homemaking), and avo-
cational activities (recreational and leisure).8 Visual 
impairment can result from infl ammatory eye disease.

DIAGNOSTIC STUDIES
Laboratory testing in all of these diseases may reveal 
anemia and an elevated sedimentation rate. Rheuma-
toid factor and antinuclear antibodies are usually ab-
sent. Synovial fl uid is infl ammatory (more than 2000 
white blood cells) with negative cultures and no crystals 
when it is examined under polarized microscopy. HLA-
B27 is highly associated with Reiter syndrome, occur-
ring in 81% of patients. There is no increased frequency 
of HLA-B27 in patients with infl ammatory bowel dis-
ease alone, but 50% of patients with infl ammatory 
bowel disease with spondylitis are B27 positive.1

Radiographic evaluation of the axial skeleton may con-
fi rm spondylitis or sacroiliitis. In infl ammatory bowel 
disease, sacroiliitis is usually symmetrical, and syndes-
mophytes usually insert marginally on the vertebral 

body—fi ndings that are indistinguishable from anky-
losing spondylitis (Fig. 122-2). Asymmetric sacroiliitis 
is found in Reiter syndrome. Peripheral joints in both 
infl ammatory bowel disease and Reiter syndrome may 
show erosion, but adjacent bone proliferation may 
distinguish these changes from rheumatoid arthritis. 
In patients with a history suggestive of enthesitis, cal-
caneal fi lms will often show proliferative bone forma-
tion at the tendon or ligament insertion site.4 There are 
usually no radiographic changes in patients with 
Whipple disease, intestinal bypass, or celiac disease.

Other tests are directed toward the underlying illness or 
symptom. In patients without confi rmed infl ammatory 
bowel disease, evaluation of the bowel with endoscopy 
or colonoscopy and biopsy is indicated. Skin biopsy 
may be helpful when clinical fi ndings are not typical or 
are in question. Patients with ocular symptoms are re-
ferred for ophthalmologic (slit-lamp) examination.

In patients with suspected Reiter syndrome, cervical or 
urethral smears should be performed to rule out gonor-
rhea and to evaluate for Chlamydia. Stool samples from 
patients who report preceding or concurrent diarrhea 
should also be sent. If aortitis and aortic insuffi ciency 
are suspected, electrocardiography and echocardiogra-
phy are indicated.

The diagnosis of Whipple disease may be confi rmed 
with characteristic periodic acid–Schiff staining of de-
posits on small bowel biopsy specimen or lymph node 
or synovial biopsy specimen. Diagnosis is also now pos-
sible by polymerase chain reaction analysis for Tro-
pheryma whipplei on blood or tissue samples.

Celiac disease can be diagnosed by small bowel biopsy. 
Antibody tests are now available, including antigliadin 
and endomysial antibodies. A presumptive diagnosis 
can be made if symptoms resolve on a gluten-free diet.

FIGURE 122-2. Radiograph of spine showing a large “jug-handle” syn-
desmophyte. (Reprinted with permission from West SG. Rheumatology 
Secrets. Philadelphia, Hanley & Belfus, 1997.)
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TREATMENT
Initial
The treatment of infl ammatory bowel disease–associated 
arthritis and the arthritis of Reiter syndrome is generally 
the same as that of other spondyloarthropathies.5,9 Non-
steroidal anti-infl ammatory drugs are effective in many 
patients. Cyclooxygenase 2–specifi c anti-infl ammatories 
may reduce the incidence of gastrointestinal symptoms 
in patients who have a history of bleeding or who are 
intolerant of traditional nonsteroidal anti-infl ammatory 
drugs.

For patients with inadequate response or progressive, 
erosive disease, disease-modifying antirheumatic drugs 
should be initiated. Antimalarials, intramuscular gold, 
sulfasalazine, azathioprine, methotrexate, and cyclospo-
rine have all been shown to be effective. As for other 
infl ammatory arthritides, combination therapy can be 
effective, although controlled data supporting this ap-
proach are unavailable. Corticosteroids can be very use-
ful and can be administered systemically as a bridge to 
therapy with disease-modifying antirheumatic drugs or 
intra-articularly for monarticular or oligoarticular in-
volvement. Antibiotic treatment targeting the precipitat-
ing infection does not improve Reiter syndrome but 
should be administered if a microbe is isolated to pre-
vent spread of infection.

Patients with Whipple disease can achieve remission 
with long-term (�1 year) antibiotic treatment with 
tetracyclines.5

The arthritis associated with intestinal bypass is some-
times controlled with nonsteroidal anti-infl ammatory 
drugs or glucocorticoids. Resolution of the arthritis can 
be achieved with normalization of gut anatomy.5

In patients with celiac disease, the arthritis responds to 
a gluten-free diet.4

Rehabilitation
Approaches to rehabilitation are identical to those in 
rheumatoid and other infl ammatory arthritis. The role 
of occupational and physical therapy in early or estab-
lished disease may be different from that in end-stage 
disease. In early disease, occupational therapy is di-
rected toward education of the patient about how to 
use the joints to minimize joint stress in performing 
activities of daily living. Splints may be used to pro-
vide joint rest and to reduce infl ammation. Splints 

may also allow functional use of joints that would 
otherwise be limited by pain; however, not all clini-
cians advocate this use. Paraffi n baths can provide re-
lief of pain and stiffness in the small joints of the 
hands. In end-stage disease, the occupational therapist 
plays an important role, providing aids and adaptive 
devices such as raised toilet seats, special chairs and 
beds, special grips, and other devices that can assist in 
self-care.

Physical therapy can help reduce joint infl ammation 
and pain. The therapist may employ a variety of tech-
niques, including the application of heat or cold, trans-
cutaneous nerve stimulation, and iontophoresis. Water 
exercise (hydrotherapy) is used to increase muscle 
strength without joint overuse. In patients with foot 
involvement, such as dactylitis, a high toe box or extra-
depth shoe may provide decreased pain and a more 
normal gait. Shoe inserts are often used in Achilles 
tendinitis and plantar fasciitis. For patients with axial 
involvement, the goal of therapy is to maintain a nor-
mal upright posture through stretching of paraverte-
bral musculature and correction of the tendency 
toward kyphotic posture. In end-stage disease, the 
goals of therapy are to reduce joint infl ammation, to 
loosen fi xed position of joints, to improve the function 
of damaged joints, and to improve strength and gen-
eral condition. Local immobilization may be used 
to reduce infl ammation and pain. Nonfi xed contrac-
tures may be prevented or improved with periods 
of splinting combined with goal-oriented exercise. 
Muscle strength and overall conditioning may be 
improved by static, range of motion, and relaxation 
exercises. In recent years, aerobic exercises and 
weight training have been used without detrimental 
effect on the joints. These dynamic exercises are more 
effective in increasing muscle strength, range of mo-
tion, and physical capacity. The motivation and en-
couragement provided by the therapist should not be 
underestimated.

Procedures
For monarticular or oligoarticular involvement, local 
steroid injection may be used when oral medications 
fail to control joint infl ammation.

Surgery
Joint replacement, tendon repair, or synovectomy may 
be required. Reversal of intestinal bypass is curative in 
patients with this disorder.

POTENTIAL DISEASE COMPLICATIONS
For patients with infl ammatory bowel disease–associated 
arthritis and Reiter syndrome, progressive damage to 
joints, including ankylosis, results in loss of function. 
Tendons can rupture secondary to chronic enthesitis. 
Visual loss may occur secondary to chronic or poorly 
controlled infl ammatory eye disease. Patients with in-
fl ammatory bowel disease, especially Crohn disease, may 
develop secondary amyloidosis.

Differential Diagnosis

Other spondyloarthropathies

 Psoriatic arthritis

 Ankylosing spondylitis

Rheumatoid arthritis
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POTENTIAL TREATMENT 
COMPLICATIONS
Side effects vary according to the drug used 
(Table 122-1).10

TABLE 122-1  Toxic Effects of Medications Used in 
the Treatment of Enteropathic Arthritis

Medication Side Effects

Nonsteroidal anti-
infl ammatory 
drugs

Dyspepsia, ulcer, or bleeding
Renal insuffi ciency
Hepatotoxicity
Rash
Inhibited platelet function

Cyclooxygenase 
2 inhibitors

Same as traditional nonsteroidal anti-
infl ammatory drugs, but gastrointes-
tinal side effects occur less often

No platelet effect

Glucocorticoids Increased appetite, weight gain, 
cushingoid habitus

Acne
Fluid retention
Hypertension
Diabetes
Glaucoma, cataracts
Atherosclerosis
Avascular necrosis
Osteoporosis
Impaired wound healing
Increased susceptibility to infection

Antimalarials Dyspepsia
Macular damage
Abnormal skin pigmentation
Neuromyopathy
Rash

Gold Myelosuppression
Proteinuria or hematuria
Oral ulcers
Rash
Pruritus

Sulfasalazine Myelosuppression
Hemolysis (glucose-6-phosphate 

dehydrogenase–defi cient patients)
Hepatotoxicity
Photosensitivity, rash
Dyspepsia, diarrhea
Headaches
Oligospermia

Azathioprine Myelosuppression
Hepatotoxicity
Pancreatitis (rarely)
Lymphoproliferative disorders 

(long-term risk)

Methotrexate Hepatic fi brosis, cirrhosis
Pneumonitis
Myelosuppression
Mucositis
Dyspepsia
Alopecia

Cyclosporine Renal insuffi ciency
Hypertension
Anemia
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DEFINITION
Heterotopic ossifi cation is the formation of mature, la-
mellar bone in nonskeletal tissue, usually in soft tissue 
surrounding joints.1,2 Its exact etiology is unknown. Het-
erotopic ossifi cation is commonly seen in patients with 
traumatic brain injury, spinal cord injury, cerebrovascu-
lar accident, burns, fractures, trauma, or muscle injuries 
and after total joint arthroplasty. More recently, hetero-
topic ossifi cation has been described in patients after 
prolonged sedation, ventilation, critical illness, and im-
mobilization.3,4 Riedel fi rst described heterotopic ossifi -
cation after trauma to the spinal cord in 1883.5 The term 
neurogenic heterotopic ossifi cation has been commonly 
used for heterotopic ossifi cation in patients with trau-
matic brain injury, spinal cord injury, and cerebrovascu-
lar accident.2,6 The bone formation in heterotopic ossifi -
cation differs from that in other disorders of calcium 
deposition in that heterotopic ossifi cation results in en-
capsulated bone between muscle planes, which is not 
intra-articular or connected to periosteum.7

The incidence rate reported in the literature varies from 
11% to 75% in patients with severe traumatic brain in-
jury and spinal cord injury. Lower rates have been re-
ported in patients with cerebrovascular accident. In the 
populations of patients with traumatic brain injury and 
spinal cord injury diagnosed with heterotopic ossifi ca-
tion, studies have shown a 33% rate of loss of joint 
range of motion; 10% to 16% progress to complete 
joint ankylosis.2,8 The incidence of heterotopic bone 
formation after total hip arthroplasty and acetabular 
fracture is estimated at 16% to 53% and 18% to 90%, 
respectively.9

Heterotopic ossifi cation is both more common and 
more extensive in patients with severe spasticity. In-
creased spasticity and lower level of limb function not 
only increase the risk for development of heterotopic 
ossifi cation but also increase the rate of recurrence after 
surgical resection.6 When ectopic bone is discovered in 
paraplegic patients, it is never found above the level of 
injury. Heterotopic ossifi cation is rarely seen in fl accid 
limbs.6 Interestingly, heterotopic ossifi cation is infre-
quently reported in cerebral palsy or in children with 
anoxic brain injury.2

The pathogenic mechanisms of heterotopic ossifi cation 
are still being investigated. Whether genetic factors or 
local phenomena (trauma, tissue hypoxia, venous insuf-
fi ciency, edema) are triggering factors, the fi nal common 
pathway is infl ammation and increased blood fl ow in 
the tissues.1,6,10 Undifferentiated mesenchymal cells in 
connective tissue surrounding muscle or vasculature are 
transformed by bone morphogenic proteins into osteo-
blasts, which lay down new bone matrix.4,9-12 The tem-
poral relationship between injury and initiation of ossi-
fi cation is not clear; however, clinical signs, symptoms, 
and positive diagnostic test results may appear as early 
as 2 weeks after injury.9 Mineralization and true bone 
formation are usually completed by 6 to 18 months.6
The extent of bone formation has been described in 
Brooker’s classifi cation2,12-14 for heterotopic ossifi cation 
of the hip:

 ● Class I: islands of bone within soft tissue
 ● Class II: bone spurs from the pelvis or proximal 

femur, leaving at least 1 cm between bone surfaces

Synonyms
Myositis ossifi cans
Ossifying fi bromyopathy
Neurogenic heterotopic ossifi cation
Periarticular ossifi cation
Heterotopic ossifi cation in paraplegia
Neurogenic ossifying fi bromyositis
Neurogenic osteoma
Paraosteoarthropathy

ICD-9 Codes
728.1  Muscular calcifi cation and ossifi cation
728.10  Calcifi cation and ossifi cation, unspecifi ed
 Massive calcifi cation (paraplegic)
728.11 Progressive myositis ossifi cans
728.12 Traumatic myositis ossifi cans
 Myositis ossifi cans (circumscripta)
728.13 Postoperative heterotopic calcifi cation
733.99 Other and unspecifi ed disorders of bone and cartilage
 Hypertrophy of bone
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 ● Class III: bone spurs from the pelvis or proximal 
femur, reducing the space between opposing sur-
faces to less than 1 cm

 ● Class IV: apparent bone ankylosis of the hip 
(Fig. 123-1)

Only class III and class IV are clinically signifi cant. Al-
though modifi cations to the Brooker classifi cation have 
been suggested, most clinicians continue to use the 
Brooker system to describe the extent of heterotopic 
bone formation.

SYMPTOMS
Individuals demonstrate great variability in initial 
manifestation of symptoms and degree of heterotopic 
bone involvement. Patients are often asymptomatic.1,15

In neurogenic heterotopic ossifi cation, the most com-
mon symptom is pain (although this is often absent in 
spinal cord injury because of sensory defi cits). Limita-
tion to joint range of motion is a common fi nding.6,9

Symptoms range in onset from 2 weeks to 12 months 
after the inciting event and include warmth, erythema, 
swelling, low-grade fever, pain, and tenderness.2,13,16,17

Heterotopic ossifi cation may trigger autonomic dysre-
fl exia in patients with spinal cord injury at or above the 
T6 level.18

PHYSICAL EXAMINATION
Time at onset, location, and degree of heterotopic bone 
formation vary between individuals. Therefore, joints 
should be examined frequently to assess range of mo-
tion and to assist in early diagnosis. The clinician 
should also inspect each joint for erythema and palpate 
the joints for point tenderness or masses. The most 
common physical fi nding is decreased range of motion 
of the joint.

Distal joints of the hands and feet are almost never in-
volved. Heterotopic ossifi cation is typically limited to 
hips, knees, shoulders, and elbows.6 In neurogenic het-

erotopic ossifi cation secondary to traumatic brain in-
jury or spinal cord injury, the hip is the most common 
joint affected.10 Ossifi cation is usually found inferome-
dial to the joint and is typically associated with adduc-
tor spasticity.2

FUNCTIONAL LIMITATIONS
The loss of range of motion secondary to heterotopic 
ossifi cation inhibits optimal rehabilitative efforts and 
interferes with hygiene, transfers, and daily activities; it 
can ultimately cause catastrophic complications, such 
as nerve entrapment, joint ankylosis, and spinal cord 
compression.17 Pain from heterotopic ossifi cation can 
be a signifi cant cause of functional limitation.

DIAGNOSTIC STUDIES
The three-phase bone scan is the current “gold standard” 
for early detection of heterotopic ossifi cation. It is possi-
ble to discover increased metabolic activity as early as 2 to 
4 weeks after injury. This procedure involves intravenous 
injection of technetium Tc 99m–labeled polyphosphate, 
which is known to accumulate in areas of active bone 
growth. The three phases are as follows6,17 (Fig. 123-2):

 ● Phase 1: Dynamic blood fl ow occurs immediately 
after injection.

 ● Phase 2: Immediate static scan detects areas of 
blood fl ow after injection.

 ● Phase 3: Static phase involves a repeated bone 
scan after several hours.

A disadvantage of the three-phase bone scan is its lack 
of specifi city. It therefore may be diffi cult to differentiate 
bone tumor, metastasis, or osteomyelitis from hetero-
topic ossifi cation.6

Radiographs are readily available and economical but 
may not show calcifi cation until after clinical signs and 
symptoms have developed (see Fig. 123-1). Heterotopic 
ossifi cation may not be evident on radiographs until 4 
to 6 weeks after an abnormality is detected on the bone 

FIGURE 123-1. Radiograph of Brooker class IV heterotopic ossifi cation 
of the right hip.

FIGURE 123-2. Three-phase bone scan showing increased activity at 
the right hip juxta-articular ossifi cation site.
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scan.9 Heterotopic ossifi cation has been described in 
three radiologic stages with variable time frames2,19:

 1. early: increased activity on bone scan, no radio-
logic evidence;

 2. intermediate: radiographically appearing imma-
ture bone; and

 3. mature: well-developed, mature-appearing bone

Both mature and immature bone can coexist. It is not 
uncommon for mature ossifi cation to radiographically 
obscure immature bone.2 Therefore, radiographic deter-
mination of the maturity of heterotopic bone is often 
unreliable.2,6

Computed tomographic scanning is rarely used in de-
tection of heterotopic ossifi cation. However, both com-
puted tomography and magnetic resonance imaging 
have proved especially helpful in preoperative planning 
for resection to establish relationships of bone to mus-
cle and neurovascular bundles.6,9

Ultrasonography and angiography are not often used 
for the diagnosis of heterotopic ossifi cation. Cases have 
been reported in which ultrasound examination has 
been used to help differentiate heterotopic ossifi cation 
from primary bone tumor, hematoma, or abscess. Simi-
larly, angiography has been used to differentiate trau-
matic myositis ossifi cans from tumor and to defi ne 
anatomy before surgical resection.6,9

Many laboratory tests have been investigated for use in 
the diagnosis of heterotopic ossifi cation. No one test 
has been found to be completely reliable with high sen-
sitivity and specifi city for heterotopic ossifi cation. Al-
though it is nonspecifi c, a widely used laboratory test 
for monitoring of heterotopic bone formation is the 
alkaline phosphatase (ALP) level. ALP has been shown 
to be elevated during the active bone formation of het-
erotopic ossifi cation (normal range is 38 to 126 U/L). 
ALP levels rise as early as 2 weeks after injury, reaching 
a peak around 10 weeks.6 ALP is helpful for diagnosis 
because it may be elevated up to 7 weeks before devel-
opment of clinical symptoms.4 Because the specifi city of 
ALP elevation is low, it is recommended that three-
phase bone scan be used to confi rm suspected cases of 
heterotopic ossifi cation.20

Serum and urinary calcium concentrations, frequently 
nonspecifi c responses to trauma, do not provide any in-
formation about the ongoing ossifi cation process and are 
therefore not used for diagnosis and monitoring of 
heterotopic ossifi cation.10 Other urinary markers, includ-
ing hydroxyproline, deoxypyridinoline, and prostaglan-
din E2, have been suggested for use in detection of het-
erotopic ossifi cation.3,4,6,9 Serum intact osteocalcin, 
C-reactive protein, erythrocyte sedimentation rate, and 
creatine kinase have been used as markers for heterotopic 
bone formation in studies. In the population of spinal 
cord–injured patients, the infl ammatory phase of hetero-
topic bone formation can be monitored by C-reactive 
protein levels, and creatine kinase can be used to estimate 
the severity of heterotopic ossifi cation.3,11 Both C-reactive 
protein and creatine kinase levels may be used to assist in 
therapeutic and treatment decisions.

TREATMENT
Initial
Nonsurgical strategies for treatment of heterotopic os-
sifi cation include mobilization of the joint, medica-
tions to decrease infl ammation or to decrease bone 
formation, and prophylactic low-dose radiation ther-
apy. Therapies and preventive strategies may be com-
bined to improve outcome.2,15 Spasticity and pain can 
be barriers to providing proper range of motion. Both 
should be managed appropriately to ensure that mobi-
lization occurs. Nonsteroidal anti-infl ammatory drugs 
(NSAIDs) can be used not only for analgesia of the 
patient but also to reduce bone formation by the inhi-
bition of prostaglandin synthetase. NSAIDs inhibit 
arachidonic acid metabolism, thereby inhibiting pro-
staglandin production, reducing infl ammation, and 
slowing bone metabolism.

Studies have shown that indomethacin, ibuprofen, and 
other NSAIDs have been effective for prevention of het-
erotopic ossifi cation in total hip arthroplasty and in 
high-risk spinal cord–injured patients.2,6,9,11,16,21 Indo-
methacin has been the most widely used NSAID in 
prophylaxis for heterotopic ossifi cation and is com-
monly used after surgical resection to prevent recur-
rence. Traditionally, indomethacin is started on postop-
erative day 1 at a dose of 25 mg three times a day for 
3 weeks and is continued for up to 2 months.2,6,12 More 
recently, shorter treatment durations have been found 
effective for prophylaxis.22

Etidronate disodium (EHDP), a bisphosphonate, is struc-
turally similar to inorganic pyrophosphate and is shown 

Differential Diagnosis

Deep venous thrombosis

Cellulitis or infection

Acute arthritis

Superfi cial thrombophlebitis

Contracture

Complex regional pain syndrome

Spasticity

Tumoral calcinosis

Secondary hyperparathyroidism

Hypervitaminosis D

Fracture

Gout

Pseudogout

Para-articular chondroma

Calcinosis circumscripta

Hematoma or hemorrhage
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to delay the aggregation of apatite crystals into large, calci-
fi ed clusters in patients with traumatic brain injury and 
spinal cord injury.2,6,8 Although EHDP does not eradicate 
bone that has already formed, it reduces further progres-
sion of surrounding cells.11 EHDP is not routinely used 
for prophylaxis, but some clinicians advocate prophylac-
tic use in high-risk spinal cord–injured patients. The 
current treatment recommendation for established het-
erotopic ossifi cation in spinal cord injury is 300 mg intra-
venously daily for 3 days followed by 20 mg/kg daily 
orally for 6 months.23 Intravenous EHDP is no longer 
available, and the use of alternate bisphosphonates in 
intravenous form has not yet been investigated for the 
treatment of heterotopic ossifi cation. For patients with 
traumatic brain injury, it has been suggested that treat-
ment be initiated at 20 mg/kg per day orally for 3 months, 
then reduced to 10 mg/kg per day for 3 months.8

Rehabilitation
Comprehensive physical and occupational therapy can 
be considered preventive and a fi rst-line treatment mo-
dality. Several studies have shown that early range of 
motion exercises are benefi cial in the prevention and 
treatment of heterotopic ossifi cation.7 Controversy exists 
that joint manipulation may increase the infl ammatory 
response, thereby increasing production of heterotopic 
bone. There has been no objective evidence to show this 
to be true.2 Joint manipulation may not alter bone for-
mation, but it can prevent soft tissue contractures and 
maintain functional range of motion. Because physical 
therapy is often diffi cult secondary to pain or spasticity, 
forceful manipulation under anesthesia has been tried 
but is not a standard treatment modality. Range of mo-
tion is still considered the mainstay for prevention of 
heterotopic ossifi cation.2,16 Continuous passive motion 
machines are benefi cial in increasing range of motion 
after surgical resection of heterotopic bone.4,9

Procedures
Radiation therapy has been shown to help prevent het-
erotopic ossifi cation after total hip arthroplasty and af-
ter resection of mature heterotopic bone.1,20 It is the 
only therapy for heterotopic ossifi cation that acts lo-
cally.6 Although opinions differ as to the most effective 
treatment method, single doses of 5 to 8 Gy are more 
frequently used than fractionated doses, and similar re-
sults are found when preoperative and postoperative 
treatments are compared.1 Radiation therapy has been 
used successfully after heterotopic bone resection in 
patients with traumatic brain injury and spinal cord 
injury to help prevent recurrence; more recently, it has 
been used for local treatment of heterotopic ossifi cation 
in spinal cord injury.2,11,12,24

Surgery
Although recurrence is common, surgical resection is 
the only defi nitive treatment for mature heterotopic 
bone. Surgical indications include joint immobility 
causing diffi culty in activities of daily living, ankylosed 

joints leading to pressure sores or skin breakdown, and 
conditions in which heterotopic ossifi cation contributes 
to peripheral neuropathy.2 Preoperative planning often 
requires three-dimensional computed tomography and 
magnetic resonance imaging to assess the relationship 
between heterotopic bone and neurovascular structures 
at risk. Careful dissection with isolation of neurovascu-
lar bundles reduces risk of morbidity associated with 
hemorrhage, sepsis, or repeated ankylosis.2 Functional 
range of motion can typically be reached with a wedge 
resection of the ectopic bone.2

Controversy exists as to the timing of the procedure 
because bone maturity is diffi cult to assess. It has been 
shown that immature heterotopic bone has a greater 
incidence of recurrence.11,20 Traditionally, three-phase 
bone scan and ALP levels have been used to monitor 
bone maturity. However, because both may remain ab-
normal indefi nitely, many clinicians no longer wait for 
normalization of bone scans and ALP levels to proceed 
with resection.11 Still, it is not uncommon for surgery to 
be delayed for up to 2 years in patients with traumatic 
brain injury or spinal cord injury. After heterotopic 
bone resection, radiation therapy and NSAIDs are often 
used to prevent recurrence.2,6

POTENTIAL DISEASE COMPLICATIONS
Heterotopic bone deposition impairs normal joint range 
of motion and causes secondary soft tissue contractures, 
which involve surrounding skin, muscles, ligaments, 
and neurovascular bundles.2 The resulting restrictive po-
sition predisposes the patient to the development of 
pressure sores and subsequent infections. Direct pres-
sure or chronic spasticity can cause nerve ischemia and 
compression, resulting in peripheral neuropathy.2 Vascu-
lar compression, deep venous thrombosis, and lym-
phedema may also result. Decreased range of motion 
predisposes to osteoporosis and subsequent pathologic 
fracture during transfer or lifting of the patient.2

POTENTIAL TREATMENT 
COMPLICATIONS
NSAIDs have well-known side effects that most com-
monly affect the gastric, hepatic, and renal systems. 
There is also a risk of defective bone-prosthesis union 
and poor bone healing in orthopedic populations while 
NSAIDs are used for the prevention of heterotopic os-
sifi cation.6,22

EHDP is generally a safe method for treatment of het-
erotopic ossifi cation. The most common side effects are 
nausea and diarrhea. Twice-daily divided dosing of 
EHDP helps alleviate these symptoms. EHDP also car-
ries a potential risk of bone fracture secondary to osteo-
malacia; if it is withdrawn after a short treatment dura-
tion, a rebound ossifi cation secondary to prolonged 
osteoclast inhibition may result.8,23

Radiation therapy is rarely associated with malignant 
neoplasia and does not disrupt wound healing, pro-
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vided wounds are not in the fi eld of irradiation.6,25

In orthopedic populations after total hip arthroplasty, 
increased rates of trochanteric nonunion have been 
described with both high-dose fractionated and single-
dose protocols.22,25

Surgical complications, which carry a high morbidity and 
are not uncommon, include hemorrhage, sepsis, wound 
infection, repeated ankylosis, and heterotopic bone re-
currence.6,20 Chronic pain and recurrent contracture may 
also result. The distorted anatomy in heterotopic ossifi ca-
tion makes dissection visibility diffi cult, endangering 
neurovascular structures.2 Postoperative blood loss re-
quiring transfusion is not uncommon despite good sur-
gical hemostasis.2
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DEFINITION
Lymphedema is chronic edema of the arm, leg, trunk, or 
face secondary to accumulation of lymph fl uid.1,2 A nor-
mal lymphatic system can handle modest increases in 
protein and water loads without formation of edema. 
Lymphedema, however, represents an imbalance in the 
lymphatic load and lymphatic transport capabilities.3,4

Figures 124-1 and 124-2 demonstrate the anatomy of the 
lymphatic system. Imbalance can be due to either high-
output lymph failure or low-output lymph failure. High-
output lymph failure refers to factors that increase blood 
capillary fi ltration; low-output lymph failure occurs with 
impaired lymphatic drainage. Either contingency alters 
the equilibrium between lymph formation and lymph 
absorption, resulting in frank edema.3,5 One example of 
high-output lymph failure is ascites secondary to portal 
hypertension associated with cirrhosis of the liver. An 
example of low-output lymph failure is post-mastectomy 
edema from the resection of lymph nodes.

Lymphedema is typically progressive6 and exists when 
there is impaired return of the lymph into the circula-
tory system. Long-standing lymphedema is associated 
with chronic infl ammatory cells and subsequent fi bro-
sis of the soft tissue.7

Four major physiologic mechanisms cause lymphe-
dema: increased blood capillary hydrostatic pressure, 
decreased plasma protein concentration, increased 
blood permeability, and blockage of lymph return.8

Lymphedema is classifi ed into primary (congenital) and 
secondary. Primary lymphedema is associated with 
aplasia, hypoplasia, or obstruction of the lymphatic ves-
sels. The three major categories are congenital (noted 
early in infancy), lymphedema praecox (onset at pu-
berty), and lymphedema tarda (manifested around the 
age of 35 years). Secondary lymphedema is associated 
with damage or obstruction of the lymphatic vessels by 
infectious etiology (fi lariasis, bacteria), lymph node dis-
section, radiotherapy, and other causes9 (Fig. 124-3).

The most common cause of secondary lymphedema in the 
world is fi lariasis.9 More than 120 million people have 
been infected and about 40 million people are subjected 
to serious disfi gurement and disability. In the United 
States and other industrialized countries, lymphedema 
is most commonly secondary to cancer therapies (lymph 
node dissection and radiation therapy). Petrek and 
Heelan10 estimated the incidence of lymphedema after 
breast cancer treatment from 6% to 30% in fi ve Western 
countries; but in a cohort of breast cancer survivors exam-
ined 20 years after diagnosis, 49% presented the sensation 
of lymphedema and 13% had severe lymphedema.11

Erickson and colleagues12 estimated a 41% incidence of 
lymphedema after breast cancer therapy (range, 21% to 
51%) but a lower incidence of 17% in women who did not 
receive axillary irradiation. The effect of sentinel node bi-
opsy on the incidence of lymphedema is still unknown.

The combination of cancer treatments increases the likeli-
hood of lymphedema. Resection of lymph nodes remains 
the highest risk for surgery-related lymphedema, but the 
risk is greatly enhanced when patients receive adjuvant 
radiation treatment to the operative nodal basin. Adju-
vant chemotherapeutic agents such as paclitaxel (Taxol) 
and docetaxel (Taxotere) may also elevate the incidence of 
secondary lymphedema. Lymphedema from cancer treat-
ment may develop months to years after therapeutic inter-
vention. Events associated with late onset of lymphedema 
include infection, injury, and post–cancer treatment 
weight gain.11 Research is needed to determine the asso-
ciation of air travel, venipuncture, and blood pressure 
monitoring as events provocative of lymphedema.

124Lymphedema

Mabel E. Caban, MD, Sandra S. Hatch, MD, and Atul Patel, MD

Synonyms
Primary lymphedema
Secondary lymphedema
Postmastectomy lymphedema
Noone-Milroy-Meige syndrome
Familial lymphedema

ICD-9 Codes
457.0 Postmastectomy lymphedema syndrome
457.1 Lymphedema

Acquired
Praecox
Secondary

757.0 Hereditary edema of legs
Chronic hereditary
Congenital

997.99 Surgical
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FIGURE 124-2. Blind lymphatic vessels 
and their relationship with capillaries. The 
lack of a primitive basal membrane of the 
superfi cial lymphatics allows the trans-
port of proteins and particles. The lym-
phatic system regulates the absorption of 
interstitial fl uid and the response to infec-
tion. (Reproduced with permission of 
Pearson Education, Inc., Glenview, Ill.)
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FIGURE 124-1. Association of lymphatic collectors with the arteries and veins. The lymphatic collectors have smooth muscle in their walls and are able 
to move the lymph unidirectionally until fi nal evacuation in the thoracic duct. (Reproduced with permission of Pearson Education, Inc., Glenview, Ill.)
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SYMPTOMS
Early symptoms are described as heaviness, tightness, 
hardness, numbness, stiffness, pain, or weakness from 
stagnant protein-rich fl uid in a limb. Pain-free swelling 
develops after a latent phase that may be manifested 
with limitation of motion of the fi ngers on the involved 
extremity. Postoperative swelling after cancer surgery is 
usually transitory, although there is a group of patients 

who progress to long-standing swelling of the limb 
from lymphedema.

PHYSICAL EXAMINATION
Emphasis is placed on the description and possibly 
the measurement of the subjective symptoms of lym-
phedema. These components provide feedback to the ini-
tial therapy on repeated measures over time. Table 124-1 
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Failure to control the swelling may lead to repeated in-
fections, progressive skin changes (elephantiasis), and 
sometimes a deformed limb. Although it is rare, a lethal 
angiosarcoma, also known as Stewart-Treves syndrome, 
is sometimes associated with chronic lymphedema. For 
this reason, it is important to inspect the skin for 
changes. After 1 to 30 years of lymphedema, a purplish 
patch develops into a plaque or nodule in the area of 
chronic edema. The manifestation of Stewart-Treves 
syndrome can vary from a subcutaneous nodule or a 
poorly healing eschar with recurrent bleeding and ooz-
ing to small satellite lesions that become confl uent and 
enlarged. The dismal prognosis for this condition will 
most likely include amputation.15

FUNCTIONAL LIMITATIONS
About 40 million live disabled and seriously disfi gured 
by lymphedema, whether or not it is associated with 
fi lariasis.16,17 Severe limitations are most often related to 
extreme or advanced disease, such as in elephantiasis, a 
rare manifestation of lymphedema. Functional limita-
tions are associated with swelling and heaviness with or 
without discomfort of the upper extremities. For pa-
tients in treatment, the bandaging or wearing of a sleeve 
chronically is a constant reminder of the cancer experi-
ence. Limitations of the lower extremity are due to in-
ability to fi t into appropriate clothing, even closed-toe 
shoes. Patients with lower extremity lymphedema can 
have diffi culty in walking and climbing stairs or limited 
participation in physical activities. Both upper and 
lower extremity lymphedema can progress, resulting in 
disfi gurement.

Premorbid maladaptive behaviors are usually predictive 
of the need for psychological intervention after the di-
agnosis of lymphedema.18 Psychological therapy is rec-
ommended in those with lymphatic fi lariasis and the 
additional physical disfi gurement.19 In particular, ele-
phantiasis of the penis or scrotum affects sexuality and 

FIGURE 124-3. Post-mastectomy patient with secondary lymphedema 
due to cancer therapy.

TABLE 124-1  Physical Examination of the Swollen Limb

Measurable circumference of the swollen limb

Number of skin folds from side to side

Skin color (erythema, brownish pigmentation)

Skin texture (soft, hard, shiny, taut)

Asymmetric increase in subcutaneous adipose tissue

Pitting edema 0-4

Arterial pulses of the extremities

Range of motion

Neurologic defi cits

Measurement of limb volume

Venous collaterals or congestion

Modifi ed with permission from Caban ME. Trends in the evaluation 
of lymphedema. Lymphology 2002;35:28-38.

shows the physical examination for the evaluation of a 
swollen limb. The International Society of Lymphology 
has established criteria to grade lymphedema on the 
basis of circumference measures13 (Table 124-2). The In-
ternational Society of Lymphology Consensus Document 
added a stage 0 to recognize the latent or subclinical 
phase in which swelling is not overt in spite of impaired 
lymph transport capabilities. Criteria for grading of 
lymphedema in clinical trials were summarized by Chev-
ille and associates,14 including the criteria established by 
the Lymphedema Working Group. These criteria account 
for the clinical manifestations of lym phedema, graded 
1 to 3, after cancer treatment. Grade 1 represents mild 
swelling and grade 3 represents the most severe and dis-
abling. These criteria need to be tested for validity and 
reliability.

TABLE 124-2  Grading of Lymphedema by the 
International Society of Lymphedema 
Criteria

Staging Description

Stage 0 Latent or subclinical
Swelling is not evident despite lymph transport.

Stage I Early accumulation of edema
This stage responds to elevation of the arm and 

may exhibit pitting.

Stage II Tissue fi brosis
This stage shows no pitting and no response to 

arm elevation.

Stage III Elephantiasis
This stage has no pitting and manifests trophic skin 

changes (acanthosis, warty overgrowth, and fat 
deposits).
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potency, and it is often severe enough to be accompa-
nied by mental anguish and limitations in physical 
function.

Most of the time, the functional limitation is massive 
swelling of the arm or leg from complications associ-
ated with lymphedema. For instance, infections like 
erysipelas, lymphangitis, and cellulitis will be associ-
ated with temporary disability until resolution with 
antibiotic therapy.

DIAGNOSTIC STUDIES
Lymphedema is a clinical diagnosis that follows a thor-
ough history and physical examination. In new-onset 
lymphedema, it is helpful to rule out deep venous 
thrombosis as the cause of the swelling. This can be 
excluded through the use of noninvasive Doppler stud-
ies. Such studies have high clinical value and have also 
proved practical in documenting the dance of worms in 
scrotal lymphatic fi lariasis.

In some instances, the diagnosis can be confounded by 
other conditions like obesity, venous insuffi ciency, oc-
cult trauma, and repeated infections.

Lymphoscintigraphy or lymphangioscintigraphy is the 
study of choice to visualize the lymphatic system. Al-
though it has not been standardized, it offers tremen-
dous insight into the lymphatic dysfunction.

Other diagnostic tools, less often used, are magnetic 
resonance imaging, computed tomography, ultrasonog-
raphy, indirect lymphangiography (water soluble), and 
fl uorescent microlymphangiography. The utility of these 
tools is described elsewhere.20

Genetic testing is another area that has advanced the 
understanding of a number of specifi c hereditary syn-
dromes with discrete gene mutations. Lymphedema 
distichiasis (FOXC2) and other forms of Milroy disease 
(VEGFR3) are two examples.

Initial
Prevention of lymphedema after cancer therapies is 
crucial.

It is unlikely that lymphedema can be completely pre-
vented, although the patient may undertake measures 
to lessen the impact or to delay its onset. Unfortunately, 
no randomized controlled trials establish the role of 
preventive measures. In general, the patient should be 
instructed to avoid constriction of the affected limb, 
weight gain, repetitive strenuous activity to the point of 
fatigue, heavy lifting, extreme heat, and rapid altitude 
changes. The patient must undertake measures to pre-
vent injury and infection. In practice, preventive mea-
sures have focused on minimizing the extent of surgical 
resection by moving from a full lymphadenectomy to a 
more targeted resection, such as sentinel node dissec-
tion, and additionally minimizing the use of adjuvant 
radiation therapy directed to the nodal resection bed.

Comorbidities that require attention for control of the 
edema include congestive heart failure, hypertension, 
and stroke.13

The presence of cellulitis, erysipelas, and lymphangitis 
requires antibiotic treatment before initiation of man-
ual massage and therapy.

Drug use in the treatment of lymphedema is controver-
sial. Diuretics are useful only in the presence of effu-
sion, like ascites and hydrothorax, or in cases of malig-
nant lymphedema for a short course of the diuretic 
treatment. Long-term diuretic therapy is not recom-
mended as it may cause electrolytic disturbances.

Benzopyrones hydrolyze the tissue proteins to facilitate 
their absorption and to stimulate the collectors; their ex-
act role, however, is not understood, and some of them, 
like coumarin, are associated with liver toxicity.21,22 Sele-
nium, a free radical scavenger, is reported to reduce 
lymphedema after radiation therapy. It has a low side 
effect profi le, making it attractive for treatment.23,24

Rehabilitation
Decongestive lymphatic therapy is the mainstay of treat-
ment and consists of skin care and hygiene, light man-
ual massage or manual lymph drainage, range of mo-
tion exercises, and compression by multiple layers of 
low-stretch bandage. Two phases are described. Phase 1 
contains these modalities. Phase 2 occurs promptly af-
ter phase 1; a low-stretch stocking or sleeve is provided 
to the patient with remedial exercises and massage as 
needed to drain the affected area into the lymphatic 
system.25-28 Relative contraindications to the use of 
manual lymphatic drainage are acute cellulitis, uncon-
trolled infections of the affected part, deep venous 
thrombosis of the affected limb, and renal dysfunction. 
Poor response to decongestive lymphatic therapy may 
be related to underlying peripheral vascular disease29 or 
malignant lymphedema.4

Pneumatic devices facilitate the initial reduction of swell-
ing by sequential and multi-pressure gradient pumps. 

Differential Diagnosis

The differential diagnosis includes causes of unilateral 
edema of the limb, trunk, or face; the most common 
conditions are deep venous thrombosis and cellulitis. 
Confounding comorbidities are chronic venous insuf-
fi ciency, renal failure, stroke, obesity, injury, underlying 
fractures, and diabetes mellitus.13

TREATMENT
The best treatment of lymphedema is prevention. Other 
treatment strategies include meticulous skin care, exer-
cises, and compression.

Ch124_697-704-X4007.indd 700Ch124_697-704-X4007.indd   700 3/17/08 5:48:51 PM3/17/08   5:48:51 PM



Lymphedema 701

However, use of these devices is not meant to replace 
decongestive lymphatic therapy, and their use is mostly 
limited by cost, size, and complexity of the treatment. 
Moreover, research on their effi cacy is limited. The devel-
opment of a sclerotic ring at the proximal end of the limb 
or edema of the genitalia needs to be avoided.13,28

It is essential to make measurements at baseline, at 
follow-up, and at the end of the treatment. Circumferen-
tial measurements can be transformed to volume mea-
sures, particularly for clinical trials. Also, if it is available, 
more expensive equipment to determine volume is help-
ful. For example, the Perometer takes multiple measures 
of vertical and horizontal diameter as the frame moves 
along the leg.30 Bioelectrical impedance will measure the 
fl uid resistance but does not assess the skin texture.31

Even magnetic resonance imaging has been used to cal-
culate volume, but it is expensive and slow.

Repeated measures of the visual analogue scale for the 
patient’s symptoms (heaviness, tightness, hardness, numb-
ness, stiffness, pain, or weakness) are also appropriate to 
quantify the patient’s progress.20

Exercise for patients with lymphedema has been an area 
of controversy. The movement exercises, including pas-
sive and active movements plus tension (isometric) of 
the surrounding muscles of the limb after manual lym-
phatic drainage, are well accepted.32 Clinical trials using 
progressive resistive exercises after cancer treatments are 
showing benefi ts and no increased risk for aggravation 
of lymphedema.33,34 For those with lymphedema, exer-
cises are recommended with the affected limb bandaged 
or with a compression elastic sleeve.

Surgery
Debulking Surgery

Debulking is the removal of excess skin on a severely 
edematous limb. The major disadvantage is the removal 
of superfi cial lymphatics and collaterals and further 
obliteration of the lymphatic system. Debulking is use-
ful in cases of elephantiasis with advanced fi brosclerotic 
lymphedema23 (Fig. 124-4).

Microsurgery

This is a surgical technique that uses a lymphatic collec-
tor or vein segment to restore lymphatic continuity. It 
appears to be benefi cial if it is performed in early 
lymphedema.5,35-37

Liposuction

In some cases, nonpitting lymphedema is caused by 
excess fat deposition that does not respond to nonop-
erative treatment; these have, reportedly, been improved 
with liposuction. Still, patients will need to wear a low-
stretch elastic garment long term.38

Lymph Node Dissection

Whereas the number of lymph nodes dissected is a 
major risk factor for the development of lymphedema 
after cancer treatment, the advent of sentinel node 

biopsy has also helped reduce the dreadful complica-
tion of lymphedema.39 Sentinel node biopsy reduces 
the number of lymph nodes resected by the injection 
of a subcutaneous blue dye or a radioactive tracer on 
the affected breast that will travel to the fi rst lymph 
node (sentinel node). A Geiger counter then traces the 
injected dye. The sentinel node is sampled, and the 
biopsy specimen is sent for pathologic examination. 
No further excision is necessary if no cancer cells are 
found in that node.

POTENTIAL DISEASE COMPLICATIONS
Cellulitis can be a risk factor for development of lym-
phedema or a complication of lymphedema. Other in-
fections that can occur are erysipelas and lymphangitis 
(Fig. 124-5). These cases require immediate therapy 
with antibiotics.

Malignant lymphedema is a condition in which cancer 
cells invade the lymph nodes or the tumor bulk di-
rectly compresses the lymph nodes. This condition 
necessitates treatment of the underlying disease, and 
although patients can receive physical therapy, the 
response is poor.4

POTENTIAL TREATMENT 
COMPLICATIONS
Potential treatment complications that usually arise 
from underlying conditions are congestive heart failure 
and malignant effusions, which might tilt the balance 

FIGURE 124-4. Patient with elephantiasis before and after debulking 
surgery and graft. (Courtesy of Dr. Lori Pounds, University of Texas Medical 
Branch, Galveston, Tex.)
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to a high-output failure because of massive fl uid or ve-
nous return. Medical management is crucial to success-
ful volume reduction.

In malignant lymphedema, manual lymphatic drainage 
raises concerns about spreading of cancer cells through-
out the body by mobilization of tumor thrombi that 
have already spread to the lymph collectors. The prog-
nosis in this population is already poor, and therefore 
any reduction in swelling is perceived as palliative and 
capable of improving quality of life.13,25

10. Petrek JA, Heelan MC. Incidence of breast carcinoma–related 
lymphedema. Cancer 1998;83:2776-2781.

 11. Petrek JA, Senie RT, Peters M, Rosen PP. Lymphedema in a co-
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FIGURE 124-5. Layers of the skin affected by various infections. Erysipelas originates at the dermal papillae. Cellulitis is subcutaneous, and lymphangitis 
originates at the lymphatic vessels. (Modifi ed with permission of The McGraw-Hill Companies.)
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DEFINITION
The term motor neuron disease refers to a progressive neuro-
muscular disorder in which upper or lower motor neurons 
degenerate. The most common form of motor neuron 
disease is amyotrophic lateral sclerosis (ALS), which is the 
primary focus of this chapter. Management principles for 
other forms of motor neuron disease are similar. To meet 
diagnostic criteria for ALS, an individual must have both 
upper and lower motor neuron dysfunction. If only lower 
motor neuron dysfunction is present, the disease is called 
progressive muscular atrophy; if only upper motor neuron 
dysfunction is present, it is called primary lateral sclerosis. 
If only bulbar dysfunction is present, the disease is called 
progressive bulbar palsy. Most patients initially diagnosed 
as having progressive muscular atrophy, primary lateral 
sclerosis, or progressive bulbar palsy eventually have 

full-blown ALS. Those who do not convert to ALS have a 
slower rate of disease progression.

Most cases of ALS are idiopathic. However, 5% to 10% 
of patients have a familial form, usually transmitted in 
an autosomal dominant fashion. In approximately 20% 
of these familial cases, mutations in SOD1 (superoxide 
dismutase) can be identifi ed. Other rare forms of inher-
ited adult motor neuron disease are Kennedy disease 
(X-linked recessive) and adult spinal muscular atrophy 
(autosomal recessive), which both have only lower mo-
tor neuron dysfunction.

ALS rapidly produces skeletal muscle weakness, eventu-
ally leading to the requirement for ventilatory support or 
death from respiratory failure. The onset of weakness 
may be in any limb, the bulbar muscles, or the respira-
tory muscles. The extraocular muscles and bowel and 
bladder function are generally spared. Mean survival, 
without tracheostomy, is 3 years from symptom onset, 
but the range may be less than 1 year to more than 
20 years. One explanation for the extreme variability in 
rate of disease progression is that ALS is probably a het-
erogeneous group of diseases rather than a single 
disease.1 The mean age at onset is in the mid-50s, but 
ALS may develop in adults of any age. The cause of the 
disease is unknown, but leading theories concerning 
pathogenesis implicate glutamate excitotoxicity, oxida-
tive stress, neuroinfl ammation, microglial cell activa-
tion, apoptosis, and mitochondrial dysfunction.

SYMPTOMS
Patients with upper motor neuron syndrome may pre-
sent with spasticity, loss of dexterity, stiffness, weakness 
due to spasticity, and loss of voluntary motor control.

Patients with lower motor neuron syndrome may pre-
sent with weakness, fasciculations, muscle atrophy, and 
muscle cramps.

Bulbar symptoms include dysarthria, dysphagia, sialor-
rhea (drooling), aspiration, and pseudobulbar affect 
(laughter or crying discordant with mood).

Respiratory failure and constitutional symptoms of 
weight loss and generalized fatigue may be present. 

125Motor Neuron Disease

Lisa S. Krivickas, MD

Synonyms
Amyotrophic lateral sclerosis (Lou Gehrig’s disease)
Progressive muscular atrophy
Primary lateral sclerosis
Progressive bulbar palsy
Adult spinal muscular atrophy
Spinobulbar muscular atrophy (Kennedy disease)

ICD-9 Codes
335.1 Spinal muscular atrophy
335.2 Motor neuron disease
335.10 Spinal muscular atrophy, unspecifi ed
335.11 Kugelberg-Welander disease

Spinal muscular atrophy: familial, juvenile
335.19 Other

Adult spinal muscular atrophy
335.20 Amyotrophic lateral sclerosis

Motor neuron disease (bulbar) (mixed type)
335.21 Progressive muscular atrophy

Duchenne-Aran muscular atrophy
Progressive muscular atrophy (pure)

335.22 Progressive bulbar palsy
335.23 Pseudobulbar palsy
335.24 Primary lateral sclerosis
335.29 Other

R E H A B I L I T A T I O N
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Cognitive symptoms include behavioral or executive 
dysfunction and frontotemporal dementia in a minority 
of patients.

PHYSICAL EXAMINATION
The emphasis of the physical examination of a patient 
with suspected or diagnosed motor neuron disease is on 
the neurologic, musculoskeletal, and cardiorespiratory 
systems. On neurologic examination, one is looking for 
evidence of upper and lower motor neuron dysfunction. 
The mental status, non-motor cranial nerve function, sen-
sory examination, and cerebellar examination fi ndings 
are usually normal. The “gold standard” for the diagnosis 
of upper motor neuron disease is the presence of patho-
logic refl exes—the Babinski sign, Hoffmann sign, and 
brisk jaw jerk. Patients with ALS may be hyperrefl exic or 
hyporefl exic, depending on the stage at which they are in 
the disease process and whether they have a predomi-
nance of upper or lower motor neuron disease. Evidence 
of lower motor neuron disease includes muscle weakness, 
atrophy, hypotonia, hyporefl exia, and fasciculations. Atro-
phy often appears fi rst in the hand intrinsic muscles. Al-
though fasciculations are not a necessary criterion for the 
diagnosis of ALS, one should question the diagnosis 
when none are observed. The tongue is examined for fas-
ciculations and atrophy, and tongue strength and range 
of motion are assessed. The musculoskeletal examination 
focuses on assessment of range of motion and evaluation 
of painful joints or soft tissue structures. Because progres-

sive respiratory failure develops, the cardiorespiratory 
system should be assessed at each visit. Forced vital capac-
ity (FVC) can be measured with a hand-held spirometer 
in the offi ce setting.

FUNCTIONAL LIMITATIONS
The majority of the functional limitations that develop 
in patients with ALS are the direct or indirect result of 
muscle weakness. As the disease progresses, patients 
have impaired mobility and diffi culties with perfor-
mance of even the most basic activities of daily living, 
such as feeding themselves. Bulbar muscle weakness 
produces dysarthria (diffi culty speaking) and dysphagia 
(diffi culty swallowing); eventually, some patients be-
come anarthric and unable to swallow even their own 
saliva. Reactive depression, generalized fatigue, and 
musculoskeletal pain may further limit function.

DIAGNOSTIC STUDIES
The diagnosis of ALS is based on appropriate physical 
examination and electrodiagnostic fi ndings and the use 
of neuroimaging and clinical laboratory studies to ex-
clude other conditions that may mimic ALS. All patients 
should undergo electrodiagnostic testing. The revised El 
Escorial criteria are currently used to diagnose ALS.2
They classify the certainty level of the diagnosis into one 
of fi ve categories: defi nite, probable, probable with lab-
oratory support, possible, and suspected (Fig. 125-1). 

FIGURE 125-1. El Escorial criteria for the diagnosis of ALS. EMG, electromyography; NCV, nerve conduction velocity; LMN, lower motor neuron; 
UMN, upper motor neuron.
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The motor system is divided into four regions: bulbar, 
cervical, thoracic, and lumbosacral. Clinical evidence of 
upper and lower motor neuron disease is sought in each 
region. The certainty level of diagnosis depends on how 
many regions reveal upper motor neuron or lower mo-
tor neuron disease. Electrophysiologic fi ndings can be 
used both to confi rm lower motor neuron dysfunction 
in clinically affected regions and to detect lower motor 
neuron dysfunction in clinically uninvolved regions.

Imaging studies are used to exclude possibilities other 
than motor neuron disease from the differential diag-
nosis. Magnetic resonance imaging is the primary imag-
ing modality in the evaluation of patients with sus-
pected ALS. Almost all patients should have magnetic 
resonance imaging of the cervical spine to exclude cord 
compression, syrinx, or other spinal cord disease. The 
location of symptoms will dictate whether other regions 
of the spinal cord should be imaged. In those present-
ing with bulbar symptoms, brain magnetic resonance 
imaging should be performed to exclude stroke, tumor, 
syringobulbia, and other pathologic processes.

In most neuromuscular clinics, a routine panel of labo-
ratory tests is performed for all patients thought to 
have ALS. A suggested set of such tests is provided in 
Table 125-1. The rationale behind the performance of 
this extensive battery of tests is to assess the general 
health of the patient and to exclude treatable condi-
tions. The differential diagnosis, developed after the 
history and physical examination, may suggest that 
more specialized testing be performed. Table 125-2 sug-
gests additional tests that may be warranted when the 
presentation is with the progressive muscular atrophy, 
primary lateral sclerosis, or progressive bulbar palsy 
phenotype. When there is a family history of motor 
neuron disease, SOD1 testing may be considered.

TREATMENT
Initial

Pharmacologic

Although there is not yet a cure for ALS, signifi cant re-
search advances are being made in an attempt to iden-
tify drugs that will slow disease progression. Offering 
patients pharmacologic treatment of their disease has 
psychological benefi ts that may outweigh the actual 
slowing of disease progression that currently can be 
achieved. Riluzole (Rilutek) is the only drug approved 
by the Food and Drug Administration (FDA) specifi cally 
for treatment of ALS. However, many neuromuscular 
experts recommend that their patients also take a com-
bination of antioxidant vitamins and supplements.

Riluzole, an antiglutamate agent, was approved by the 
FDA for treatment of ALS in 1995 after two clinical trials 
showed that the drug slowed disease progression.3,4 A 
Cochrane review reporting a meta-analysis of riluzole 
clinical trials showed a survival benefi t of approximately 
2 months.5 Unfortunately, no functional benefi t was 
derived as strength declined at a similar rate in those 

taking riluzole and placebo. The recommended dose of 
riluzole is 50 mg twice daily. The most common adverse 
side effects are fatigue, nausea, and elevation of hepatic 
enzymes. Riluzole is contraindicated in those with he-
patic enzyme activity of more than fi ve times the upper 
limit of normal.

Because oxidative stress due to excessive free radical 
production in motor neurons is one of the proposed 
pathogenic factors in ALS, many physicians recommend 
a variety of antioxidants; vitamin E, vitamin C, and co-
enzyme Q10 are the most frequently used. No double-
blind, placebo-controlled trials have proved the effi cacy 
of these treatments. Safe recommended daily doses are 
1000 to 3000 mg of vitamin C, 400 IU of vitamin E, and 
up to 1200 mg of coenzyme Q10.

TABLE 125-1 Suggested Laboratory Studies

Hematology

Complete blood count

Sedimentation rate

Chemistry

Electrolytes, blood urea nitrogen, creatinine

Glucose

Hemoglobin A1c

Calcium

Phosphorus

Magnesium

Creatine kinase

Liver function tests

Serum lead level

Urine heavy metal screen

Vitamin B12

Folate

Endocrine

Thyroxine

Thyroid-stimulating hormone

Immunology

Serum immunoelectrophoresis

Urine assay for Bence Jones proteins

Antinuclear antibody

Rheumatoid factor

Microbiology

Lyme titer

VDRL test

Optional

Human immunodefi ciency virus test (if risk factors are present)

Anti-Hu antibody (if malignant disease is suspected)

DNA test for SOD1 mutation (with family history)
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TABLE 125-2 Specialized Laboratory Testing

Phenotype Test Diagnosis Excluded

Progressive muscular atrophy DNA test: CAG repeat on X chromosome Kennedy disease

DNA test: SMN gene mutation Spinal muscular atrophy

Hexosaminidase A Hexosaminidase A defi ciency (heterozygous 
Tay-Sachs disease)

Voltage-gated calcium channel antibody test Lambert-Eaton myasthenic syndrome

Cerebrospinal fl uid examination Polyradiculopathy, infectious or neoplastic

GM1 antibody panel Multifocal motor neuropathy

Primary lateral sclerosis Very long chain fatty acids Adrenoleukodystrophy

Human T-lymphotropic virus 1 
(HTLV-1) antibodies

HTLV-1 myelopathy (tropical spastic paraparesis)

Parathyroid hormone Hyperparathyroid myelopathy

Cerebrospinal fl uid examination Multiple sclerosis

Progressive bulbar palsy Acetylcholine receptor antibodies Myasthenia gravis

DNA test: CAG repeat on X chromosome Kennedy disease

Cerebrospinal fl uid examination Multiple sclerosis

The differential diagnosis depends on whether the 
presentation is primarily lower motor neuron, upper 
motor neuron, bulbar, or mixed lower and upper 
motor neuron.

Lower Motor Neuron Only

Progressive muscular atrophy

Spinal muscular atrophy

Kennedy disease

Poliomyelitis, post-poliomyelitis syndrome

Benign monomelic amyotrophy

Hexosaminidase A defi ciency

Polyradiculopathy

Multifocal motor neuropathy with conduction block

Chronic infl ammatory demyelinating polyneuropathy

Motor neuropathy or neuronopathy

Lambert-Eaton syndrome

Plexopathy

Benign fasciculations

Upper Motor Neuron Only

Primary lateral sclerosis

Multiple sclerosis

Adrenoleukodystrophy

Subacute combined systems degeneration

Hereditary spastic paraparesis

Myelopathy

Syringomyelia

Bulbar

Progressive bulbar palsy

Myasthenia gravis

Multiple sclerosis

Foramen magnum tumor

Brainstem glioma

Stroke

Syringobulbia

Head and neck cancers

Polymyositis

Oculopharyngeal muscular dystrophy

Kennedy disease

Upper and Lower Motor Neurons

ALS

Cervical myelopathy with radiculopathy

Syringomyelia

Spinal cord tumor or arteriovenous malformation

Lyme disease

Differential Diagnosis
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Recent negative ALS clinical trials have tested a num-
ber of growth factors, creatine, glutamate antagonists, 
anti-infl ammatory agents (celecoxib), calcium chan-
nel blockers, and amino acids.6 At present, trials of 
neurotrophic factors, antioxidants, glutamate antago-
nists,  coenzyme Q10, and tamoxifen are ongoing. In 
the future, a cocktail approach to slowing of disease 
progression may be the ideal treatment strategy.7

A number of drugs are useful for treatment of spasticity, 
sialorrhea, pseudobulbar affect, depression, and anxiety.

Spasticity requires treatment only if it interferes with 
function. Nonpharmacologic management involves 
teaching patients stretching exercises and positioning 
techniques that decrease muscle tone. Baclofen (Lioresal) 
is the most effective pharmacologic agent, followed by 
tizanidine (Zanafl ex). Diazepam (Valium) should be 
avoided because it may suppress respiration, and dan-
trolene (Dantrium) is not recommended because it 
causes excessive muscle weakness. In general, pharmaco-
logic management of spasticity is less successful in ALS 
than in multiple sclerosis or spinal cord injury because 
the lower motor neuron component of ALS makes pa-
tients extremely susceptible to the development of exces-
sive weakness.

Patients with bulbar dysfunction experience sialorrhea 
because they have diffi culty swallowing and managing 
the oral secretions they normally produce. A variety of 
anticholinergic drugs may be used to dry the mouth. 
Tricyclic antidepressants are often tried fi rst but may not 
be tolerated because of adverse side effects (dry mouth, 
somnolence, urinary retention). One benefi t of the tri-
cyclic antidepressants is that they may treat other ALS-
related symptoms, such as pseudobulbar affect (see next 
paragraph for defi nition), insomnia, and pain. Tricyclic 
antidepressants are contraindicated in patients with 
cardiac arrhythmia or conduction disorder. When tricy-
clic antidepressants are not tolerated, a scopolamine 
patch (Transderm Scop) or glycopyrrolate (Robinul) 
may be helpful. If these treatments are inadequate, pa-
tients may benefi t from injection of botulinum toxin 
into the salivary glands.8

Pseudobulbar affect, also sometimes called emotional 
incontinence, refers to the patient’s inability to accu-
rately portray emotions being experienced. Patients 
laugh or cry when they are experiencing sadness or 
happiness, respectively. They also may have an exag-
gerated response to situationally appropriate feelings. 
Amitriptyline (Elavil), a combination of dextrometho-
rphan (Robitussin, Drixoral) and quinidine, or fl uvox-
amine (Luvox) may help blunt the intensity of these 
inappropriate or exaggerated reactions. A combination 
preparation of dextromethorphan and quinidine was 
found to be effective in a large randomized clinical 
trial,9 but this combination has not yet been approved 
by the FDA.

Reactive depression and anxiety are both normal re-
sponses to a diagnosis of ALS.10 Patients and their fami-
lies may benefi t from individual counseling and partici-
pation in ALS support groups. Anxiety may be treated 

with benzodiazepines as long as the patient does not 
have signifi cant reduction of vital capacity. Undetected 
hypoventilation may produce or contribute to preexist-
ing feelings of anxiety. Depression should be treated 
pharmacologically because not treating it may have a 
signifi cant negative impact on the quality of life remain-
ing.11,12 Selective serotonin reuptake inhibitors are good 
fi rst choices because of their minimal side effects. How-
ever, the tricyclic antidepressants may be preferred if 
they are also needed to treat other symptoms, such as 
sialorrhea or pseudobulbar affect.

Rehabilitation
Skeletal muscle weakness is the primary impairment in 
ALS and causes the majority of the clinical problems. In 
the early stages of ALS, patients often inquire about the 
role of exercise in preventing or forestalling the devel-
opment of weakness. Later in the disease, rehabilitation 
strategies must be used to maintain function and to 
compensate for muscle weakness.

Three forms of exercise training are relevant to patients 
with ALS: fl exibility, strengthening, and aerobic exercise. 
Flexibility training helps prevent the development of 
painful contractures, nonpharmacologically decreases 
spasticity, and aborts painful muscle spasms. Tradition-
ally, physicians have been reluctant to recommend 
strengthening exercises because they fear that overuse 
weakness will accelerate disability. This philosophy pro-
motes the development of disuse weakness and muscle 
deconditioning, which may compound the weakness 
produced by ALS itself. The literature supporting the 
development of overwork weakness in neuromuscular 
patients is anecdotal, and overuse weakness has not 
been demonstrated in any controlled prospective stud-
ies. A single study of strength training has been pub-
lished in ALS. It demonstrates a slowing of decline in 
physical function and no adverse effects.13 Studies of 
patients with more slowly progressive neuromuscular 
diseases and post-poliomyelitis syndrome suggest that 
muscles only mildly affected by the disease process can 
be strengthened by a moderate resistance strengthening 
program.14-16 High-resistance eccentric exercise should 
be avoided because it may damage muscle.

I recommend that interested ALS patients begin or con-
tinue with a strengthening program to maximize the 
strength of unaffected or mildly affected muscles in an at-
tempt to delay the time at which function becomes im-
paired. Weight training should be performed with a weight 
that can be lifted 20 times, and the individual should be 
instructed to perform submaximal sets of 10 to 15 repeti-
tions; this ensures that the training is performed at a low 
to moderate level of resistance. If an exercise regimen 
consistently produces muscle soreness or fatigue lasting 
longer than half an hour after exercise, it is too strenuous.

Aerobic exercise helps maintain cardiorespiratory fi t-
ness. A study of moderate aerobic activity in patients 
with ALS demonstrated a short-term positive effect 
on disability; patients who exercised remained in a 
milder disease state longer.17 In addition, studies in a 
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transgenic mouse model of ALS have shown that aero-
bic exercise prolongs survival.18-20 Given the lack of any 
apparent contraindication, aerobic exercise training is 
recommended for patients with ALS as long as it can be 
performed safely without a risk of falling or injury. In 
addition to the physical benefi ts, strengthening and 
aerobic exercise may have a benefi cial effect on mood, 
psychological well-being, appetite, and sleep.

As ALS progresses, the rehabilitation focus shifts from 
exercise to maintenance of independent mobility and 
function for as long as possible. Interventions include 
assistive devices, such as canes, walkers, braces, hand 
splints, wheelchairs, and scooters; home equipment, 
such as dressing aids, adapted utensils, grab bars, raised 
toilet seats, shower benches, and lifts; home modifi ca-
tions (ramps, wide doorways); and automobile adapta-
tions such as hand controls, environmental control 
units, and voice-activated software. These rehabilitation 
interventions are best provided by a multidisciplinary 
team that includes physiatrists, physical therapists, oc-
cupational therapists, and orthotists.

Patients frequently develop musculoskeletal pain syn-
dromes, such as adhesive capsulitis (frozen shoulder) 
and low back pain and neck pain due to muscle weak-
ness and inability to change positions. Measures to 
prevent adhesive capsulitis include range of motion ex-
ercises and support of the arm as much as possible 
rather than allowing it to dangle at the side. Low back 
pain can be triggered by an uncomfortable seating sys-
tem. Preventive measures include a lumbar support for 
the wheelchair, a good cushion on a solid seat, encour-
agement of frequent weight shifts, and a reclining back 
or tilt-in-space wheelchair. Neck pain associated with 
head drop is one of the most diffi cult musculoskeletal 
pain issues to remedy. A variety of cervical collars may 
be tried. A head support on the wheelchair or a reclin-
ing lounge chair may be more comfortable than a collar. 
Acetaminophen, nonsteroidal anti-infl ammatory drugs, 
Lidoderm patches, and, if necessary, opioids should be 
used to alleviate musculoskeletal pain. Transcutaneous 
electrical nerve stimulation can also be used. The major 
concerns with opiate use are respiratory depression and 
constipation. The respiratory depression may be accept-
able in the late stages of the disease; in fact, morphine 
is a good way to relieve air hunger in the terminal 
stage.

Adequate swallowing function is necessary to maintain 
the nutritional status of the patient with ALS (unless a 
feeding tube is in place). If nutritional status is not 
properly maintained, patients tend to use muscle as 
fuel and thus lose muscle mass and strength earlier 
than they would otherwise.21 Swallowing dysfunction 
may also precipitate aspiration pneumonia or respira-
tory failure. Early signs and symptoms of dysphagia are 
drooling, a wet voice, coughing during or after drinking 
thin liquids, nasal regurgitation, and requiring an ex-
cessive amount of time to complete meals. Patients 
should be referred to a speech pathologist when the 
fi rst signs of dysphagia develop. Those with mild swal-
lowing diffi culties can be taught compensatory tech-

niques to reduce the risk of aspiration and choking.22

Recommendations may be given concerning modifi ca-
tion of food consistencies. The development of aspira-
tion pneumonia, loss of more than 10% of body 
weight, and requiring an excessive amount of time to 
eat such that quality of life is impaired are indications 
for feeding tube placement.

Early or mild dysarthria may be managed by having a 
speech therapist teach patients adaptive strategies, such 
as overarticulation and slowing of the speaking rate. In 
patients with hypernasal speech caused by palatal weak-
ness and primarily lower motor neuron dysfunction, a 
palatal lift or augmentation prosthesis often improves 
speech clarity.23 As dysarthria worsens, patients will re-
quire alternative forms of communication. Writing is a 
good alternative while hand function is intact. For those 
unable to write, low-technology interventions include 
letter and word boards. Higher technology solutions are 
augmentative communication devices that may have a 
voice synthesizer. As long as one muscle somewhere in 
the body can be voluntarily activated (including the 
extraocular muscles), the patient should be able to op-
erate a communication device. High-technology solu-
tions to communication problems are not suitable for 
all patients. Systems must be fl exible so that the method 
of access can be modifi ed as weakness progresses.

Respiratory failure is the primary cause of death in ALS. 
In the absence of underlying intrinsic pulmonary dis-
ease, the respiratory failure in ALS is purely mechanical. 
Because of muscle weakness, the lungs do not infl ate 
fully on inspiration. Most patients with ALS remain 
asymptomatic until the FVC is less than 50% of pre-
dicted. Pulmonary function tests, particularly the FVC, 
should be monitored every few months, depending on 
rate of disease progression. The earliest symptoms of 
respiratory failure are caused by nocturnal hypoventila-
tion and include poor sleep with frequent awakening, 
nightmares, early morning headaches, and excessive 
daytime fatigue and sleepiness. Another early sign of 
respiratory muscle weakness is a weak cough and diffi -
culty in clearing secretions.

The management of respiratory failure in ALS involves 
prevention of infection when possible and provision of 
mechanical ventilatory assistance. All patients with ALS 
should receive a pneumococcal vaccination and a yearly 
infl uenza vaccination. If the expiratory muscles are too 
weak to generate an adequate cough, patients can be 
helped by either manually assisted coughing or the 
Cough Assist (J.H. Emerson Co., Cambridge, Mass).24,25

Providing patients with supplemental oxygen can re-
lieve symptoms of air hunger and dyspnea but also may 
suppress respiratory drive, exacerbate alveolar hypoven-
tilation, and ultimately lead to carbon dioxide reten-
tion and respiratory arrest.26 Supplemental oxygen is 
recommended only for patients with concomitant pul-
monary disease or as a comfort measure for those who 
decline assisted ventilation. Discussion concerning the 
possibility of respiratory failure should be initiated 
soon after the diagnosis of ALS so that patients and 
their families can learn about their choices and, ideally, 
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make a decision about ventilator use in a noncrisis situ-
ation. Noninvasive respiratory muscle aids are not a 
permanent solution to respiratory failure but do pro-
vide many patients with additional time to make a de-
cision concerning tracheostomy. Ultimately, less than 
5% of ALS patients choose long-term ventilatory sup-
port by tracheostomy.27,28

Noninvasive positive-pressure ventilation (NIPPV) can 
be delivered through a variety of oral or nasal masks 
and interfaces by use of bilevel positive airway pressure 
(BiPAP) machines or portable volume-cycled ventila-
tors. BiPAP is the most commonly used form of NIPPV. 
Several studies suggest that use of NIPPV may prolong 
survival and slow the decline of FVC.29,30 The American 
Academy of Neurology’s practice parameter on ALS 
recommends that NIPPV be introduced when the FVC 
falls to 50% of predicted, or earlier if the patient is 
symptomatic.31 However, others have suggested that 
earlier introduction of NIPPV may improve survival 
and quality of life.32,33 Initially, NIPPV is used only at 
night. As FVC continues to decline, ventilator use ex-
tends into the day for varying periods and eventually 
becomes continuous.

Procedures
Management of Sialorrhea

Transtympanic neurectomy, salivary duct ligation, and 
parotid gland irradiation have been used to decrease 
saliva production but are associated with high failure 
and complication rates.34 Botulinum toxin injection 
into the salivary glands is a preferred method of man-
agement for patients who do not respond to pharmaco-
logic therapy.8

Gastrostomy Tube

Either a percutaneous endoscopic gastrostomy (PEG) 
tube or a radiologically inserted gastrostomy tube is 
recommended when a feeding tube is needed. The 
American Academy of Neurology’s practice parameter 
on ALS states that the morbidity and mortality of PEG 
tube placement increase when the FVC is below 50% 
of predicted31 and recommends placement before that 
time. However, later studies have shown that PEG 
tubes can be safely placed with BiPAP assistance in 
patients with lower FVCs.35,36 In addition, radiologi-
cally inserted gastrostomy tubes may be preferable in 
patients with low FVCs; less sedation is required, inci-
dence of aspiration is lower, and tube placement is 
more often successful.37 Two studies have suggested 
longer survival in patients choosing PEG tube place-
ment38,39 when they are compared with comparable 
patients refusing PEG.

Surgery
Tracheostomy

This is best performed on a planned basis when patients 
choose long-term ventilatory support. However, it is 
more frequently performed in a crisis situation. A cuff-

less tracheostomy tube or a tube with a defl ated cuff is 
preferred.

POTENTIAL DISEASE COMPLICATIONS
The potential disease complications are progressive 
weakness, joint contractures, musculoskeletal pain syn-
dromes, dysphagia, aspiration, dysarthria, depression, 
progressive respiratory failure, and death.

POTENTIAL TREATMENT 
COMPLICATIONS
The potential treatment complications include drug re-
actions (e.g., to riluzole, tricyclic antidepressants) and 
malfunction or infection of the PEG tube or radiologi-
cally inserted gastrostomy tube.

Complications of long-term ventilation by tracheos-
tomy are tracheomalacia, loss of extraocular move-
ments, totally locked-in state, and dementia.
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DEFINITION
Involuntary movement disorders can be characterized by 
either too little (hypokinetic) or too much (hyperkinetic) 
movement. Hypokinetic problems include Parkinson 
disease and Parkinson-like conditions, such as progres-
sive supranuclear palsy, vascular or trauma-induced 
parkinsonism, and multisystem atrophy (which encom-
passes the related disorders of Shy-Drager syndrome, 
striatonigral degeneration, and olivopontocerebellar 
degeneration). Hyperkinetic disorders include parkinso-
nian and non-parkinsonian tremor, tics, Gilles de la 
Tourette syndrome, dystonia, dyskinesias (including tar-
dive dyskinesias), hemifacial spasm, athetosis, chorea 
(including Huntington disease), hemiballismus, myoclo-
nus, and asterixis.

Depending on which diagnostic criteria are used, essen-
tial tremor has a prevalence ranging from 0.1% to 22%, 
roughly 20 times more common than Parkinson disease. 
Idiopathic Parkinson disease constitutes approximately 
85% of all the Parkinson-like conditions; neuroleptic-
induced Parkinson disease (7% to 9%), vascular parkin-
sonism (3%), multisystem atrophy (2.5%), and progres-
sive supranuclear palsy (1.5%) represent much smaller 
fractions. Relatively rare, Huntington disease occurs with 
a frequency in the population as low as 0.004% by some 
estimates.

SYMPTOMS
Parkinsonian patients commonly show a resting tremor, 
slowness of movement or bradykinesia, and a form of 
increased muscle tone called rigidity (see Chapter 132 
for more details). Other common features are reduction 
in movements of facial expression resulting in “masked 
facies,” stooped posture, and reduction of the ampli-
tude of movements (hypometria). Also seen are changes 
in speech to a soft monotone (hypophonia) and small, 
less legible handwriting (micrographia). Walking be-
comes slower, stride length is reduced, and pivoting is 
replaced with a series of small steps (turning “en 
bloc”).1-4 The following syndromes typically present 
with the listed features in addition to the characteristic 
symptoms of Parkinson disease (tremor and rigidity)5:

 ● Shy-Drager syndrome: autonomic failure with 
prominent postural hypotension

 ● Progressive supranuclear palsy: reduction in verti-
cal gaze and slowing of eye movements

 ● Vascular parkinsonism: early dementia with brisk 
tendon refl exes

 ● Multiple head trauma, “parkinsonism pugilistica”: 
early dementia with brisk tendon refl exes

 ●  Olivopontocerebellar degeneration: prominent 
intention tremor, imbalance, and ataxia

Tremors, the most common form of involuntary move-
ment disorders, are characterized by rhythmic oscillations 
of a body part. Tremors can be classifi ed as to the situa-
tion in which they are most prominent. Is the tremor 
most pronounced at rest or with movement? Tremors 
with movement are subdivided into those occurring with 
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Synonyms
Extrapyramidal disease
Hypokinesias
Hyperkinesias
Dyskinesias

ICD-9 Codes
307.2 Tics
307.20 Tic disorder, unspecifi ed
307.22 Chronic motor tic disorder
307.23 Gilles de la Tourette disorder
332 Parkinson disease
332.0 Parkinsonism or Parkinson disease: primary, idiopathic
332.1 Secondary parkinsonism

Parkinsonism due to drugs
333.0 Other degenerative diseases of the basal ganglia

Progressive supranuclear ophthalmoplegia
Shy-Drager syndrome

333.1 Essential and other specifi ed forms of tremor
333.2 Myoclonus
333.4 Huntington chorea
333.5 Other choreas
333.6 Idiopathic torsion dystonia
333.84 Organic writers’ cramp
781.0  Abnormal involuntary movements: abnormal head 

movements, spasms, fasciculation, tremor

R E H A B I L I T A T I O N
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maintained posture (postural or static tremor, tested by 
holding the arms out in front), with movement from 
point to point (kinetic or intentional tremor, tested by 
fi nger to nose pointing), or only with a specifi c type of 
movement (task-specifi c tremor). Tremors that are at their 
worst at rest are exclusively associated with Parkinson 
disease or other parkinsonian states (such as those pro-
duced by neuroleptics).6-10

Tics are sustained nonrhythmic muscle contractions 
that are rapid and stereotyped, often occurring in the 
same extremity or body part during times of stress. The 
muscles of the face and neck are usually involved, with 
movement of a rotational sort away from the body’s 
midline. They are commonly familial and often seen in 
otherwise normal children between the ages of 5 and 
10 years and usually disappear by the end of adoles-
cence. Tourette syndrome is characterized by motor and 
vocal tics lasting for more than 1 year and may involve 
involuntary use of obscenities and obscene gestures, 
although such behavior may be mild and transient and 
occurs only in a minority of affl icted persons.11,12

Dystonias are slow, sustained contractions of muscles 
that frequently cause twisting movements or abnormal 
postures. The disorder resembles athetosis but shows a 
more sustained static contraction. When rapid move-
ments are involved, they are usually repetitive and con-
tinuous. Dystonia often increases with emotional or 
physical stress, anxiety, pain, or fatigue and disappears 
with sleep. The dystonias are further classifi ed as focal, 
segmental, or multifocal on the basis of the distribution 
of muscles affected. Symptoms of hemifacial spasm 
usually begin in the orbicularis oculi and later involve 
other muscles innervated by cranial nerve VII.2,10,13,14

Tardive dyskinesia is a condition characterized by invol-
untary, choreiform movements of the face and tongue 
associated with chronic neuroleptic medication use. Com-
mon movements include chewing, sucking, mouthing, 
licking, “fl y-catching movements,” puckering, and smack-
ing (buccal-lingual-masticatory syndrome). Choreiform 
movements of the trunk and extremities can also occur 
along with dystonic movements of the neck and trunk.8

Athetosis is characterized by involuntary, slow, writhing, 
and repetitious movements. They are slower than chorei-
form movements and less sustained than dystonia. Ath-
etosis may be seen alone or in combination with other 
movement disorders and itself leads to bizarre but char-
acteristic postures. Any part of the body can be affected, 
but it is usually the face and distal upper extremities that 
are involved. Chorea presents as nonstereotyped, unpre-
dictable, and jerky movements that interfere with pur-
poseful motion. The movements are rapid, erratic, and 
complex and can be seen in any or all body parts but usu-
ally involve the oral structures, causing abnormal speech 
and respiratory patterns. Hemiballismus is an uncom-
mon disorder consisting of extremely violent fl inging of 
the arms and legs on one side of the body.8,15

Myoclonus is one of the most common involuntary 
movement disorders of central nervous system origin. It 
is characterized by sudden, jerky, irregular contractions 

of a muscle or groups of muscles. It can be subdivided 
into stimulus-sensitive myoclonus (refl ex myoclonus), 
appearing with volitional movement, muscle stretch, or 
superfi cial stimuli such as touch, and nonstimulus-
sensitive myoclonus, which occurs at rest (spontaneous 
myoclonus). Myoclonic movements can be either irreg-
ular or periodic.16,17

PHYSICAL EXAMINATION
A complete general history and physical examination 
are key to ruling out treatable causes of the presenting 
movement disorder, such as infectious (encephalitis), 
medication side effect (tardive dyskinesia), genetic 
(Tourette syndrome), or endocrinologic (tremor-associ-
ated thyrotoxicosis).

A good neurologic examination of patients thought to 
have a movement disorder helps identify an underlying 
causative condition, such as stroke (e.g., cerebrovascu-
lar-based Parkinson disease, hemiballismus, or ataxia), 
tumor, brain trauma, or even peripheral nerve injury–
associated focal dystonias. Other aspects of physical 
examination focus on characterization of the type of 
abnormal movements by detailing of their body distri-
bution (limb, trunk, head, face, or widespread), their 
quality (tremor, writhing, explosive, rigidity), their fre-
quency (rapid and repetitive or slow and sustained), 
and their general quantity or lack thereof (hyperactive 
or hypoactive).

For instance, essential tremor (senile tremor) is usually 
rapid and fi ne and occurs when the patient is asked to 
hold the arms outstretched, whereas parkinsonian tremor 
decreases with voluntary movement. Intention (cerebel-
lar) tremor is slow and broad, occurring at the end of 
a purposeful motion, as when the patient executes a fi nger 
to nose task. In addition to tests of cerebellar function, 
tests for upper motor neuron syndrome (hyperrefl exia, 
spasticity, presence of Babinski sign) may assist the 
examiner in distinguishing movement disorders more 
commonly associated with stroke or brain injury.

FUNCTIONAL LIMITATIONS
Functional limitations depend on the severity of the 
movement disorder. Some tremors and tics may be 
more a cosmetic and psychological concern, whereas 
severe postural disturbance in Parkinson disease or 
stroke-induced ataxia can clearly impair ambulation or 
upper extremity control. In Parkinson disease, postural 
changes, such as stooping with the development of per-
manent kyphosis, can occur after years of disease. De-
pression and social isolation are commonly seen in 
patients with Parkinson disease. Many physical activi-
ties require additional effort to be performed. This has 
a negative impact on quality of life, leading to declining 
effi ciency at work and, in many cases, abandonment of 
many leisure activities. Manual dexterity is invariably 
impaired as Parkinson disease worsens, affecting many 
daily activities, such as dressing, cutting food, writing, 
and handling small objects such as coins.3,18,19
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In cervical dystonia (torticollis), social stigmatization is 
a major concern, as are functional impairments, which 
can include driving, reading, and activities that involve 
looking down and using the hands. In another focal 
dystonia, writer’s or occupational cramp, the symptoms 
present in a certain posture or position; for instance, a 
patient may be able to write at a blackboard but not 
seated at a desk. With lingual involvement in oroman-
dibular dystonia, the tongue has abnormal movements 
during speaking or deglutition. The result of such dysto-
nias is impairment of speech and eating.14 In Hunting-
ton chorea, along with the choreiform movement, 
progressive dementia and emotional and behavioral 
abnormalities are seen. As the disease progresses, the 
presentation becomes less choreiform and more parkin-
sonian and dystonic (i.e., restricted motions, immobil-
ity, and unsteadiness of gait). Intellectual impairment 
and psychosis invariably occur and progress rapidly to 
become the most disabling features.15

DIAGNOSTIC STUDIES
In most cases of movement disorders, such as Parkinson 
disease, tardive dyskinesia, essential tremor, and dystonia, 
the diagnosis is made on the grounds of clinical examina-
tion and history; no one specifi c test is pathognomonic 
for the disease.4,5 However, underlying causes of many of 
the movement disorders, such as stroke, traumatic brain 
injury, tumor, infection, and metabolic or endocrinologic 
disease, should be evaluated with appropriate tests, in-
cluding head and spinal magnetic resonance imaging and 
computed tomography, cerebrospinal fl uid analysis, and 
blood serum analysis. Electrodiagnostic tests (electromy-
ography and nerve conduction studies) may be useful in 
some cases, such as focal dystonias, to rule out coexisting 
or causative peripheral nerve entrapment. Electroenceph-
alography is often helpful in distinguishing focal seizures 
from myoclonus or other repetitive movement presenta-
tions.16 More tests may be necessary to confi rm or to ex-
clude other diagnoses, such as human immunodefi ciency 
virus–related diseases, central nervous system infection, 
toxic exposures, and psychiatric illnesses.

Antiparkinson medications either replace dopamine 
(levodopa), acting as a postsynaptic (dopamine) ago-
nist, or reestablish the dopamine-acetylcholine balance 
in the striatum (anticholinergics). In addition, The cat-
echol O-methyltransferase inhibitors and monoamine 
oxidase B inhibitors increase the availability of le-
vodopa or dopamine by preventing their metabolism. 
Levodopa in combination with carbidopa (Sinemet) is 
the most effective medication for the relief of Parkin-
son disease, but it is usually not the fi rst medication 
given to a newly diagnosed patient. Loss of levodopa 
effi cacy usually develops within 3 to 5 years after the 
medication is begun, so an effort is made to manage 
early Parkinson disease with other medications. A guid-
ing principle is to start levodopa treatment in patients 
with symptoms that interfere with the performance of 
daily life functions despite other treatment. Anticholin-
ergic drugs such as trihexyphenidyl (Artane) are widely 
used to treat patients with early Parkinson disease, with 
tremor as their primary symptom. Amantadine (Sym-
metrel) is another useful medication in early Parkinson 
disease. Although its usefulness in early Parkinson dis-
ease is controversial, the monoamine oxidase inhibitor 
deprenyl or selegiline (Eldepryl) is widely given to 
newly diagnosed patients. Within 1 to 2 years, most 
patients will have suffi cient diffi culty with movement 
and daily activities to require levodopa. Gradually over 
the years, the patient’s frequency of dosing will increase 
and the total dose needed will increase, along with the 
need for other supplemental medications. The two 
most useful are bromocriptine (Parlodel) and pergolide 
(Permax).3,4,20,21

Propranolol is the most useful medication in treating 
essential tremor (the most common symptomatic 
tremor), task-specifi c tremor, and action tremor. Other 
� blockers have fewer side effects but are less effective. 
The anticonvulsant primidone and the benzodiazepine 
clonazepam are also effective antitremor drugs. Gaba-
pentin and botulinum toxin injections have also been 
demonstrated to be effective in tremor manage-
ment.7,9,22,23 Tics can be managed with neuroleptics; 
pimozide and haloperidol are generally effective, but 
sedation limits their use. Newer atypical neuroleptics 
may have fewer or different side effects, including ris-
peridone, quetiapine, olanzapine, and clozapine. Other 
medications shown to be of use include benzodiaze-
pines, clonazepam, clonidine, calcium channel block-
ers, and antidepressant agents.11,12 Anticholinergic 
medications, such as trihexyphenidyl and benztropine, 
are the most effective oral agents for both generalized 
and focal dystonias. Baclofen, carbamazepine, and the 
benzodiazepines, such as diazepam and clonazepam, 
are sometimes helpful. Dopamine-blocking or dopa-
mine-depleting agents may be used to treat some pa-
tients with dystonia. Focal dystonias are now com-
monly treated with botulinum toxin injections.14,24

(See the section on procedures.)

Replacement of the neuroleptic drug with substitute 
drugs may help some patients with tardive dyskinesia. 
The atypical neuroleptics clozapine and risperidone 
are useful to control psychosis in patients with tardive 

TREATMENT
Initial
Treatment is highly dependent on which specifi c category 
of movement disorder is present. Typically, pharmaco-
logic treatment is initiated when the symptoms become 
severe enough to cause discomfort or disability.

Differential Diagnosis

Seizures

Psychiatric illness

Spasticity, spasms
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dyskinesia without worsening of symptoms. Other 
drugs, such as benzodiazepines, adrenergic antagonists, 
and dopamine agonists, may also be benefi cial for sup-
pression of the movements. The most important step in 
the treatment of tardive dyskinesia is prevention by lim-
iting the use of neuroleptic medications.25 The response 
to drug therapy has been poor in patients with ataxia; 
many agents have been touted as useful (propranolol, 
isoniazid, carbamazepine, clonazepam, tryptophan, 
buspirone, thyroid-stimulating hormone), but none 
has demonstrated effi cacy.26 A number of drugs have 
been used to treat myoclonus and can be effective in 
some situations. These include diazepam, clonazepam, 
valproate, and levetiracetam (Keppra) as well as botuli-
num toxin injections.27

Rehabilitation
In general, the patient with Parkinson disease needs to 
be counseled to maintain a reasonable level of activity 
at all costs as physical exertion becomes more diffi cult 
and the risk of deconditioning increases. Exercises focus 
on proper body alignment (upright posture) and pos-
tural refl exes (response to dynamic balance challenges) 
as well as limb range of motion and strengthening of 
proximal musculature to assist in stair climbing and 
coming to a stand. Exercises are also aimed at the resto-
ration of diminished reciprocal limb motions and an 
increase in step length and can include treadmill train-
ing. The tendency to freeze can be reduced with visual 
targets, such as markers on the fl oor, counting, or 
marching rhythmically. The diffi culty in rising from sit-
ting surfaces can be addressed with elevated sitting sur-
faces (chair, toilet) and strategically placed grab rails or 
bars (bed, bathtub). Although wheeled walkers are use-
ful in assisting ambulation, particularly by preventing 
backward instability, patients with signifi cant postural 
defi cits may prefer more stable devices, such as a super-
market shopping cart or walking behind a wheelchair. 
Adaptive equipment is provided when defi cits in upper 
extremity control limit effi cient and safe function.28-31

Speech therapy is useful in patients with Parkinson dis-
ease to improve articulation and loudness as well as to 
diagnose and to manage dysphagia.32

In tremor, measures to reduce or to alleviate anxiety 
(e.g., biofeedback, relaxation exercises) are useful, as are 
strategies to control oscillation excursion with weights 
or other mechanical compensations.8 Lifestyle changes 
may include restriction of caffeine intake or other stim-
ulants that may temporarily augment symptoms. In 
addition, alcohol consumption may lead to transient 
improvement for many with essential tremor.9

Stretching exercises may be important for maintenance 
or recovery of range of motion for affected joints in a 
dystonic limb. Certain types of occupation-based focal 
limb dystonias (e.g., writer’s or musician’s cramp) may 
be treated with muscle reeducation techniques, includ-
ing biofeedback. A regular program of stretching exer-
cises may assist affected individuals in regaining full 
range of motion after a botulinum toxin injection has 
weakened a dystonic muscle. Some patients use so-called 

sensory tricks to temporarily relieve their symptoms. 
These commonly involve touching or stroking a particu-
lar spot on the skin. In addition, in some patients, cer-
tain types of braces may provide the same stimulation 
and be equally effective.8,14

Ataxic patients may benefi t from rehabilitation to help 
them learn compensatory techniques for performance 
of basic self-care and occupational activities and to as-
sess the benefi ts of weighted bracelets or similar devices 
to damp the oscillations. Gait training and education 
in the use of assistive devices for walking can prevent 
falls and enhance mobility in the ataxic individual.8
In disorders involving athetosis, ballismus, or Hunting-
ton disease, careful weighting of the extremities can 
help at times. Rehabilitation techniques involving im-
provement of coactivation and trunk stability, rhythmic 
stabilization, and traditional relaxation techniques 
including biofeedback have been mentioned as reason-
able strategies. Some have suggested value in oral de-
sensitization when hyperreactivity to sensory stimuli 
exists for reducing excessive facial movements in tar-
dive dyskinesia, but other rehabilitation strategies are 
not of proven utility.8

Procedures
Botulinum toxin injections are benefi cial in numerous 
hyperkinetic movement disorders including focal dysto-
nias, tremor, and myoclonus. Trigger point injections 
may provide relief in painful muscles associated with 
focal dystonias (e.g., cervical torticollis).

The muscles selected for botulinum toxin injection are 
based on understanding of the primary clinical patterns 
of spasticity or dystonia.

Direct injection by palpation technique may be ap-
propriate for superfi cial muscles; electromyography or 
electrical stimulation guidance is commonly used to 
identify deeper muscles. Each muscle is injected in 
one or more sites, the number being a function of 
the size of the muscle. Dosage is variable but typically 
does not exceed 400 units total body dose for a 
3-month period. Botulinum toxin A is reconstituted 
in the vial with preservative-free normal saline, at 
varying dilutions depending on the muscle size: very 
small muscles need 20 units per 0.1 mL; average size 
muscle, 10 units per 0.1 mL; and large muscles, 5 units 
or less per 0.1 mL.

The skin is cleaned with an alcohol or iodine swab and 
allowed to dry. When electromyography or electrical 
stimulation guidance is used, a specialized needle with 
an exposed tip connected by wire to the recording 
or stimulating device is needed. Needles are typically 
37 mm in length and 27-gauge; larger or smaller nee-
dles are often needed, depending on muscle size and 
depth. In adults, preanesthetization of the skin is usu-
ally unnecessary; in children, local anesthetic creams 
are helpful. When botulinum toxin is injected, aspira-
tion of the syringe to prevent injection into a blood 
vessel is standard technique. Before the injection, in-
formed consent is obtained.
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Surgery
Deep brain stimulation, thalamotomy, and pallidot-
omy have been used with success in some patients with 
Parkinson disease as well as other movement disorders 
(e.g. dystonia and tremor). In addition, peripheral de-
structive procedures such as myectomy, rhizotomy, and 
peripheral nerve denervation are occasionally per-
formed on individuals with dystonic limbs who have 
proved refractory to more conventional management. 
Cell transplants and gene therapies continue as experi-
mental tools under investigation.33,34

POTENTIAL DISEASE COMPLICATIONS
Many of the movement disorders, particularly Parkin-
son disease, are progressive and can result in muscle 
weakness and immobility, severe limb contractures, as-
piration of food and respiratory compromise, social 
isolation and depression, and intellectual impairment 
and dementia.

POTENTIAL TREATMENT 
COMPLICATIONS
Antiparkinson medications may have numerous side 
effects including nausea and other gastrointestinal 
symptoms, drowsiness, confusion, hallucinations, psy-
chosis, and motor dyskinesia.4,20 Similar adverse medi-
cation effects are described with other agents used to 
suppress unwanted movements. Botulinum toxin is 
generally well tolerated but can cause transient un-
wanted weakness in target or adjacent muscles, includ-
ing dysphagia. Risks associated with surgical approaches 
to central nervous system structures are considerable 
and need to be properly weighed before these options 
are selected.20
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DEFINITION
Multiple sclerosis (MS) can be defi ned as an infl amma-
tory disorder that results in damage primarily to myelin 
sheaths and oligodendrocytes and less so to axons and 
nerve cells in the central nervous system.1,2

The prevalence of MS has been estimated at 300,000 to 
400,000 in the United States and 2 million worldwide.3
The estimated cost in the United States is $10 billion.4-6

The disease usually becomes clinically apparent be-
tween the ages of 20 and 40 years, with a peak incidence 
at 24 to 30 years and onset as late as the seventh de-
cade.3,7 The disease appears twice as likely to develop in 
women as in men, and whites are more frequently diag-
nosed than are other races.3,7 Although 
African Americans may experience greater MS-related 
disability than white individuals do, the disease pro-
gresses similarly for both races.8,9

There are four common clinical courses in MS:

 ● Relapsing-remitting MS: Patients experience epi-
sodes of acute worsening of neurologic function 
followed by periods of remission. Patients may 
exhibit residual defi cits after the episode of exac-
erbation. Most patients start with this course.

 ● Secondary progressive MS: Patients initially expe-
rience a relapsing-remitting course followed by 
progression of the disease with or without addi-
tional episodes of exacerbation and improve-
ment. Most patients eventually transition to this 
disease course.

 ● Primary progressive MS: Patients experience a 
relentless progression of symptoms from the 
onset.

 ● Progressive relapsing MS: Patients experience a 
baseline progressive course with episodes of acute 
relapses followed by a return to the baseline pro-
gressive course.

MS can be diagnosed if there is evidence of two attacks 
separated by at least 1 month with clinical, laboratory, 
or imaging evidence of at least two lesions in the brain 
or spinal cord.2,3,10 Evidence may be obtained from 
clinical fi ndings, magnetic resonance imaging, cerebro-
spinal fl uid analysis, or visual evoked potentials.2,3 The 
most recent guidelines do not recommend the use of 
“clinically defi nite MS” or “probable MS”; the outcome 
of a diagnostic evaluation is MS, “possible MS,” or “not 
MS” (Table 127-1).2

SYMPTOMS
Symptoms of MS may involve multiple systems11

(Table 127-2). Motor symptoms typically include weak-
ness and spasticity.12 Up to 85% of patients with MS may 
experience spasticity, and as many as a third may be 
affected by spasticity that is severe enough to diminish 
their quality of life.13 Patients with MS may report parox-
ysmal spasms or nocturnal spasms, and MS may be re-
sponsible for the rapid development of a progressive 
paraparesis in association with sphincter dysfunction.

MS may be the cause of decreased or even absent sensa-
tion in various body parts, including sensory levels that 
most often affect the trunk. Paresthesia (uncomfortable 
abnormal sensation that may be described by the pa-
tient as pain, pins and needles, or tingling) can occur in 
up to 50% of patients with MS and most commonly is 
neuropathic.14,15 Lhermitte sign is an electric shock–like 
sensation that radiates down the spine to the legs when 
the neck is fl exed.16 It may occur in up to 40% of pa-
tients with MS.17 Multiple pain syndromes may occur in 
patients with MS18 (Table 127-3). Visual symptoms may 
include optic neuritis that results from infl ammation of 
the optic nerves and typically is manifested as retro-
orbital pain or painful eye movements. Visual defi cits 
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TABLE 127-1 Diagnostic Criteria for Multiple Sclerosis

Clinical Presentation Additional Data Needed for MS Diagnosis

Two or more attacks
Objective clinical evidence of 2 or more lesions

None

Two or more attacks
Objective clinical evidence of 1 lesion

Dissemination in space, demonstrated by MRI
or

Two or more MRI-detected lesions consistent with MS plus positive CSF
or

Await further clinical attack implicating a different site

One attack
Objective clinical evidence of 2 or more lesions

Dissemination in time, demonstrated by MRI
or

Second clinical attack

One attack
Objective clinical evidence of 1 lesion 

(monosymptomatic presentation; clinically 
isolated syndrome)

Dissemination in space, demonstrated by MRI
or

Two or more MRI-detected lesions consistent with MS plus positive CSF
and

Dissemination in time, demonstrated by MRI
or

Second clinical attack

Insidious neurologic progression suggestive 
of MS 

Positive CSF
and

Dissemination in space, demonstrated by (1) 9 or more T2 lesions in brain, or (2) 2 or more 
lesions in spinal cord, or (3) 4-8 brain lesions plus 1 spinal cord lesion
or

Abnormal VEPs associated with 4-8 brain lesions, or with fewer than 4 brain lesions plus 1 
spinal cord lesion demonstrated by MRI
and

Dissemination in time, demonstrated by MRI
or

Continued progression for 1 year

If criteria indicated are fulfi lled, the diagnosis is multiple sclerosis (MS); if the criteria are not completely met, the diagnosis is “possible MS”; if the criteria are fully 
explored and not met, the diagnosis is “not MS.”
CSF, cerebrospinal fl uid; MRI, magnetic resonance imaging; VEPs, visual evoked potentials.
Reprinted with permission from McDonald WI, Compston A, Edan G, et al. Recommended diagnostic criteria for multiple sclerosis: guidelines from the International 
Panel on the diagnosis of multiple sclerosis. Ann Neurol 2001;50:124.

TABLE 127-2  Common Symptoms in Multiple 
Sclerosis

Bladder symptoms Urgency, frequency, hesitancy, 
retention, incontinence

Bowel symptoms Constipation, urgency, incontinence

Cerebellar symptoms Incoordination, imbalance, tremor

Cognition Concentration, memory, executive 
dysfunction

Fatigue Lassitude, reduced endurance

Mood disorders Depression, anxiety, emotional lability

Motor Weakness, spasticity

Sensory symptoms Loss of sensation, positive sensations

Sexual dysfunction Decreased libido, erectile dysfunction

Vision Visual loss and double vision

Reprinted with permission from Goldman MD, Cohen JA, Fox RJ, Bethoux 
FA. Multiple sclerosis: treating symptoms, and other general medical issues. 
Cleve Clin J Med 2006;73:178.

can range from mild distortions to complete visual 
loss.19 Scotoma may be present as an area in the visual 
fi eld with absent or impaired vision and dyschromatop-
sia as imperfect color vision.19 Ocular motor defi cits 
usually include internuclear ophthalmoplegia and nys-
tagmus and are manifested as diplopia, blurry vision, 
and reading fatigue.19

Cerebellar symptoms may include tremor, which can 
range from mildly annoying to disabling, be gross or 
fi ne, and occur at rest or with purposeful actions. Vari-
ous parts of the body may be involved, including the 
head, the upper or lower limbs, and the trunk.

Constipation and bowel incontinence may occur in up 
to 54% of patients with MS.16 Factors contributing to 
bowel dysfunction include slowed colonic transit, de-
creased pelvic muscle function, sensory defi cits, and 
adverse effects of medications.20,21 More than 80% of 
patients with MS may suffer from bladder dysfunc-
tion.21-23 MS lesions in the spinal cord can result in a 
small spastic bladder due to detrusor overactivity. This 

Ch127_719-728-X4007.indd 720Ch127_719-728-X4007.indd   720 3/18/08 3:48:42 PM3/18/08   3:48:42 PM



Mult iple  Sc leros is 721

usually is manifested as urinary urgency, frequency, 
voiding of small amounts of urine, and eventually in-
continence.21,22 Bladder underactivity can result in re-
tention and overfl ow incontinence. Bladder dysfunction 
is often associated with urinary tract infections that can 
worsen MS symptoms. Sexual dysfunction commonly 
includes erectile and ejaculatory dysfunction in men, 
vaginal dryness in women, and increased time to 
arousal, decreased genital sensation, and decreased li-
bido in men and women.24 Factors contributing to sex-
ual dysfunction include disease progression, antidepres-
sants, fatigue, and depression.16,21,24

Involvement of cranial nerves VII, IX, X, and XII may 
result in dysphagia or swallowing diffi culties. These are 
manifested as coughing, frequent throat clearing, com-
plaints of food “sticking” in the throat, weight loss, 
weak voice, choking, or even aspiration pneumonia.25

Fatigue has been reported to occur in more than 90% of 
MS patients and is regarded as the most disabling symp-
tom in as many as 40% of these patients.26 MS-related 
fatigue has been described as “an overwhelming feeling 
of tiredness in those who have done little and are not 
depressed.”15

As many as 50% of patients with MS may have cognitive 
defi cits that are manifested as problems with memory, 
planning, concentration, judgment, problem solving, 
and processing speed.15,27,28 MS patients frequently re-
port heat intolerance with an exacerbation of symptoms 
in warm or humid environments.

PHYSICAL EXAMINATION
Infl ammation of the optic nerve may result in optic or 
retrobulbar neuritis manifesting as acute vision loss. Even 
after treatment, vision defi cits may persist in the form 
of poor vision, especially in dim light, or blind spots in 
the visual fi eld known as scotomas. Demyelination in 

the medial longitudinal fasciculus may result in varying 
degrees of horizontal nystagmus; involvement of the 
third cranial nerve may be manifested as a persistently 
enlarged pupil. Patients with MS may also complain of 
double vision attributable to weakened strength and 
coordination in the eye muscles. Cataracts may develop 
at an earlier age in the MS population because of the use 
of steroids. Visual problems may worsen with stress, 
increased temperature, and infection.29

Speech dysfunction may include dysarthria with dimin-
ished fl uency, slurring, decreased speed, and eventually 
incomprehensibility.

Sensory testing may reveal defi cits in pinprick, tempera-
ture, proprioception, or vibration. A sensory level may 
be evident.

Manual muscle testing can show varying degrees of mus-
cle weakness. The patient may exhibit poor control of a 
limb or insuffi cient clearance of the foot during gait. Spas-
tic gait may be another motor fi nding. Cerebellar involve-
ment may be manifested as dysmetria with past pointing 
on fi nger to nose testing and uncoordinated heel to shin 
movements. The Ashworth scale (or modifi ed Ashworth 
scale)30 is commonly used to measure the amount of 
spasticity, and the 88-item Multiple Sclerosis Spasticity 
Scale is a reliable and valid measure of the impact of spas-
ticity in patients with MS.31

Early in the course, deep tendon refl exes tend to be hy-
peractive. Decreased or absent refl exes can represent 
segmental levels of defi cit. Corticospinal tract involve-
ment may be evident with an asymmetric plantar re-
sponse or loss of the abdominal refl ex. Deep tendon 
refl exes can also be asymmetric; testing them in more 
than one position can determine the consistency of the 
fi ndings.

Cognitive testing may reveal multiple defi cits. These in-
clude defi cits in memory, problem solving, judgment, 
and concentration.

TABLE 127-3  Multiple Sclerosis Pain Syndromes and Their Treatment

Pain Syndrome Acute or Chronic Clinical Example Treatment Approaches

Neuralgia Both Trigeminal neuralgia Gabapentin, 100-900 mg three or four times daily
Carbamazepine, 200-400 mg three times daily (extended-release 

form also available)
Dilantin, 300-600 mg daily
Oxcarbazepine, 150-900 mg daily 
Amitriptyline, 10-100 mg daily at bedtime
Other tricyclic antidepressants
Baclofen (oral or intrathecal) as adjuvant therapy

Meningeal irritation Acute Optic neuritis Intravenous corticosteroids directed at underlying infl ammation

Sensory pain Both Paresthesias Same as for neuralgia

Skeletal muscle pain Chronic With spasticity or 
limited mobility

Rehabilitation (physical and occupational therapy)
Assistive devices
Nonsteroidal anti-infl ammatory drugs

Reprinted with permission from Goldman MD, Cohen JA, Fox RJ, Bethoux FA. Multiple sclerosis: treating symptoms, and other general medical issues. Cleve Clin J 
Med 2006;73:182.
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FUNCTIONAL LIMITATIONS
The combinations of defi cits in MS lead to diffi culties 
with activities of daily living and mobility. Weakness, 
incoordination, spasticity, or sensory defi cits may each 
or in combination contribute to falls. In addition to 
possible injuries, these falls may lead to decreased mo-
bility due to fear of repeated falls. Decreased mobility 
itself leads to further weakness, decreased endurance, 
and less independence. Weakness or spasticity can also 
lead to diffi culties with feeding and self-care, resulting 
in the need for personal care attendants. The MS Func-
tional Composite32 is a relatively new clinical measure 
developed by a task force of the National MS Society. It 
measures ambulation, arm and hand function, and cog-
nition and has been found to have greater reliability, 
sensitivity, and validity than the Kurtzke Expanded Dis-
ability Status Scale.3

Bowel and bladder dysfunction can contribute to many 
embarrassing moments in the community, causing 
patients with MS to fear leaving home or to become 
distracted by seeking out the locations of bathrooms 
in areas they plan to visit. Many resort to wearing dia-
pers or catheters. Fear of bladder incontinence may 
also lead a patient to decrease fl uid intake, resulting in 
dehydration.

Depression, insomnia, and fatigue can all contribute to 
activity intolerance.

Visual defi cits may limit activities such as driving 
and reading, thus limiting participation in work and 
recreation.

DIAGNOSTIC STUDIES
Magnetic resonance imaging is the most important test 
in the diagnosis and management of MS.2,33 The use of 
gadolinium allows enhancement of active infl amma-
tory lesions that represent areas with blood-brain 
barrier breakdown. These hyperintense lesions on 
T2-weighted images are more specifi c for MS if they are 
located in the cerebral white matter, especially the cor-
pus callosum, periventricular area, and brainstem.2,3

Cerebrospinal fl uid studies, visual evoked potentials, 
and brainstem auditory evoked potentials can assist in 
the diagnosis of MS when magnetic resonance imag-
ing fi ndings but not clinical fi ndings support a diag-
nosis of MS.2,3

TREATMENT
Initial
Treatment of patients with MS requires a multidisci-
plinary approach that should involve careful identifi ca-
tion of the symptoms with consideration given to the 
consequences of these symptoms. Symptoms then need 
to be prioritized and a treatment plan formulated with 
use, where appropriate, of nonpharmacologic interven-
tions fi rst.11

Education of the patient and family should be included 
in any initial treatment plan involving patients with MS. 
This provides information about a balanced diet,34

including adequate fl uid intake, weight control, and ap-
propriate exercise.35 The patient is encouraged to con-
tinue working and participating in recreational activities 
for as long as possible. Modifi cations may be necessary 
to allow these activities to continue. The health care 
providers, the family, and the patient should closely 
monitor emotional stability, especially mood, because 
such conditions as depression can contribute to disabil-
ity. Disabled parking placards can make the task of driv-
ing and parking more convenient for the disabled 
patient with MS.

High-dose methylprednisolone for 3 to 5 days has been 
established as effective treatment of acute relapses.36-39

This can be given in a home or hospital setting with 
similar effi cacy.40 Tapering doses of oral prednisone that 
follow the intravenous administration of corticosteroids 

Differential Diagnosis

Acute disseminated encephalomyelitis

Cerebrovascular disease

Primary cerebral vasculitis

Systemic lupus erythematosus

Polyarteritis nodosa

Familial cavernous hemangiomas

Eales disease with neurologic involvement

Sjögren syndrome

Infl ammatory central nervous system disease

Migratory sensory neuritis

Behçet disease

Lyme disease

Chronic fatigue syndrome

Neurobrucellosis

Neurosarcoidosis

Metastatic and remote effects of cancer

Multiple metastases

Paraneoplastic syndromes

Vitamin B12 defi ciency

Myasthenia gravis

Human T-lymphotropic virus 1–associated myelopathy

Acquired immunodefi ciency syndrome myelopathy

Other human immunodefi ciency virus syndromes

Adult-onset leukodystrophy

Herpes zoster myelitis

Arachnoiditis
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may be helpful, but more defi nitive evidence is needed 
to support the need for this. The medications approved 
by the Food and Drug Administration that are available 
as fi rst-line treatment to decrease the relapse rate in 
relapsing-remitting MS include interferon beta-1a 
(Avonex, Rebif), interferon beta-1b (Betaseron), and 
glatiramer acetate (Copaxone).41-45 These therapies were 
shown to decrease the relapse rate by about 30% during 
a 2-year period. Early use of interferon beta-1a has been 
shown to delay the onset of defi nite MS after the fi rst 
demyelinating event of MS,43 and treatment with inter-
feron beta-1b may delay the conversion to MS in pa-
tients with clinically isolated syndromes.46 The every-
other-day administration of interferon beta-1b was 
shown to be more effective than once-weekly interferon 
beta-1a in reducing ongoing infl ammation and demy-
elination in MS.47

Spasticity management can be complex. Some patients 
use their spasticity to assist with transfers or gait; there-
fore, spasticity should be treated only if it interferes with 
mobility or activities of daily living. The fi rst step is 
seeking and treatment of noxious stimuli, such as pain 
or infection, especially urinary tract infections, because 
such stimuli can exacerbate spasticity. Multiple treat-
ment options include physical therapy (see the section 
on rehabilitation), oral or intrathecal medications, and 
nerve or muscle blocks.

Oral baclofen is the usual fi rst-line treatment, starting 
with 5 mg two or three times per day and titrating up to 
a maximum of 80 mg per day in divided doses. Patients 
with severe spasticity may require and have been shown 
to tolerate higher doses (up to 160 mg/day).48 Weak-
ness is a potential side effect of baclofen, especially at 
the higher doses. Tizanidine, an �-adrenergic receptor 
antagonist, has been shown to be effective in reducing 
muscle tone in patients with MS.49,50 Dosing should be 
started at 2 mg and slowly increased to the effective 
dose of 24 to 36 mg/day in three divided doses.51 Side 
effects can include sedation, dry mouth, and weakness. 
Tizanidine may cause less weakness but more severe dry 
mouth compared with baclofen.49 Overall side effects 
were found to be minimal and temporary, with linear 
correlations between the dose, concentration, and anti-
spasticity effect of tizanidine.52

The newer antiepileptic gabapentin (Neurontin) has 
antispasticity properties53,54 and can be used as mono-
therapy or in addition to baclofen or tizanidine. It is 
usually started at 100 mg three times a day and can be 
titrated up to 3600 mg/day. Sedation is the most com-
mon side effect. An initial nighttime dose of 300 mg 
may be given for primarily nocturnal spasms, especially 
if they are accompanied by insomnia. Levetiracetam 
(Keppra), another newer anticonvulsant, showed prom-
ise for treatment of phasic spasticity.55 It may be added 
to a regimen when sedation limits the increase of other 
antispasticity medications.

Benzodiazepines such as diazepam (Valium) at 5 to 
7.5 mg and clonazepam (Klonopin) at 0.5 to 1.5 mg 
can be sedating and so are best used at bedtime for 
nocturnal spasms. They have addiction potential.

A third-line oral antispasticity option is dantrolene so-
dium, a direct-acting muscle relaxant. It may be best for 
the nonambulatory patient with MS with severe spastic-
ity who may be unaffected by the resultant weakness.11

Patients receiving dantrolene need to be monitored for 
toxic hepatitis, which can be fatal. Additional research is 
needed to fully determine the comparative effi cacy and 
tolerability as well as dosing guidelines for antispastic-
ity medications.50

Paroxysmal spasms, which can be quite severe, may be 
managed with the antiseizure medications carbamaze-
pine (Tegretol, Carbatrol), topiramate (Topamax), gaba-
pentin (Neurontin), and oxcarbazepine (Trileptal).15 Back 
spasms in patients with MS may respond to cyclobenza-
prine (Flexeril). Intractable spasticity may be managed 
with muscle or nerve blocks or intrathecal administration 
of baclofen (see the section on procedures).

Bladder dysfunction can be assessed with a urodynamic 
study, which can help determine the presence (or ab-
sence) of detrusor hyperrefl exia, detrusor-sphincter dys-
synergia, or detrusor arefl exia. Nonpharmacologic inter-
ventions for bladder dysfunction include timed voiding, 
minimizing the intake of bladder irritants such as caf-
feine, and regulation of fl uid intake. Detrusor hyperactiv-
ity may respond to anticholinergic medications,21,22,56,57

such as oxybutynin (Ditropan), 2.5 to 5 mg three times a 
day, or tolterodine (Detrol), 2 mg twice per day. Toltero-
dine may have fewer anticholinergic side effects.58 Trans-
dermal oxybutynin may offer even fewer side effects.59

Solifenacin succinate (VESIcare) is a newer anticholiner-
gic shown to be effective for overactive bladder.60 Detrusor 
underactivity may respond to cholinergic agents such as 
bethanechol (Urecholine), 10 to 50 mg titrated up to four 
times a day. An � blocker used in combination with 
bethanechol was shown to be more effective than mono-
therapy in the treatment of voiding dysfunction in pa-
tients with an underactive detrusor.61 Detrusor-sphincter 
dyssynergia may respond to botulinum toxin type A injec-
tions in the urethral sphincter.62 It is not infrequent for 
patients with bladder dysfunction eventually to need an 
intermittent catheterization program or continuous drain-
age by a suprapubic catheter. Urology consultation may 
be necessary for further workup and treatment in compli-
cated cases that are not responding well to medications or 
for those patients requiring suprapubic catheterization. 
Surgical procedures may be necessary (see the section on 
surgery). Sexual dysfunction can be treated with oral 
medications such as sildenafi l, vardenafi l, and tadalafi l if 
the problem is erectile dysfunction.63 Intraurethral or pe-
nile injections of papaverine or alprostadil,64,65 mechani-
cal vibrators, and vacuum devices can enhance arousal 
and orgasm.11 Treatment of sexual dysfunction should 
include counseling.66

Bowel dysfunction manifesting as constipation is best 
managed by establishment of a bowel program. This con-
sists of adequate fl uid intake, incorporation of fi ber, ad-
herence to a bowel elimination schedule, and judicious 
use of medications. Fluid intake should be at least 8 cups 
each day. Fiber can be found in such foods as raw fruits 
and vegetables, whole grains, nuts, and seeds.15 Bowel 
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elimination is most likely to occur shortly after a meal 
when the gastrocolic refl ex results in an increase in the 
movement of intestinal contents; allow up to 30 minutes 
of uninterrupted time. Depending on the cause of the 
constipation, bulk formers, stool softeners, laxatives, sup-
positories, or occasional use of enemas may be necessary. 
Diarrhea may be managed by bulk formers taken once per 
day without the extra fl uid as in treatment of constipa-
tion.29 Medications such as loperamide, to slow bowel 
activity, may be necessary in extreme cases. Workup 
should seek to eliminate other causes of diarrhea, such as 
Clostridium diffi cile infection or lactose intolerance.

Factors contributing to or mimicking fatigue should be 
ruled out or identifi ed and addressed. Common factors 
are thyroid dysfunction, anemia, sleep disturbance, and 
sedating medications.11 Treatment should include non-
pharmacologic16 (Table 127-4) and, if necessary, phar-
macologic interventions. First-line medications include 
amantadine26 (Symmetrel), started at 100 mg in the 
morning and early afternoon, or modafi nil67 (Provigil), 
100 to 400 mg in the morning. Pemoline (Cylert) and 
methylphenidate (Ritalin) are third-line medications.11,15

Aspirin has been shown to improve fatigue in patients 
with MS.68

The multiple pain syndromes in patients with MS are 
amenable to nonpharmacologic and pharmacologic 
interventions (see Table 127-3).11 Lhermitte sign may 
respond to lidocaine or mexiletine.69

Cognitive impairment can be detected during daily 
interactions with family, colleagues, and friends or 
during interactions with speech-language pathologists, 
physical therapists, and occupational therapists. For-
mal neuropsychological testing can determine the pres-
ence and severity of even subtle cognitive impairments. 
Speech-language pathologists can teach compensatory 

techniques, such as repetition and maintaining a mem-
ory book. Antidepressant medication and counseling 
can help improve the patient’s quality of life.15

Acute visual defi cits attributable to infl ammation may 
improve more rapidly after high-dose intravenous ad-
ministration of methylprednisolone. Prism lenses may 
help compensate for double vision. Regular patching 
should be avoided because this may prevent the brain 
from learning to compensate for double vision; patch-
ing can be limited to specifi c activities, such as watching 
television or reading.29

Rehabilitation
Physical therapy interventions to decrease spasticity in-
clude range of motion exercises, stretching, positioning, 
aerobic exercise, and relaxation techniques.15

The physical therapist may also improve mobility by 
training the patient to use various assistive devices to 
compensate for weakness and fatigue. The physical thera-
pist may also use transcutaneous electrical nerve stimula-
tion to assist with pain management. Physical therapists 
can teach aerobic exercises to prevent deconditioning, to 
improve endurance, and thus to delay or to minimize the 
effects of fatigue.70,71 Weakness due to the “short circuit-
ing” in demyelinated nerves, as can occur in MS, may be 
made worse if the patient exercises to the point of fatigue. 
Exercise programs should be individualized and updated 
as the patient’s condition changes. Occupational thera-
pists can help mitigate the effects of fatigue by teaching 
energy conservation and work simplifi cation through the 
use of various devices and techniques.

Ataxia and tremor can be diffi cult symptoms to manage. 
Weighted utensils and weights on the distal limbs or 
assistive devices may lessen the effect of the tremor on a 
patient’s function. Compensatory techniques taught by 
occupational therapy may improve activities of daily 
living. Medications for tremor may include � blockers, 
buspirone, and clonazepam.15

A speech-language pathologist can teach the patient 
techniques to improve speech intelligibility. Various 
oromotor exercises can help maintain oral muscle 
coordination.29 Swallowing dysfunction should be 
evaluated with a videofl uoroscopy study. The speech-
language pathologist can also help determine the saf-
est food texture for a patient with dysphagia. Severe 
dysphagia may require placement of a gastrostomy 
tube for nutrition to be maintained.

A vocational rehabilitation counselor can play an im-
portant role in integrating the disabled MS patient back 
into the workforce.

Procedures
Muscle or nerve blocks should be reserved for patients 
with focal spasticity or generalized spasticity with a focal 
target, such as hip adductor spasticity that interferes with 
toileting. The most commonly used agents are botuli-
num toxin and phenol.72,73 Intramuscular injection of 

TABLE 127-4  Nonpharmacologic Interventions 
for Management of Fatigue in Patients 
with Multiple Sclerosis

Intervention Method

Treat underlying factors 
that exacerbate 
fatigue

Correction of sleep disturbances
Treatment of depression
Reversal of thyroid abnormalities
Management of medication adverse 

effects

Improve physical fi tness Aerobic exercise

Improve mobility Physical and occupational therapy
Instruction in proper use of mobility 

aids and techniques

Teach energy 
conservation

Timed rest periods
Work simplifi cation techniques

Teach cooling 
techniques

Avoidance of heat
Use of cooling vests or other garments

Reprinted with permission from Crayton HJ, Rossman HS. Managing the 
symptoms of multiple sclerosis: a multimodal approach. Clin Ther 
2006;28:449.
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botulinum toxin to specifi c muscles usually takes effect 
within a week, peaks in 2 to 3 weeks, and lasts 3 to 
4 months. Side effects may include muscle weakness, 
atrophy, and diffusion to other muscles. The maximum 
recommended dose of botulinum toxin is 400 units at a 
minimum interval of 3 months.74,75 Resistance may de-
velop in 10% of patients by antibodies to the toxin.75

The neurolytic effect from phenol usually lasts 3 to 
12 months. Side effects of the procedure include local 
soreness, edema, and fi brosis.

Surgery
Intrathecal administration of baclofen from a pump 
implanted in the abdomen is a reasonable option when 
oral antispasticity medications or muscle and nerve 
blocks are not tolerated or effective. In rare cases, severe 
spasticity may need to be treated with rhizotomy, cor-
dectomy, or myelotomy76 and refractory tremors with 
deep brain stimulation,77 dorsal column stimulation,78

or thalamotomy.79,80 Augmentation cystoplasty may be 
an option in patients with detrusor hyperrefl exia that is 
refractory to conservative treatments.81

POTENTIAL DISEASE COMPLICATIONS
MS has the potential to progress in such a way as to 
render the patient severely disabled both physically and 
cognitively. Dysphagia may lead to aspiration pneumo-
nia that can cause death. Cervical myelopathy or severe 
demyelination in the brainstem may lead to respiratory 
failure. Complications related to the relative immobility 
include pneumonia, deep venous thrombosis, pulmo-
nary embolism, and decubitus ulcers. Neurogenic blad-
der may contribute to urinary tract infections and even 
urosepsis. Half the deaths are due to pneumonia, pul-
monary embolism, aspiration, urosepsis, and decubitus 
ulcers; respiratory complications account for most of 
the deaths.82 The other deaths are similar to those in the 
general population. There may be a higher incidence of 
suicide in patients with MS.83 If suicides are excluded, 
the life expectancy of patients with MS may be 6 to 
7 years less than that of the general population.84

POTENTIAL TREATMENT 
COMPLICATIONS
Corticosteroids may cause myriad adverse effects, in-
cluding osteoporosis, immunosuppression, edema, cat-
aracts, glaucoma, avascular necrosis, and myopathy. In-
terferon beta-1b and beta-1a may result in infl uenza-like 
symptoms and injection site reactions. Continued use 
of interferons may lead to the development of antibod-
ies, rendering them less effective.85 Baclofen and other 
antispasticity medications can lead to weakness. If oral 
or intrathecal baclofen is abruptly withdrawn, halluci-
nations or seizures may occur. Medications such as opi-
ates for severe pain and benzodiazepines for tremor and 
spasticity have abuse potential. Dantrolene for spastic-
ity may result in toxic hepatitis. Antidepressants may 
contribute to sexual dysfunction.
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DEFINITION
Myopathy is the common name for diseases derived 
from the muscle. Myopathies have different causes and 
different courses, that is, they may have acute, sub-
acute, or chronic presentations (Table 128-1). Myopa-
thies affect proximal or distal muscle groups; some of 
them also affect heart muscle, leading to cardiomyopa-
thy.1 Many myopathies are inherited disorders. An 
updated gene table is published online by Neuromuscu-
lar Disorders.2

Muscular Dystrophies
Muscular dystrophies are inherited disorders of muscle 
due to abnormal structural muscle proteins. They are 
characterized by progressive course and early onset 
(Table 128-2).

Congenital Myopathies
Congenital myopathies are a clinically heterogeneous 
group characterized by fi ndings on muscle biopsy. They 
are slowly progressive or nonprogressive and usually 
present in the neonatal period.

Metabolic Myopathies Including 
Mitochondrial Myopathies
Metabolic myopathies are a clinically heterogeneous 
group of muscle disorders resulting from inherited de-
fects in intracellular energy production. They may be 
manifested as cramps and myoglobinuria. Patients with 
cramps and myoglobinuria often have disorders in the 
glycogen or lipid metabolism pathways. They may be 
asymptomatic at rest but develop symptoms after exer-
cise. Mitochondrial myopathies may be a part of a neu-
rologic syndrome often involving the central nervous 
system.

Infl ammatory Myopathies
Infl ammatory myopathies are characterized by infl am-
matory changes in the muscle and are associated with 
infections or an immunologic process.3 They are di-
vided into polymyositis, dermatomyositis, and inclu-
sion body myositis.4 The course is acute or subacute and 
is almost always associated with an elevated serum cre-
atine kinase (CK) level.

Drug-Induced and Endocrine Myopathies
Drug-induced myopathies are caused by different drugs, 
for example, colchicine, azidothymidine (AZT), chloro-
quine, hydroxychloroquine, and corticosteroids. Myop-
athy due to intake of statins, the cholesterol-lowering 
agents, has been reported.5 Endocrine myopathies in-
clude both hyperthyroid and hypothyroid myopathies 
as well as myopathy due to hyperparathyroidism.

Myotonic Syndromes
A number of disorders are associated with clinical or 
electrical myotonia. The myotonic disorders are di-
vided into myotonic dystrophies and “pure” myoto-
nia.6 The myotonias are inherited disorders due to al-
terations in ion channels in the muscle and seldom 
give rise to persistent muscle weakness. Myotonic dys-
trophy or Steinert disease exists in a congenital and an 
adult form. Individuals with myotonic dystrophy may 

Synonym
Muscular dystrophies

ICD-9 Codes
359.0 Congenital hereditary muscular dystrophy
359.1 Hereditary progressive muscular dystrophy
359.2 Myotonic disorders
359.4 Toxic myopathy
359.5 Endocrine myopathy
359.6 Infl ammatory myopathy in other diseases
359.8 Other myopathies
359.9 Myopathy, unspecifi ed
710.3 Dermatomyositis
710.4 Polymyositis

Ch128_729-732-X4007.indd 729Ch128_729-732-X4007.indd   729 3/18/08 3:50:06 PM3/18/08   3:50:06 PM



730 R E H A B I L I T A T I O N

not notice any problems until adolescence or early 
adult life.7 The fi rst symptom may be diffi culty in re-
leasing an object due to myotonia. Progressive weak-
ness with onset in distal muscles follows. A newly rec-
ognized form has proximal muscle weakness (proximal 
myotonic myopathy, PROMM). The genetic background 

to myotonic dystrophy is an expansion of a CTG repeat 
in chromosome 19 (DMPK gene). The gene encodes a 
protein kinase that occurs in different tissues, leading, 
for example, to cardiomyopathy. The clinical affection 
is correlated to the number of repeats, and the number 
of repeats increases between generations, leading to a 
clinical anticipation.

SYMPTOMS
Muscle weakness, most often affecting proximal muscles, 
is the cardinal symptom. Nearly all myopathies affect the 
proximal muscles to the greatest extent. Another promi-
nent symptom is muscle fatigue. The earliest symptoms 
are often related to weakness of the hip and proximal leg 
muscles; patients experience diffi culty in rising from a 
chair and often require support of their arms. Compensa-
tion for leg extensor weakness by bracing of the legs with 
the hands and climbing with the hands on the legs in 
rising to a standing position is known as the Gower ma-
neuver. Walking up and down stairs may be diffi cult be-
cause of quadriceps and hip extensor weakness, respec-
tively. Weakness of proximal muscles in the upper 
extremities can be manifested as fatigue or inability with 
overhead tasks, such as hair brushing, brushing teeth, 
and lifting objects to elevated shelves.

In hereditary distal myopathies8 and inclusion body 
myopathy, the distal muscle weakness leads to footdrop 
and ankle instability as well as diffi culty with manual 
tasks, such as turning doorknobs and opening jars.

Pain is not a common symptom in myopathies. How-
ever, infl ammatory and metabolic myopathies are as-
sociated with pain. Exercise-induced pain suggests a 
metabolic myopathy; an exercise-induced weakness sug-
gests a neuromuscular junction disorder. The pain has 
an aching, dull, and crampy quality and is usually 
poorly localized.

TABLE 128-1 Myopathic Disorders

Muscular dystrophies

X-linked (dystrophinopathy)

Limb-girdle

Congenital

Facioscapuloperoneal

Scapuloperoneal

Distal myopathy

Congenital myopathies

Central core disease

Nemaline myopathy

Myotubular myopathy

Centronuclear myopathy

Desmin-related myopathy

Other

Metabolic myopathies

Glycogenosis

Lipid storage myopathies

Mitochondrial myopathies

Periodic paralysis

Infl ammatory myopathies

Polymyositis

Dermatomyositis

Inclusion body myositis

Other (e.g., viral)

Endocrine myopathies

Thyroid

Parathyroid

Adrenal, steroid

Pituitary

Drug induced/toxic
Myotonic syndromes

Myotonic dystrophy (DM type 1)

Proximal myotonic myopathy (PROMM; DM type 2)

Chloride channel myotonia (myotonia congenita Thomsen)

Sodium channel myotonia (paramyotonia congenita Eulenburg, 
hyperkalemic periodic paralysis)

Schwartz-Jampel

Drug induced

TABLE 128-2 Muscular Dystrophies

Disorder Inheritance*

Duchenne muscular dystrophy X-linked recessive

Becker muscular dystrophy X-linked recessive

Facioscapulohumeral dystrophy Autosomal dominant

Scapuloperoneal dystrophy Autosomal dominant

Limb-girdle dystrophy Autosomal recessive/dominant

Oculopharyngeal dystrophy Autosomal dominant

Distal myopathy/muscular 
dystrophy

Autosomal dominant/recessive

Congenital muscular 
dystrophy

Autosomal recessive/sporadic

Myotonic dystrophy Autosomal dominant

*Major forms of inheritance are noted, although several variations are also 
possible.
Reprinted with permission from Dumitru D. Electrodiagnostic Medicine. 
Philadelphia, Hanley & Belfus, 1995:1067.
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Symptoms of hypoventilation and cardiac failure should 
be considered.

PHYSICAL EXAMINATION
A general examination is performed to assess for signs 
of cardiac failure and rashes. Muscle atrophy assessment 
and testing of muscle strength are central and should 
involve examination of proximal and distal muscles in 
all extremities as well as facial muscles and neck fl exors 
and extensors. Hip girdle muscles are best isolated for 
strength testing while the patient is in the supine and 
prone positions. The tasks of walking, rising from a 
chair (or fl oor in pediatric patients), and stepping onto 
a low chair are often helpful in evaluating leg weakness. 
Examination of the shoulder may reveal winging of the 
scapula, a characteristic fi nding in facioscapulohumeral 
muscular dystrophy. Facial weakness and temporalis 
muscle wasting are also present in facioscapulohumeral 
muscular dystrophy and in myotonic dystrophy.

Range of motion at joints should be examined because 
contractures may have marked functional effects. Re-
fl exes should be normal or decreased proportional to 
muscle weakness in myopathies. Abnormalities on sen-
sory testing should suggest involvement of sensory 
nerves (i.e., a neuromuscular disorder).

FUNCTIONAL LIMITATIONS
The most common functional limitations are related to 
the prominent symptom of proximal weakness, which 
can have a marked effect on transfers, ascending and 
descending stairs, and ambulation. In severe myopa-
thies, patients may be restricted to wheelchair mobility. 
Proximal upper extremity weakness can interfere with 
activities of daily living, such as dressing, grooming, 
and cooking. Fatigue is common secondary to the in-
creased effort required with weakened muscles. Cardiac 
failure and respiratory insuffi ciency requiring ventila-
tion can result in diffi culty with daily activities and in-
creased fatigue. The dysphagia involved in some myopa-
thies may make eating time-consuming and diffi cult.

DIAGNOSTIC STUDIES
The serum CK concentration is the most important test 
in myopathies. Patients with Duchenne muscular dys-
trophy may have very high CK values. Serum CK con-
centration is usually elevated in infl ammatory myopa-
thies and metabolic myopathies. It is often normal or 
nearly normal in congenital myopathies.

Exercise, especially if it is strenuous or performed in a 
sedentary individual, can cause marked CK elevation. 
Thus, patients should be advised to abstain from strenu-
ous exercise for 5 days before serum CK testing. CK 
concentration may also be elevated in neuromuscular 
disorders, such as motor neuron disease.

Nerve conduction studies are important in cases of sus-
pected myopathy. The fi ndings of the sensory and 

motor nerve conduction studies are usually normal. 
However, distal compound muscle action potentials 
may be reduced. Exceptions include patients with inclu-
sion body myositis (30% have a sensory or sensorimo-
tor polyneuropathy).4 In cases with abnormal nerve 
conduction velocities, coexisting neuropathies such as 
diabetic polyneuropathy should be considered.

The electromyographic examination is helpful in the 
evaluation of myopathies. Primarily, the size of motor 
units is decreased by the dysfunction or loss of individ-
ual muscle fi bers, leading to motor unit action potentials 
that characteristically have decreased duration, decreased 
amplitude, and increased phases in contrast with the 
neuropathic motor unit action potential fi ndings. In ad-
dition, denervating potentials (fi brillations and positive 
sharp waves) occur in many myopathic disorders.

Muscle biopsy is often useful in the diagnosis of myopa-
thy. The selection of muscle for biopsy is important be-
cause a muscle that is end stage is likely to show only fi -
brotic replacement of muscle tissue, and an unaffected 
muscle may be normal. In an acute myopathy, it is best to 
select a muscle for biopsy that is clinically weak; in a 
chronic myopathy, it is best to select a muscle that is only 
mildly weak. The muscle selected should not have been 
sampled by needle electromyography, which may result in 
temporary infl ammation. The pathologist, to investigate 
possible causes, performs specifi c histochemical stains 
and occasionally electron microscopy on the specimen.

Magnetic resonance imaging may be an additional diag-
nostic tool in clinical practice. The pattern of muscle 
involvement is specifi c for the different entities.9

Genetic testing has become routine in the evaluation of 
many of the muscular dystrophies and is also useful in 
the evaluation of other chronic myopathies. A helpful 
resource is the journal Neuromuscular Disorders, which 
each month publishes a list of all known genetic neuro-
muscular disorders on the Web.2

Differential Diagnosis

Motor neuron disease

 Amyotrophic lateral sclerosis

 Late-onset spinal muscular atrophy

Neuromuscular junction disorders

 Myasthenia gravis

 Lambert-Eaton myasthenic syndrome

Motor neuropathies

  Demyelinating motor neuropathies, such as multi-
focal motor neuropathy and diabetic 
amyotrophy

Spinal stenosis or myelopathy

Parkinson disease

Poliomyelitis, post-poliomyelitis syndrome
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TREATMENT
Initial
Of great importance is an initial detailed explanation 
to the patient and the people in the near surrounding 
(e.g., relatives). Patients are informed that they must 
not exert themselves to the point of exhaustion. Referral 
to the Muscular Dystrophy Association is helpful for 
education and support of the patient.

Steroids are often effective in the treatment of infl amma-
tory myopathies (as are other immunosuppressants) 
and have been shown to slow progression in some mus-
cular dystrophies. Carnitine is used in lipid storage my-
opathies. Otherwise, the only therapeutic option is 
symptomatic treatment (e.g., pain treatment with differ-
ent analgesics).

Rehabilitation
Physical therapy and occupational therapy are often 
necessary for gait training and stretching. Assistive de-
vices, such as canes, walkers, and wheelchairs, as indi-
cated in a particular patient, can minimize disability. 
Assistive devices should be used, preferably after train-
ing with a physical therapist. Bracing may be helpful for 
footdrop.

Adaptive equipment may be prescribed to assist a pa-
tient with daily activities. Home adaptations, such as 
tub bars and entrance ramps, may be of great assistance 
to patients with proximal muscle weakness.

Exercise can help maintain joint range of motion. There 
has been debate about whether patients with muscle 
disorders benefi t from muscle training. An increasing 
knowledge based on the results from studies has led to 
new recommendations.10 High-resistance training at 
submaximal level seems to be benefi cial in slowly pro-
gressive disorders in the short perspective. In rapidly 
progressive disorders, such as Duchenne muscular dys-
trophy, high-resistance training is questionable. On the 
basis of this, moderate exercise not to the point of ex-
haustion is preferable. Of importance is to start muscle 
training early in the course of the disease so that there 
are still trainable muscle fi bers left.

The common opinion on muscle training in infl amma-
tory myopathies has changed during recent years. Pa-
tients with infl ammatory myopathies have been strongly 
advised to avoid exercise. However, a result from train-
ing studies has shown that muscle training has benefi -
cial effects on muscle function.11

Procedures
Assisted ventilation, including negative-pressure venti-
lation, noninvasive positive-pressure ventilation, and 
invasive positive-pressure ventilation (i.e., endotracheal 
tube or tracheostomy), may be indicated for patients 
with insuffi cient ventilation.12 Feeding tubes may be 
necessary for patients with dysphagia due to severe bul-
bar myopathy.

Surgery
Patients with muscular dystrophies may require con-
tracture release and spine stabilization surgeries.

POTENTIAL DISEASE COMPLICATIONS
Severe myopathies, including muscular dystrophies, 
can cause restrictive pulmonary disease by chest wall 
muscle weakness and scoliosis. Assisted ventilation, 
including negative-pressure ventilation, noninvasive 
positive-pressure ventilation, and invasive positive-
pressure ventilation (endotracheal tube or tracheos-
tomy), may be indicated. Decreased mobility can result 
from proximal lower and upper extremity weakness. 
Contractures can be caused by disuse and fi brosis as 
well as by scoliosis due to paraspinal muscle weakness. 
Cardiac involvement is present in some forms of mus-
cle disorders.1 Gastrointestinal symptoms due to 
smooth muscle involvement are common in patients 
with muscular dystrophies.

POTENTIAL TREATMENT 
COMPLICATIONS
Immunosuppression may have associated side effects. 
Steroid use and decreased mobility may lead to osteo-
porosis and the subsequent risk of pathologic fractures, 
and analgesics have well known side effects. Special at-
tention should be paid to patients undergoing general 
anesthesia.
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DEFINITION
The term neurogenic bladder describes a process of dys-
functional voiding as the result of neurologic injury. In 
one way or another, this type of injury can interfere with 
urine storage at low bladder pressures or with voluntary 
coordinated voiding. Approximately 2,138,408 patients 
are discharged from hospital care annually in the United 
States for neurologic disorders.1 Neurologic control of 
bladder function is at multiple levels throughout the 
central nervous system and subject to multiple patho-
physiologic processes. Voiding dysfunction occurs in 
most of these patients.

SYMPTOMS
The symptoms of neurogenic bladder have a wide spec-
trum of presentation and include urinary incontinence, 
urinary retention, suprapubic or pelvic pain, incom-
plete voiding, paroxysmal hypertension with diaphore-
sis (autonomic dysrefl exia), urinary tract infection, and 
occult deterioration in renal function. The symptoms 
vary according to the pathophysiologic process and are 
detailed later. To understand the pathophysiologic pro-
cesses, the clinician must have a thorough understand-
ing of the relevant anatomy.

The micturition refl ex center has been localized to the 
pontine mesencephalic reticular formation in the 

brainstem.2,3 Efferent axons from the pontine micturi-
tion center travel down the spinal cord in the reticulo-
spinal tract to the detrusor motor nuclei located in the 
S2, S3, and S4 segments in the sacral gray matter (ver-
tebral levels T12 to L2).4

Parasympathetic nerves take their origin from nuclei 
at the intermediolateral gray column of the spinal 
cord at S2, S3, and S4 and travel by the pelvic nerve 
and pelvic plexus to ganglia in the bladder wall. The 
predominant parasympathetic nerve root supplying 
the bladder is usually S3. Acetylcholine is released 
from the postganglionic nerves, which in turn excites 
muscarinic receptors.5

Preganglionic sympathetic neurons originate in the inter-
mediolateral gray column of the spinal cord from spinal 
segments T10 to L2. These nerves course to the sympa-
thetic chain ganglion and ultimately through the pelvic 
plexus to the bladder neck, which constitutes the internal 
(smooth muscle, involuntary) urethral sphincter, as well 
as to the fundus of the bladder. Receptors at the bladder 
neck are primarily �-adrenergic,6 stimulation of which 
results in closure of the internal sphincter during urinary 
storage and, in men, during ejaculation as well. In con-
trast to the bladder neck, the fundus of the bladder is 
populated with �-adrenergic receptors, which contribute 
to bladder relaxation (and therefore urinary storage) dur-
ing sympathetic activation.

The external urethral sphincter (striated muscle, volun-
tary) surrounds the membranous urethra and extends 
up and around the distal part of the prostatic urethra. 
The pudendal nerves, which innervate the external 
sphincter, take their origin from the somatic motor nu-
clei in the anterior gray matter of the sacral cord (conus, 
S2 to S4); however, it is the S2 spinal segment that pro-
vides the principal motor contribution. Toe plantar 
fl exors also have S1 and S2 innervation. Thus, the pres-
ervation of toe plantar fl exors after spinal cord injury 
suggests that the external urethral sphincter is intact.

The central control of the bladder is a complex, multi-
level process. Advances in functional brain imaging 
have allowed research into this control in humans. The 
regions of the brain that have been implicated in the 
central control of continence include the pons (pontine 

Synonyms
None

ICD-9 Codes
344.61 Cauda equina syndrome with neurogenic bladder
596.4  Atony of bladder
596.51 Hypertonicity of bladder
596.52 Low bladder compliance
596.53 Paralysis of bladder
596.54 Neurogenic bladder NOS
596.55 Detrusor-sphincter dyssynergia
596.59 Other functional disorder of bladder
596.9  Unspecifi ed disorder of bladder

Ayal M. Kaynan, MD, and Inder Perkash, MD
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micturition center), periaqueductal gray, thalamus, in-
sula, anterior cingulate gyrus, and prefrontal cortices. 
The pontine micturition center and the periaqueductal 
gray are thought to be crucial in the supraspinal control 
of continence and micturition. Higher centers, such as 
the insula, anterior cingulate gyrus, and prefrontal re-
gions, are probably involved in the modulation of this 
control and cognition of bladder sensations and, in 
the case of the insula and anterior cingulate, modula-
tion of autonomic function. Further work should aim to 
examine how the regions interact to achieve urinary 
continence.7

Abnormalities in the midbrain (e.g., Parkinson disease) 
lead to detrusor hyperrefl exia due to loss of dopamine. 
Lesions in segmental areas of the spinal cord lead to 
detrusor-sphincter dyssynergia. Cortical lesions (lesions 
above the pontine micturition center) usually result in 
loss of voluntary inhibition of the micturition refl ex. 
Lesions in the forebrain, such as cerebrovascular acci-
dents with change in blood fl ow to the cingulate gyrus, 
can lead to hyperrefl exic bladder because of reduced 
dopamine D1 with increased glutamate activity. Thus, 
the cingulate gyrus plays an important role in urine stor-
age. Patients with Parkinson disease have less severe 
urinary dysfunction with little evidence of internal or 
external sphincter denervation. By contrast, in multiple 
system atrophy, patients have more symptoms and 
wide-open bladder neck. The result is a hyperrefl exic 
bladder with coordinated (synergic) sphincter func-
tion.8 In the absence of outfl ow obstruction (e.g., ure-
thral stricture, benign prostatic hyperplasia, large uter-
ine leiomyoma, fecal impaction), complete bladder 
evacuation with some incontinence is the outcome. 
The fi ndings of postmicturition residuals of more than 
100 mL, detrusor–external sphincter dyssynergia, and 
open bladder neck at the start of bladder fi lling, with 
signifi cant postural hypotension and neurogenic sphinc-
ter motor unit potentials, are highly suggestive of mul-
tiple system atrophy.9 The patient can have unstable 
blood pressure, which is aggravated with a postural 
change, indicating some degree of autonomic failure. 
Similarly, after a severe head injury, an autonomic fail-
ure can result in unstable postural hypotension and 
wide-open bladder neck.

All lesions from the pons to spinal cord level S2 result in 
a loss of cortical inhibition and loss of coordinated 
sphincter activity during refl ex voiding. Micturition re-
fl ex is without an inhibitory or coordinated control from 
higher centers. This results in a hyperrefl exic bladder 
with dyssynergic sphincter function (detrusor-sphincter 
dyssynergia), which often results in incomplete voiding 
and high bladder pressures; it can lead to ureteral re-
fl ux.10 Urinary retention from functional obstruction 
occurs, and overfl ow incontinence may occur with an 
overdistended bladder.

Spinal cord lesions above T5-6 result in autonomic dys-
refl exia, in which the bladder is allowed to fi ll to excess. 
This is virtually always seen in conjunction with detru-
sor-sphincter dyssynergia.11 This is due to loss of cortical 
and medullary inhibitory refl exes modulating sympa-

thetic activity of the splanchnic bed (T5-8). Accentuated 
visceral activity (e.g., full bladder, fecal impaction), 
which causes sympathetically mediated vasoconstric-
tion, is normally inhibited by secondary output from 
the medulla and is countered by vasodilation in the 
splanchnic bed through the greater splanchnic nerve. 
Without the proper inhibitory refl exes or control of the 
splanchnic bed to redistribute circulating blood vol-
ume, blood pressure rises sharply. With the carotid bod-
ies and vagal nerves intact, bradycardia results. The full 
syndrome is characterized by paroxysmal and extreme 
elevation in blood pressure, facial fl ushing, perspira-
tion, goose pimples, headache, and some degree of 
bradycardia.

Spinal cord lesions in the conus at S2 or below result 
in lower motor neuron injury to the bladder and exter-
nal sphincter. The effect on the bladder is predictable: 
arefl exia. Because the parasympathetic ganglia reside 
in or near the bladder wall, bladder tone is generally 
maintained. Bladder compliance therefore tends to 
decrease with time as a result of neural decentraliza-
tion (or infection-related fi brosis).12 The result on the 
bladder neck and external sphincter is not as intuitive. 
Although an atonic synergic sphincter system might be 
expected, the external sphincter usually retains some 
fi xed tone, although not under voluntary control, and 
the bladder neck is often competent because of an in-
tact sympathetic innervation (�-adrenergic activity) 
but nonrelaxing. Even though bladder pressures are 
generally low during fi lling and storage, obstructive 
physiology is often the case during voiding.13 Overfl ow 
incontinence is possible.

In the acute phase of injury, most central nervous sys-
tem lesions result in a temporarily arefl exic bladder.14,15

This phase, termed central nervous system shock, is vari-
able and can last several weeks. Reappearance of knee 
jerks heralds recovery from the shock phase.

The specifi c patterns of voiding dysfunction with the 
most common neurologic abnormalities in the chronic 
phase are detailed in Table 129-1 and Figure 129-1.

Confounding medical problems, such as diabetes and 
many cardiovascular drugs (Table 129-2), will pro-
foundly affect bladder function. Patients who catheter-
ize themselves intermittently should be asked about the 
size of catheter used and whether there is any resistance 
or trauma during catheterization—clues to the presence 
of a urethral stricture. Patterns of voiding should 
be elicited, and changes in voiding habits should be 
scrutinized. Patients with suprasacral spinal cord injury, 
for example, often give a history of intermittent stream 
coinciding with spasticity of their lower extremities, a 
strong clue to detrusor-sphincter dyssynergia. Spinal 
cord–injured patients with incomplete lesions can void 
with excessive Valsalva maneuver and can produce very 
high intra-abdominal pressures. This can lead to vesico-
ureteral refl ux, upper tract changes, repeated pyelone-
phritis, and even stone disease. They therefore need 
to be monitored frequently with urodynamics and 
managed appropriately to achieve low-pressure voiding. 
Approximately 50% of men ultimately have benign 
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The genitalia are examined for the condition of the 
penis: whether it is circumcised, its size, and adequacy of 
the meatus; attention is paid to the presence of meatal 
erosion. In women, it is important to note the appear-
ance of the urethral meatus; this structure erodes quite 
readily with long-standing catheterization. Pelvic exami-
nation will identify confounding factors to voiding dys-
function, such as uterine prolapse or leiomyoma. Rectal 
examination yields information on anal tone, size of 
prostate, and presence of fecal impaction. Voluntary con-
traction of the anal sphincter indicates control over the 
perineal muscles; in the presence of quadriplegia, it indi-
cates an incomplete central cord–type lesion. To deter-
mine voluntary contraction, the clinician places a fi nger 
in the patient’s anal canal. The bulbocavernosus refl ex 
should be tested. Because deep tendon refl exes at the 
patella refl ect status of the spinal cord at L3-4, hyperre-
fl exia at the knee almost certainly indicates increased 
tone at the pelvic diaphragm and thus detrusor-sphincter 
dyssynergia. Absence of the toe plantar fl exors refl ects 
either damage to S2 or a supraconal lesion, and it there-
fore predicts damage to the external urinary sphincter 
(detrusor-sphincter dyssynergia) and possible involve-
ment of the bladder. For patients with spinal cord injury, 

TABLE 129-1 Patterns of Voiding Dysfunction in Chronic Neurologic Disease

Neurologic Disorder Detrusor Activity Striated Sphincter Comments

Suprapontine Hyperrefl exic Synergic

Brain tumor, cerebral palsy Detrusor-sphincter dyssynergia may occur in those 
with spinal cord damage; voluntary control may 
be impaired

Cerebrovascular accident Voluntary control may be impaired

Delayed central nervous system 
maturation

Persistence of uninhibited bladder beyond age 
2-3 years; enuresis later

Dementia Voluntary control is impaired

Parkinson disease Detrusor contractility and voluntary control may be 
impaired

Pernicious anemia Bladder compliance may be decreased

Shy-Drager syndrome Bladder neck remains open; bladder compliance 
may be decreased; autonomic instability (low 
blood pressure)

Pons-S1 Hyperrefl exic Dyssynergic

Anterior spinal cord ischemia Bladder compliance may be decreased

Multiple sclerosis Varies with lesions

Myelodysplasia, trauma Variable

Below S1 Arefl exic Fixed tone

Acute transverse myelitis Bladder neck may be closed but nonrelaxing

Diabetes, Guillain-Barré syndrome, 
herniated intervertebral disc

Usually overdistended bladder

Myelodysplasia, poliomyelitis Decreased bladder compliance may develop; bladder 
neck may be open (sympathetic denervation)

Radical pelvic surgery Bladder neck is open

Tabes dorsalis, trauma Bladder neck may be closed but nonrelaxing

prostatic hyperplasia. Thus, even in the case of stable 
neurologic disease, these men may develop diffi culty in 
voiding from progressive outfl ow obstruction. Typical 
symptoms include nocturia, decreased force of stream, 
hesitancy, and postvoid dribbling. However, patients 
with outfl ow obstruction frequently have irritative void-
ing symptoms as well. It is important to make sure that 
these symptoms are not due to symptomatic infection: 
back pain, suprapubic pain, fever, dysuria, urgency, fre-
quency, or hematuria. These symptoms are not specifi c 
and can refl ect many of the processes discussed. Their 
presence must therefore be interpreted according to 
context.

PHYSICAL EXAMINATION
General considerations include the level of disability 
and the capability to use upper and lower extremities. 
The neurologic examination focuses on the strength 
and dexterity of the upper extremities and the tone and 
refl exes of the lower extremities. Neurourologic exami-
nation includes perianal sensation for evidence of sacral 
sparing, anal sphincter voluntary contraction, and bul-
bocavernosus refl ex.
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the return of deep refl exes below the level of injury her-
alds the conclusion of spinal cord shock. Acute-phase 
physiology then switches to chronic physiology.

The fi rst and most important determination with regard 
to bladder function is the establishment of good bladder 
evacuation. The abdomen must therefore be examined 
for bladder palpability after a trial of voiding. Either a 
bladder ultrasound scan or urinary catheterization should 
be performed to determine the postvoid residual.

FUNCTIONAL LIMITATIONS
Functional limitations are typically due to incontinence 
and include social rejection and isolation. Incontinence 
may also affect a patient’s ability to work, to participate 
in recreational activities, and to sustain interpersonal 
relationships.

DIAGNOSTIC STUDIES
All patients with neural injury should have blood chem-
istries at baseline and periodically during follow-up for 
blood urea nitrogen and creatinine concentrations. Re-
nal and bladder ultrasound examination should be 
performed to assess the status of the urinary tract: size, 
shape, and echogenicity of the kidneys; presence of 
hydronephrosis or hydroureter; presence of renal or 
bladder stones; change in hydronephrosis during and 
after voiding; and completeness of the void. If vesico-
ureteral refl ux or urethral strictures are suspected, void-
ing cystourethrography may be performed.

If renal stones are suspected, non–contrast-enhanced 
computed tomography (renal stone protocol) is an ex-
cellent tool for identifi cation of the size and location of 
the stones. In dealing with renal stones, it is sometimes 
important to assess calyceal or ureteral anatomy or dif-
ferential renal function, in which case intravenous urog-
raphy may be performed. Finer qualitative assessment 
of differential renal function may be performed by tech-
netium Tc 99m mertiatide (99mTc-MAG3) nuclear renal 
scan. When compromise of renal function is suspected, 
this test may be useful.

Transrectal linear array ultrasonography may be performed 
to assess prostate size, prominent median prostatic lobe, 
ledge at the bladder neck,16 or proximal urethra–bladder 
neck strictures. Voiding videofl uoroscopy or ultrasonogra-
phy can show abrupt cessation of urine fl ow.

Cystoscopy is an excellent tool for studying bladder and 
urethral anatomy; it quickly identifi es the presence of a 
urethral stricture (although it may not determine its 
length or depth), provides an assessment of internal 
prostatic size, provides indirect evidence of high intra-
vesical pressures (bladder trabeculation), and readily 
demonstrates bladder stones. Cytoscopy is essential in 
the assessment of hematuria (more than fi ve red blood 
cells per high-power fi eld on two or more urine speci-
mens). Whereas hematuria in neurally injured patients 
is commonly related to infection or traumatic catheter-
ization, the use of indwelling catheters for a long time 
places these patients at a signifi cantly higher risk for 
bladder cancer.17 It has been suggested, therefore, that 
these patients undergo surveillance cystoscopy annu-
ally, particularly if they have other risk factors for blad-
der cancer, such as smoking or a family history with 
bladder cancer. After bladder irrigation with normal sa-
line, a urine specimen for malignant cell cytology may 
be helpful as a screening test. No test is as sensitive for 
the detection of bladder tumors as the cystoscopic ex-
amination and biopsy of a suspicious area.

Note that cystoscopy does not provide functional infor-
mation. The best single test for bladder function is uro-
dynamic testing.

Formal urodynamic testing, including cystometrography 
and electromyography, is crucial to the proper documenta-
tion of bladder and outlet function. The test is subject to 
inherent errors in technique, interpretation, and coopera-
tion of the patient; however, the astute clinician must inter-
pret the results in light of the entire clinical scenario. Prop-
erly performed, it will elucidate and quantify postvoid 
residual of urine, bladder capacity, bladder compliance, 
bladder pressures during fi lling and voiding, and external 
sphincteric coordination. In conjunction with videofl uoro-
scopic monitoring, ureteral refl ux, bladder position, and 
internal and external sphincteric function may be visual-
ized. Urodynamics should be performed at baseline for all 
patients with neurologic disease. Because of central nervous 
system shock in the acute phase of injury, it is best to per-
form urodynamics after the shock resolves—on return of 
distal refl exes. Figure 129-2 illustrates a normal voiding 
pattern. Figure 129-3 illustrates the urodynamic fi ndings of 
an arefl exic bladder. Figure 129-4A shows detrusor-sphinc-
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FIGURE 129-1. Diagrammatic illustration of central nervous system disor-
ders leading to different neurologic manifestations. (Reprinted with per-
mission from Perkash I. Incontinence in patients with spinal cord injuries. In 
O’Donnell P, ed. Geriatric Urology. Boston, Little, Brown, 1994:321-325.)
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ter dyssynergia. The sonographic correlate of detrusor-
sphincter dyssynergia is shown in Figure 129-4B (nonrelax-
ation of the external urethral sphincter is demonstrated).

TREATMENT
Initial
The priorities of bladder management relate fi rst to 
preservation of renal function and abolition of infec-
tion and second to social concerns. Overfl ow inconti-
nence, ureteral refl ux, or high bladder pressures in the 
presence of renal insuffi ciency or active infection must 
be managed aggressively by ensuring proper egress for 
urine. A source for persistent infection, such as urinary 
lithiasis, must be sought and, if found, eliminated. High 
bladder pressure, particularly if it is sustained (�40 cm 

H2O), ultimately results in deterioration of renal func-
tion and should therefore be addressed actively, even if 
renal function is normal.18

Patients at risk for degenerative neurogenic bladders, 
particularly those with (or at risk for) sensory neuropa-
thies (e.g., diabetic patients, phenytoin users), should 

TABLE 129-2 Pharmacologic Action on the Bladder

Drug Indication Mechanism Side Effects and Cautions

Cholinergics
Bethanechol

Arefl exic bladder Muscarinic receptor agonists
Bladder has M2 and M3 receptors; M3

receptors are responsible for nor-
mal detrusor contraction

Bronchospasm, miosis

Anticholinergics
Hyoscyamine
Oxybutynin
Tolte rodine
Trospium chloride 

(quaternary amine)
Darifenacin
Solifenacin

Hyperrefl exic bladder Muscarinic receptor antagonists Constipation, dry mouth, tachycardia

Sympathomimetics
 Norepinephrine
 Pseudoephedrine

Open bladder neck �-Receptor antagonists Arrhythmia, hypertension, coronary vaso-
spasm, excitability, tremors

Antiadrenergics 
(� blockers)

 Phenoxybenzamine
 Phentolamine
 Terazosin
 Doxazosin
 Tamsulosin
 Alfuzosin

Smooth sphincter dys-
synergia (competent, 
nonrelaxing bladder 
neck)

�-Receptor agonists Orthostatic hypotension, dizziness, 
rhinitis, retrograde ejaculation

Tricyclic antidepressants
Amitriptyline
Imipramine

Hyperrefl exic bladder 
with stress 
incontinence

Anticholinergic and sympathomi-
metic properties

Myocardial infarction, tachycardia, stroke, 
seizures, blood dyscrasias, dry mouth, 
drowsiness, constipation, blurred vision

Benzodiazepines
Chlordiazepoxide

Extremity spasticity with 
detrusor-sphincter 
dyssynergia

GABA channel activator, centrally 
acting muscle relaxant

Dizziness, drowsiness, extrapyramidal 
effects, ataxia, agranulocytosis

Baclofen Extremity spasticity with 
detrusor-sphincter 
dyssynergia

GABA-B channel activator (?); exact 
mechanism unknown; centrally 
acting muscle relaxant

Central nervous system depression, car-
diovascular collapse, respiratory failure, 
seizures, dizziness, weakness, hypotonia, 
constipation, blurred vision*

Dantrolene Extremity spasticity with 
detrusor-sphincter 
dyssynergia

Direct muscle relaxant by calcium 
sequestration in the sarcoplasmic 
reticulum

Hepatic dysfunction, seizures, pleural effu-
sion, incoordination, dizziness, nausea, 
vomiting, abdominal pain

Botulinum toxin Detrusor-sphincter 
dyssynergia

Inhibits release of acetylcholine Repeated injections necessary

*Note that baclofen is also administered intrathecally by an implanted pump in these patients, and adverse effects are primarily limited to the central nervous 
system. Bladder contractility may also be reduced. No signifi cant change occurs in detrusor-sphincter dyssynergia.

Differential Diagnosis

The diseases listed in Table 129-1 are the most com-
mon causes of neurogenic bladder.
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have a timed voiding schedule to prevent overdistention 
and progression to bladder arefl exia. A 24-hour voiding 
diary, including fl uid intake, time and quantity voided, 
and postvoid residual (by catheterization or ultrasound 
evaluation), should be recorded periodically. These pa-
tients should void every 6 hours, void again immedi-
ately after the fi rst void, and adjust their fl uid intake and 
voiding frequency according to the voiding diary. Pa-
tients with diabetes should be careful to maintain good 

glycemic control, not only for global prevention of re-
lated degenerative disease but also to prevent osmotic 
diuresis.

Most neurogenic injuries to the bladder are associated 
with impaired bowel function. Fecal impaction and 
obstipation not only place the patient at risk for colon 
perforation, they may also cause mechanical obstruc-
tion to the passage of urine. Further, many of the 

Desire to void
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CMG

50 cm H2O

350 mL (bladder volume)

80 cm H2O

Voiding

Holding Relaxed sphincter
and voiding 

Rectal pressure

100 µV

EMG

Holding urine

FIGURE 129-2. Urodynamic study consisting of simultaneous cystometrography (CMG), rectal pressure, and electromyography (EMG) of the external
urethral sphincter. During bladder fi lling, the desire to void is usually expressed between 300 and 400 mL. When the normal person is asked to hold 
urine, the external urethral sphincter contracts and the bladder relaxes. When asked, this person voided voluntarily at a fi lling volume of approximately 
350 mL; the external urethral sphincter relaxed just before voiding, indicating a normal study.
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FIGURE 129-3. Urodynamic study demonstrating an arefl exic bladder in a patient with spinal cord injury. There is minimal increase in electromyo-
graphic (EMG) activity during fi lling of the bladder. There is no bladder contraction, even after suprapubic (SP) tapping, indicating overdistention 
arefl exia or a lower motor neuron lesion. CMG, cystometrography; RP, rectal pressure.
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medications used to reduce bladder contractility, par-
ticularly the anticholinergics, exacerbate bowel motile 
dysfunction. It is therefore important that these pa-
tients be routinely prescribed high-fi ber diets, stool 
softeners (e.g., docusate, 100 mg orally, three times 
daily), laxatives (e.g., psyllium, 1 packet orally every 
day), and suppositories (e.g., bisacodyl, 10 mg per rec-
tum every day) and undergo digital stimulation either 
daily or every other day. Digital stimulation is best per-
formed after either a meal or coffee or tea to take ad-
vantage of the gastrocolic refl ex.

The Credé method (suprapubic pressure) alone can lead 
to high intravesical pressures and even vesicoureteral 
refl ux. Such pressure, or persistent tapping of the supra-
pubic region for 2 minutes at a time, should be per-
formed only when methods to relieve bladder outlet 
obstruction have been ensured. This should not be per-
formed in patients with active detrusor-sphincter dys-
synergia because it will only exacerbate already high 
bladder pressures, and urine will not be completely 
evacuated.

Acute Phase and Central Nervous System Shock

This phase usually lasts days to weeks but sometimes 
persists for months. The bladder is arefl exic during this 
period, and adequate bladder drainage should be se-
cured to prevent the arefl exic bladder from developing 
overdistention and myogenic failure. Indwelling con-
tinuous Foley catheterization (14 Fr) is the easiest way 
to ensure bladder drainage. Alternatively, intermittent 
catheterization may be performed (after the initial 
phase of diuresis) and, when it is used from the onset, 
reduces the incidence of infection and stone disease.19

Catheterization is performed every 4 to 6 hours and fl uid 
is restricted to 2 liters per day, if possible. The frequency 
of catheterization should be adjusted so that residuals are 
no more than 300 to 400 mL. For patients with a hyper-
refl exic bladder, long-term intermittent catheterization 
requires mitigation of the detrusor refl ex with anticholin-
ergic medication (see Table 129-2) to reduce bladder 
pressures to safe levels (below 40 cm H2O) and to achieve 
continence between catheterizations.
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FIGURE 129-4. A and B, Detrusor-sphincter dyssynergia in a patient with spinal cord injury; each bladder contraction on the cystometrogram (CMG) 
is accompanied by a marked increase in electromyographic (EMG) activity of the external urethral sphincter. BP, blood pressure. C, Ultrasound cysto-
urethrogram during an attempted void in a patient with spinal cord injury with detrusor-sphincter dyssynergia. The passage of urine is abruptly 
stopped by closure of the external urethral sphincter, and the posterior urethra is dilated.
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Anticholinergic Drugs (Drugs to Increase 
Bladder Capacity)

In the human being, bladder (detrusor muscle) has 
muscarinic receptors (M2 and M3 receptors). M3 com-
pared with M2 are small in number but are mainly re-
sponsible for bladder contraction. The antimuscarinic 
drugs oxybutynin, tolterodine, darifenacin, solifenacin, 
and trospium are the fi ve major drugs (Table 129-3) 
currently available to modulate detrusor hyperrefl exia, 
to increase bladder capacity, and to reduce bladder 
voiding pressures. Comparative clinical studies have 
shown that oxybutynin and solifenacin may be margin-
ally more effective than tolterodine, although toltero-
dine seems to be better tolerated. Dry mouth and con-
stipation are still major problems for compliance of 
patients with all of them because of the widespread ex-
istence of M3 receptors, particularly in the salivary 
glands. Except for trospium chloride, most others shown 
in Table 129-3 are tertiary amines and cross the blood-
brain barrier, enhancing anticholinergic factor. There is 
evidence that they may lead to some loss of memory.20

Autonomic Dysrefl exia

The control of widespread sympathetic activity below 
the spinal lesion is the key factor in the management of 
autonomic dysrefl exia, and prevention is the fi rst con-
cern. Noxious stimuli, such as overdistention of the 
bladder, should be reversed immediately by catheter 
drainage. Local instillation of 25 to 50 mL of 0.3% tet-
racaine through the Foley catheter or suprapubic tube 
may provide topical anesthesia of the vesical mucosa 

and reduce triggering impulses to the spinal cord. 
Consideration of procedures for patients at risk (spinal 
lesions above T6) should include spinal anesthesia, use 
of ganglion blockers, and use of adrenergic blockers.

In the acute episode, if reversal of the noxious stimulus 
fails to control symptoms, administration of nifedipine 
(30 mg orally)21 or nitropaste (about 1 inch applied on 
the body surface) is usually adequate to reduce blood 
pressure. Note that normal blood pressure for a patient 
with spinal cord injury is less than 100 mm Hg systolic. If 
nifedipine fails, hydralazine (10 to 20 mg intravenously or 
10 to 50 mg intramuscularly) may be administered. Use 
lower doses initially and repeat every 20 to 30 minutes as 
necessary to maintain a low blood pressure. Other useful 
drugs include � blockers (such as prazosin, terazosin, 
guanethidine, and clonidine) and anticholinergics (such 
as oxybutynin and tolterodine). For long-term manage-
ment of subacute autonomic dysrefl exia, clonidine (0.1 to 
0.3 mg orally twice daily) is useful. Note that the chronic 
form of this syndrome is often related to active detrusor-
sphincter dyssynergia, and methods aimed at control of 
this phenomenon, such as transurethral sphincterotomy, 
may alleviate the patient of autonomic dysrefl exia.22

Urinary Tract Infections

For those who have had indwelling Foley catheters for 
an extended period (more than several days) and re-
quire catheter removal or exchange, antibiotics should 
be administered prophylactically before, during, and 
after removal of the existing catheter. Gentamicin 
(80 mg intramuscularly once just before removal of the 

TABLE 129-3 Summary of Anticholinergic Agents

Anticholinergic* T1/2(h) Typical Side Effects Comments

Oxybutynin
Ditropan

2-3 Dry mouth, constipation, 
blurry vision, headaches

Elderly: cognitive impair-
ment, hallucinations

Typical dose is 5 mg orally tid

Ditropan 
XL

13 Same as oral oxybutynin Slower absorption with more stable blood concentration
Typical dose is 10 mg orally daily, but doses up to 40 mg daily are generally safe

Oxytrol (oxybu-
tynin patch)

2-5 Same as oral oxybutynin, 
plus local skin irritation

Bypasses fi rst pass of the liver, which reduces the concentrations of active 
metabolites that are thought to contribute to side effects

Dosed at 3.9 mg/day, 1 patch 2 times/week, alternating skin sites

Tolterodine
 Detrol

2-10 Same as oral oxybutynin Possibly more selective to urinary M receptors, resulting in fewer side effects
Typical dose is 2 mg orally bid

Detrol LA 2-10 Same as oral oxybutynin Slower absorption with more stable blood concentration
Typical dose is 4 mg orally daily

Darifenacin (Enablex) 13-19 Same as oral oxybutynin Typical dose is 7.5 mg or 15 mg orally daily

Trospium 20 Same as oral oxybutynin Quaternary amine does not cross the blood-brain barrier well, resulting in 
minimal central nervous system anticholinergic effect, and it may limit 
cognitive side effects (particularly in the elderly)

Typical dose is 20 mg orally bid

 Sanctura XR 36 Same as oral oxybutynin More stable blood concentration
Typical dose is 60 mg orally daily

Solifenacin (VESIcare) 45-68 Same as oral oxybutynin Typical dose is 5 mg or 10 mg orally daily

*Unless patients with urinary retention are managed with a catheter, anticholinergic therapy is contraindicated for them. Anticholinergics are also contraindi-
cated in patients with gastric retention and patients with uncontrolled narrow-angle glaucoma.
T1/2(h), pharmacokinetic half-life (hours).
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catheter) is appropriate for most patients with stable 
renal function, even if function is impaired, and has 
both gram-positive and gram-negative coverage. Those 
with prosthetics, aortic stenosis, or other risk factors 
for seeding should have coadministration of ampicillin 
(1 g intravenously) for enterococcus coverage. Alterna-
tively, amoxicillin–clavulanic acid (750 mg) or cipro-
fl oxacin (500 mg) may be given orally twice daily 
around catheter removal. In addition, the bladder 
should be irrigated gently through the catheter with 
50 mL of normal saline (at body temperature) contain-
ing 120 �g/mL Neosporin and 60 �g/mL polymyxin B. 
Irrigation is continued while the catheter is being pulled 
through the urethra. This method has been shown to 
signifi cantly reduce urinary tract infection related to 
catheter changes.23,24

Attention to hygiene is paramount in the prevention of 
urinary tract infections in the spinal cord–injured popu-
lation. Those who wear condom catheters should change 
the catheter once a day. Leg bags should be routinely 
disinfected with 6% Clorox solution or bleach (most 
cost-effi cient) and then washed well with running water. 
Wheelchair seat cushions should be changed and 
cleaned, and the patient should take a shower daily to 
reduce colony counts at the perineum. Suppressive treat-
ment should be considered for patients who demon-
strate recurrent infections. Nitrofurantoin, 100 mg orally 
daily, is suffi cient. Methenamine hippurate (1 g orally 
twice a day) and ascorbic acid (500 mg orally daily) 
acidify the urine and are good for prophylaxis of urinary 
tract infection.25

Rehabilitation
Supervised physical or occupational therapy is not 
typically indicated in neurogenic bladder except when 
patients need training or assistance in self-catheteriza-
tion. Rehabilitation nurses may also be involved in this 
educational process.

Procedures
Another alternative to long-term management of blad-
der drainage is placement of a suprapubic catheter. This 
is preferable to chronic transurethral catheterization 
because it eliminates the risk of urethral or meatal ero-
sion and is less often the cause of epididymitis or orchi-
tis. Urinary tract infections, however, are just as likely, 
and these catheters require changing once a month. 
They are best placed either in the operating room under 
cystoscopic guidance or, better, through suprapubic in-
cision to ascertain that the catheter ultimately resides as 
superiorly as possible, far from the bladder neck. This 
helps prevent irritation at the bladder neck, which often 
causes refl ex bladder contractions, particularly if the 
catheter balloon (also in an indwelling Foley catheter) 
drops down into the posterior urethra (Fig. 129-5).

For patients with hyperrefl exic bladders, electrical 
stimulation through peripheral patch electrodes or 
implantation of a sacral nerve root stimulator may be 
of some benefi t. The treatment is dependent on an 
intact sacral refl ex and works by inhibition of the pu-
dendal–pelvic nerve refl ex. Patients must be able to 
empty their bladders voluntarily (or by Valsalva ma-
neuver) when the device is turned off or be capable of 
performing intermittent self-catheterization. Its effec-
tiveness varies; the majority of users reported no ben-
efi t, and approximately one third have a 30% decrease 
in urinary frequency.26 The studies reported are pri-
marily in able-bodied populations with idiopathic 
detrusor hyperrefl exia.27

Surgery
Transurethral sphincterotomy has been used in supra-
sacral lesions in the past and has fallen into disfavor 
because of intraoperative and delayed bleeding poten-
tial. Use of a laser28 causes virtually no intraoperative 
bleeding. This procedure results in global incontinence 

A B

FIGURE 129-5. A, Linear array ultrasound–voiding cystourethrogram shows a contracted bladder neck and dilated prostatic urethra. B, The balloon 
of the urethral Foley catheter is lodged in the prostatic urethra. This occurs uncommonly; however, it may lead to inadequate bladder drainage and, 
in patients with lesions above T6, autonomic dysrefl exia.
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postoperatively and requires the use of an external con-
dom catheter.

There are rare circumstances in which bladder manage-
ment has aggravated renal function, evidenced by recur-
rent ascending urinary tract infections or a bladder that 
is too contracted to store suffi cient volumes. Some pa-
tients fi nd it socially unacceptable to be incontinent 
and are willing to perform intermittent self-catheteriza-
tion, but the body habitus precludes them from this. In 
such cases, there are certain reconstructive options that 
should be considered. Cystectomy and either inconti-
nent diversion (ureteroileal conduit) or continent diver-
sion (ureteroileocecal conduit) may be performed. Pa-
tients must have reasonably good renal function to 
qualify for continent diversion, lest they suffer from 
electrolyte and metabolic disturbances.29

The most common reconstructive alternative is an ileo-
vesical conduit. The bladder is augmented by a segment 
of ileum that acts as a conduit to the skin, where a 
stoma is fashioned. The ureters remain in their native 
locations. Bladder pressure is reduced because the sys-
tem is opened, and pelvic urinary continence is depen-
dent on a hyperactive sphincter.

For bladders that have low pressures and good compli-
ance but leak through fi xed sphincters, the Mitrofanoff 
and bladder neck closure may be an excellent option. 
Spina bifi da patients with conus lesions might be good 
candidates for this procedure. Egress through the blad-
der neck is eliminated, and the appendix is interposed 
between the bladder and the umbilicus where it is 
opened. In the common event that the bladder has poor 
compliance, an ileal bladder augmentation will raise 
bladder volume and lower bladder pressure. Patients 
would then catheterize their augmented bladders 
through the umbilicus.

POTENTIAL DISEASE COMPLICATIONS
Urinary tract infections, kidney stones, and autonomic 
dysrefl exia are common disease complications associ-
ated with neurogenic bladder. Social isolation due to 
incontinence may lead to depression.

Patients with spinal cord injury who have a urinary tract 
infection commonly may not present with symptoms.4
Fevers, chills, back pain, suprapubic pain, dysuria, fre-
quency, and testicular swelling in the setting of positive 
urine cultures should be regarded as a urinary tract in-
fection. Patients without overt symptoms of pyelone-
phritis, prostatitis, epididymitis-orchitis, or cystitis are 
more diffi cult to diagnose, particularly if they have an 
indwelling catheter or are being managed by intermit-
tent catheterization. Those using catheters are virtually 
always colonized with bacteria,30 and the injudicious 
use of antibiotics will only select out resistant strains. 
Factors indicating a need for treatment include urinary 
lithiasis, as this is most often related to infection (stru-
vite, magnesium ammonium phosphate), and pyuria (8 
to 10 white blood cells per high-power fi eld, or 100 
white blood cells per milliliter) in the setting of bacteri-

uria (more than 10,000 colony-forming units per milli-
liter).4 Urine pH should be checked periodically; pH 
above 7 is invariably associated with infection from 
urea-splitting organisms, which may lead to struvite 
stone formation.

Patients with detrusor-sphincter dyssynergia or urinary 
retention of any kind should have the bladder drained 
expeditiously with a fresh Foley catheter during the 
course of their treatment to ascertain good egress of in-
fected urine. If prostatitis is suspected, transurethral in-
sertion of a Foley catheter is relatively contraindicated, 
and drainage should be ensured suprapubically. Fluoro-
quinolones are an excellent fi rst choice for most urinary 
tract infections; therapy may then be tailored to culture 
and sensitivity results. Three to fi ve days is suffi cient 
for cystitis. Pyelonephritis requires 2 weeks of therapy. 
Epididymitis requires at least 3 weeks of therapy, and 
prostatitis often requires 6 weeks.

POTENTIAL TREATMENT 
COMPLICATIONS
Stoma care is a source of great consternation for many 
who have it because of frequent appliance leaks and 
skin irritation. Also, the stoma must be situated prop-
erly on the abdomen according to the patient’s habitus 
and positioning in the wheelchair. Bladder augmenta-
tions of any kind are susceptible to perforations and 
life-threatening infections (as much as 10%). These pa-
tients have a 3% chance of small bowel obstruction 
from adhesions during their lifetime.31 Chronic indwell-
ing Foley catheters carry the potential for urinary infec-
tion, meatal erosion, epididymitis-orchitis, stone dis-
ease, and urethral fi stula. In women, the urethra becomes 
patulous in time and incontinence ensues with or with-
out a catheter. Finally, with time and repeated infec-
tions, indwelling catheters put patients at risk for devel-
opment of squamous cell cancer of the bladder. Although 
the incidence is low, gross hematuria should be evalu-
ated with great suspicion in these patients because this 
disease is often advanced at the time of discovery and is 
often fatal.32
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DEFINITION
Osteoarthritis represents a family of disorders character-
ized by a relentless process in which all components of 
cartilage are destroyed.1 Osteoarthritis is steadily be-
coming the most common cause of disability for the 
middle-aged and has become the most common cause 
of disability for those older than 65 years.2 It has been 
estimated that the total cost for arthritis, including os-
teoarthritis, is more than 2% of the United States gross 
domestic product.3

Osteoarthritis involves all structures in the joint. Sub-
chondral bone, synovial fl uid, and the synovial mem-
brane are major sites of change in the course of the 
disease process. In addition to degradation and loss of 
articular cartilage, osteoarthritis is characterized by 
hypertrophic bone changes with osteophyte formation, 
subchondral bone remodeling, and, in many cases, 
chronic infl ammation of the synovial membrane.1

Joint involvement is usually asymmetrical, with a predi-
lection for weight-bearing joints. Common sites of in-
volvement are the hip, knee, distal and proximal inter-
phalangeal joints, and facet joints of the spine. Less 
common sites of involvement are the ankle, wrist, and 
shoulder. Infl ammation and joint effusion are present 
in some cases.

Osteoarthritis is classifi ed into two groups, primary and 
secondary. Primary osteoarthritis can be localized or 
generalized; primary generalized osteoarthritis is more 
commonly found in postmenopausal women, with de-
velopment of Heberden nodes. Secondary osteoarthritis 
has an underlying cause (Table 130-1).

Risk factors for osteoarthritis include advanced age, 
obesity, bone density, and genetics (Table 130-2). Epi-
demiologic data suggest increased risk of osteoarthritis 
in persons with low levels of vitamins D and C and es-
trogen defi ciency.8

The pathophysiologic mechanism of osteoarthritis in-
volves a combination of mechanical, cellular, and bio-
chemical processes. The interaction of these processes 
leads to changes in the composition and mechanical 
properties of the articular cartilage. The normal remod-
eling process is disrupted in osteoarthritis, leading to 
increased degenerative changes and an abnormal repair 
response.9

The mechanisms of cartilage degeneration, pain, and 
functional loss in osteoarthritis are not completely un-
derstood (Fig. 130-1).

SYMPTOMS
Patients usually complain of pain, stiffness, reduced 
movement, and swelling in the affected joints that is 
exacerbated with activity and relieved by rest. Pain at 
rest or at night suggests severe disease or another diag-
nosis. Early morning stiffness, if it is present, is typically 
less than 30 minutes. Joint tenderness and crepitus on 
movement may also be present. Swelling may be due to 
bone deformity, such as osteophyte formation, or an 
effusion caused by synovial fl uid accumulation. Sys-
temic symptoms are absent.10

In early disease, pain is usually gradual in onset and mild 
in intensity. Pain is typically self-limited or intermittent. 
Patients with advanced disease may describe a sense of 
grinding or locking with joint motion and buckling or 
instability of joints during demanding tasks. Spasm of 
periarticular muscles may be prominent and painful. 
Patients may complain of fatigue if biomechanical 

130Osteoarthritis
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Synonym
Degenerative joint disease

ICD-9 Codes
715.0 Osteoarthrosis, generalized
715.1 Osteoarthrosis, localized, primary
715.2 Osteoarthrosis, localized, secondary
715.3  Osteoarthrosis, localized, not specifi ed whether primary 

or secondary
715.9  Osteoarthrosis, unspecifi ed whether generalized or 

localized
716.1 Traumatic arthropathy
716.9 Arthropathy, unspecifi ed
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and malalignment. In many cases, the patient presents 
with a warm, swollen joint. Osteophytes, joint surface 
irregularity, periarticular muscle spasm, or chronic dis-
use may also result in decreased range of motion, pain, 
and crepitus. Locking during range of motion suggests 
loose bodies or fl oating cartilage fragments in the joint. 
Joint contracture can result from holding a joint in 
slight fl exion, which is less painful for infl amed or swol-
len joints. There may be secondary abnormalities in 
joints above or below the primarily involved joint.

Neuromuscular Examination
Periarticular muscle atrophy and weakness may also be 
present in chronic osteoarthritis. It is notable that 
manual muscle testing is typically unreliable in the 
lower extremities because of the high baseline strength 
of these muscle groups. A careful neurologic examina-
tion should be performed to ensure that pain is not a 
result of nerve impingement or neuropathic process.

In addition, gait should be observed. There may be 
antalgia (a limp secondary to pain) and a slow gait pat-
tern because of pain in a specifi c joint. If the patient 
uses a cane, appropriate use of the cane should be as-
sessed during gait.

Flexibility in both the affected and unaffected joints 
should also be evaluated. Messier and colleagues11 sug-
gested that patients with symptomatic osteoarthritis of 
the knee have poorer fl exibility in both the affected and 
unaffected legs and demonstrate signifi cantly less knee 
angular velocity and knee range of motion during gait. 
They have an increased loading rate in the unaffected 
leg after heel strike, exert less peak vertical force during 
push-off, and are signifi cantly weaker in both the dom-
inant and nondominant legs compared with adults 
with no lower extremity disease.

Because obesity has been identifi ed as a risk factor for 
osteoarthritis, assessment of the patient’s body mass 
index may also be useful.

FUNCTIONAL LIMITATIONS
Functional limitations depend on the joints involved. 
Patients with disease in the hips and knees can suffer 
from reduced walking speed and effi ciency, diffi culty in 
climbing stairs, trouble with transfers (in and out of 
cars, chairs, or toilet facilities), and problems with lower 
body dressing and grooming. Degeneration in the 
shoulders or hands can limit vocational and recre-
ational activities, grooming, eating, and other activities 
of daily living. Spinal degeneration can result in limita-
tions with all mobility.

DIAGNOSTIC STUDIES
Plain radiographs are important in confi rming the 
diagnosis of osteoarthritis. The classic fi ndings include 
asymmetric joint space narrowing, osteophytes at 
joint margins, cortical sclerosis, and subchondral cyst 

TABLE 130-1  Causes of Secondary Osteoarthritis

Calcium deposition

Congenital or developmental disorders

Endocrine disorders

Genetic defects

Infectious diseases

Metabolic disorders

Neuropathic disorders

Trauma

Infl ammatory arthritis

Obesity

Paget disease

TABLE 130-2   Risk Factors for Osteoarthritis

Risk Factor Related Studies

Age Of people older than 65 years, 80% have some 
radiographic evidence of osteoarthritis, but 
that incidence and prevalence of symptomatic 
osteoarthritis leveled off or declined in men 
and women at around 80 years of age.4

Obesity Increased risk for development of progressive 
osteoarthritis seems to be apparent in over-
weight people with localized disease.5

Bone density There is an inverse relationship between bone 
density and osteoarthritis.6

Genetics There is increased concordance for osteoarthritis 
in monozygotic twins compared with dizy-
gotic twins, indicating that there is a genetic 
susceptibility to the disease.

The defective genes are often coding for 
structural proteins of the extracellular matrix 
of the joint and collagen proteins.

Children of parents with early-onset osteoar-
thritis are at higher risk.7

Gender Before the age of 50 years, men have a higher 
prevalence and incidence than women do. 
However, once older than 50 years, women 
have a higher overall prevalence and incidence 
than men do.5

changes lead to increased energy requirements for activi-
ties of daily living. Overuse of alternative muscle groups 
can lead to development of pain syndromes in other 
parts of the musculoskeletal system.

PHYSICAL EXAMINATION
Joint Examination
Diagnosis of osteoarthritis involves assessment of the 
affected joint’s range of clinical features. Table 130-3 
outlines the pertinent features of an osteoarthritic joint. 
These features include tenderness, bone enlargement, 
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formation. There is a well-demonstrated discordance 
between radiographic fi ndings and symptoms in osteo-
arthritis. Asymptomatic individuals may have signifi -
cant radiographic disease, and severe pain and dysfunc-
tion can occur in the setting of limited radiologic 
changes. Magnetic resonance imaging is typically not 
needed for diagnosis of osteoarthritis but can be helpful 
in ruling out early osteonecrosis if osteoarthritis is not 
evident on plain radiographs of painful joints.

Because osteoarthritis is a noninfl ammatory arthritis, rou-
tine laboratory test results are usually normal. Because of 
the high prevalence of laboratory abnormalities in elderly 
people, such as a raised erythrocyte sedimentation rate 
and anemia, however, these will commonly be detected 
and may prompt an unnecessary investigation.

Joint fl uid analysis can be helpful in ruling out crystal 
deposition disease (gout, pseudogout), infl ammatory 

TABLE 130-3  Clinical Features of an Osteoarthritic Joint

Tenderness to palpation

Bone enlargement

Malalignment

Warmth

Joint effusion or swelling

Crepitus

Periarticular muscle spasm, atrophy, or weakness

Decreased, painful range of motion

FIGURE 130-1. Model of multifactorial process of degeneration, pain, psychosocial and physiologic dysfunction, and disability that may occur in
osteoarthritis. CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.

Pain

Inflammation
Effusion

Disuse of
joint or limb

Physiologic impairment
• Musculoskeletal
• Cardiovascular
• Pulmonary

    Disability
• Vocational
• Recreational
• Sexual
• Self-care

Cartilage
degeneration

Weakness
Atrophy
Loss of motion
Proprioceptive loss

Decreased activity
• Recreational
• Vocational
• Sexual

Medical
comorbidities
(CAD, CHF, COPD)

Psychosocial
  dysfunction
Depression

Abnormal loading
and increased

biomechanical stress

       Genetic and
biochemical changes
  • Cytokines
  • Prostaglandins
  • Nitric oxide
  • Collagenase
  • Free radicals

Altered joint
geometry and
biomechanics

    Altered limb biomechanics
• Gait disturbance
• Impaired protective responses

arthritis, or infectious arthritis and should be pursued 
in patients with signifi cant joint infl ammation. In os-
teoarthritis, synovial fl uid leukocyte counts are typi-
cally less than 2000 cells/mm3.

Differential Diagnosis

Neoplasm

Deep venous thrombosis

Osteomyelitis

Occult fracture

Aseptic necrosis

Chondromalacia

Soft tissue infection

Bursitis

Tendinitis

Ligamentous injury

Overuse injury

Radiculopathy

Neuropathy

Polymyalgia rheumatica

Infl ammatory arthritis

Crystal arthritis (gout, pseudogout)
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TREATMENT
Initial
The management of osteoarthritis involves attention 
to four important principles: avoid drug toxicity, limit 
physical disability, relieve pain and other symptoms, 
and maximize physical function and psychosocial 
adjustment.

No intervention has been shown conclusively to alter 
disease progression in osteoarthritis. A number of inter-
ventions have been demonstrated to reduce pain and 
stiffness and to improve functional status.

Acetaminophen and nonsteroidal anti-infl ammatory 
drugs (NSAIDs) are typically fi rst-line agents and useful 
in reducing pain. Head-to-head randomized trials 
showed that NSAIDs are more effi cacious than acet-
aminophen.12,13 However, the superiority of NSAIDs 
over acetaminophen (at doses of 4 g/day) is modest.12

The literature is not as clear about the role of NSAIDs in 
both acute and chronic soft tissue injury.14

A quantitative systematic review of 86 trials evaluating the 
effi cacy of topical NSAIDs in osteoarthritis and tendinitis 
found them signifi cantly more effective than placebo.15

However, no one topical NSAID seems to be better than 
the others.16 Topical capsaicin cream has also been shown 
to reduce pain in joints affected by osteoarthritis. This 
derivative of cayenne pepper causes exuberant release and 
depletion of substance P, which is involved in pain trans-
mission. Limited data from controlled trials have shown 
improvements in pain with capsaicin.17 It is worthwhile 
to caution patients that they may experience increased 
pain while beginning therapy with capsaicin.

Topical capsaicin or NSAIDs may also help reduce the 
use of systemic NSAIDs.

The American Pain Society guidelines recommend a 
tramadol-acetaminophen combination for treatment of 
osteoarthritis pain when NSAIDs alone cannot provide 
adequate relief. It is considered to be safe and effective 
in a subset of elderly patients.18 Oxycodone has been 
shown to be useful in the treatment of osteoarthritis 
pain. Patients with moderate to severe pain from osteo-
arthritis can achieve effective pain relief when opioids 
are included as part of a comprehensive pain manage-
ment program. Studies have also indicated that relief 
with low-dose opioids can be achieved without deterio-
ration in function.19

Recent attention has focused on the use of chondroitin or 
glucosamine. Chondroitin and glucosamine are naturally 
occurring substrates for the synthesis of articular cartilage. 
To date, there have been no large-scale randomized 
controlled trials of these compounds in humans with os-
teoarthritis. Small controlled studies have shown that 
glucosamine affords pain relief that is similar in magni-
tude to that of NSAIDs.20 Meta-analyses of both chondroi-
tin and glucosamine found moderate to large reduction 
in symptoms of pain and immobility.21 Studies that have 
evaluated the time course of improvement have shown a 
delay of up to 1 month in onset of pain relief after treat-

ment begins. The benefi t has persisted for several weeks or 
months after glucosamine is discontinued. Patients con-
sidering the use of glucosamine or chondroitin should be 
cautioned that no long-term trials have evaluated their 
safety and that these products are not subject to regula-
tion of purity or accuracy of labeling.

Patients with osteoarthritis should be screened for de-
pression and treated appropriately with nonpharmaco-
logic and pharmacologic interventions. Nonpharmaco-
logic interventions are also important and effective in 
promoting wellness and reducing disability. Multifacto-
rial self-management programs improve self-effi cacy by 
providing experiential skills in disease management, 
physiologic self-regulation, emotional hygiene, and in-
terpersonal communication. Studies have demonstrated 
reduced pain, improvements in health behavior, and 
reduction in use of health care resources in patients 
with chronic pain and arthritis.22-25 Group-based self-
management programs are often available through a 
local chapter of the Arthritis Foundation and may over-
lap signifi cantly in content with typical hospital-based 
behavioral medicine programs.

Rehabilitation
A comprehensive rehabilitative approach addresses pre-
vention and treatment of pain and disability through 
counseling, education and encouragement of weight 
loss, exercise, adaptive equipment, and superfi cial mo-
dalities such as heat and cold.

A physical therapist can guide and encourage a stretching 
program that can ease the stiffness associated with sleep 
or prolonged immobility and prevent or reduce impair-
ment in range of motion. Patients should be educated in 
appropriate positioning during extended inactivity or 
sleep. Appropriate use of heat before stretching can help 
loosen tight periarticular muscles, and application of ice 
packs after exercise can reduce the need for analgesic 
medications. Treatment time with the therapist should 
focus on education in the use of these interventions, 
rather than passive treatment. Gait and transfer training 
can improve functional mobility in patients with limita-
tions in range of motion or strength. Finally, a program of 
aerobic and resistance exercise can safely decrease pain, 
prevent disability, and promote general conditioning.

Occupational therapy can provide training in energy 
conservation techniques to reduce fatigue in patients 
with reduced activity tolerance. In the setting of signifi -
cant functional impairments, the therapist can provide 
assistive devices that help with feeding, grooming, dress-
ing, and other activities of daily living.

As there is currently no cure for osteoarthritis, most re-
search continues to evaluate the use of exercise as a treat-
ment to alleviate symptoms of the disease and to en-
hance functional capacity. Two meta-analyses published 
in 2004 focus specifi cally on the effi cacy of strengthen-
ing26 and aerobic exercise27 for osteoarthritis.

With muscle strengthening, improvements in strength, 
pain, function, and quality of life were noted. However, 
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there was no evidence that the type of strengthening 
exercise infl uences outcome. Static or dynamic strength-
ening exercises can maintain or improve periarticular 
muscle strength, thereby reversing or preventing biome-
chanical abnormalities and their contribution to joint 
dysfunction and degeneration.

In regard to aerobic exercise, results indicated that aero-
bic exercise alleviates pain and joint tenderness and 
promotes functional status and respiratory capacity. 
Aerobic exercise improves activity tolerance, increases 
pain threshold, and can have positive effects on mood 
and motivation for participation in other activities.

Whereas strengthening appears to be superior to aero-
bic exercise in the short term for specifi c impairment-
related outcomes (e.g., pain), aerobic exercise appears 
more effective for functional outcomes during the lon-
ger term.28 There is also evidence that exercise can im-
prove proprioception,29 thus improving biomechanics 
and protective responses.

Clinical trials have demonstrated the effectiveness of 
structured exercise programs in reducing pain and dis-
ability due to osteoarthritis.30,31 Compared with patients 
who received health education, patients assigned to 
aerobic and resistance exercise programs had fewer self-
reported disabilities, less pain, and greater strength. The 
greatest effect was seen after the initial 3 months of 
supervised exercise.32

Adaptive equipment, such as a cane or walker, can re-
duce joint loading, thereby reducing pain. It may also 
prevent falls in patients with impaired balance. Orthotic 
devices, bracing, or taping can also mitigate abnormal 
joint loading and localized stress concentration. How-
ever, reliable clinical trials have not been performed to 
demonstrate whether bracing or orthoses actually de-
crease pain and increase function.

There are no consistent data from clinical trials support-
ing the use of therapeutic cold, heat, or ultrasound in 
patients with osteoarthritis. Clinical experience suggests 
that cold and heat can be helpful in decreasing pain and 
increasing mobility.

The use of transcutaneous electrical nerve stimulation is 
supported by a few small, short-term trials. For most 
patients, pain relief was experienced only during peri-
ods of active use of the device, although the benefi cial 
effect was sustained for several hours in a few.33

Acupuncture, a technique in existence for thousands of 
years, has gained renewed interest for treatment of os-
teoarthritis. A multicenter, 26-week National Institutes 
of Health–funded randomized controlled trial found 
acupuncture to be effective as adjunctive therapy for 
reducing pain and improving function in patients with 
knee osteoarthritis.31

Procedures
In randomized trials, intra-articular injection of cortico-
steroids provided slightly improved pain relief com-
pared with placebo injection of saline, although the 

effects typically last for only 1 to 3 weeks.34 The intra-
articular injection of corticosteroid cannot prevent the 
pain derived from weight-bearing forces across the 
joint. The literature has shown that intra-articular corti-
costeroid injections for the treatment of osteoarthritis 
can be variable. Jones and Doherty,35 in a double-blind, 
placebo-controlled study of 59 patients, reported a sig-
nifi cant reduction in pain scores 3 weeks after an intra-
articular injection of corticosteroid. Another compari-
son of intra-articular triamcinolone and placebo showed 
greater pain relief with a steroid injection at 1 week but 
similar results at later intervals.36 Intra-articular cortico-
steroid injections are commonly used for rheumatoid 
arthritis and show excellent long-term pain relief. There-
fore, it is thought that the primary effect of the cortico-
steroid is on the synovium.

The intra-articular injection of hyaluronic acid is sup-
ported by theoretical considerations and limited data 
from controlled studies.37 Intra-articular injection of 
hyaluronic acid is also referred to as viscosupplemen-
tation. Clinical trials of hyaluronic acid injections have 
focused on patients with knee osteoarthritis. The data 
on effi cacy are inconsistent. Side effects included local 
infl ammation and increased pain at the injection site. 
There is no evidence that hyaluronic acid injection in 
humans alters biologic processes or progression of 
cartilage damage. No clear dose-response trial has 
been published to determine ideal number of injec-
tions or dosage.38

Surgery
In patients for whom pain and loss of mobility are dis-
abling despite conservative management, orthopedic 
consultation should be obtained to assess risks and 
benefi ts of surgery.

Arthroscopic lavage and removal of loose bodies or os-
teophytes may be helpful in some patients for whom 
conservative therapy has failed. Osteotomy has been 
used with some success to correct biomechanics and to 
unload areas of high stress. Fusion may be helpful when 
joint replacement is not appropriate.

In the past few decades, joint replacement surgery has 
provided tremendous improvements in quality of life 
for people with severe osteoarthritis (see Chapters 53 
and 71). In older patients who experience functional 
limitations due to osteoarthritis, hip replacement sur-
gery has been shown to be cost-effective. A systematic 
review of hip replacement surgery trials concluded that 
in 70% of subjects, pain and function scores were rated 
good or excellent at 10 years postoperatively.39 Obser-
vational studies have suggested that better outcomes 
are associated with the following patient characteris-
tics: age 45 to 75 years, weight less than 70 kg, good 
social support, higher educational level, and less pre-
operative morbidity.40 A small percentage of patients 
require revision because of persistent or recurrent pain, 
which is most often a result of aseptic loosening of the 
prosthetic joint. Similar results have been achieved in 
total knee replacement. In older patients with medical 
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comorbidities, early inpatient rehabilitation after hip 
or knee arthroplasty has been shown to reduce hospital 
stays and cost of care.41

POTENTIAL DISEASE COMPLICATIONS
Potential complications include pain; immobility; loss 
of capacity to perform occupational, recreational, and 
social roles; and loss of self-care skills.

POTENTIAL TREATMENT 
COMPLICATIONS
Analgesics and NSAIDs have well-known side effects 
that most commonly affect the gastric, hepatic, and re-
nal systems. It is notable that gastrointestinal bleeding 
from NSAID-induced ulcers commonly occurs without 
pain or abdominal discomfort as a warning sign. Risk 
for gastrointestinal toxicity is dose dependent and in-
creases with prolonged use, concurrent medical illness, 
and advanced age. Unfortunately, osteoarthritis is a 
chronic disease that requires long-term treatment and is 
most common in older patients, who are at risk for gas-
trointestinal complications.

However, the combination of NSAIDs and misoprostol 
or proton pump inhibitors has been shown in random-
ized trials to reduce the number of endoscopically con-
fi rmed ulcers associated with NSAIDs.42 Potential ben-
efi t of NSAIDs in individual patients must be weighed 
against the increased risk of gastrointestinal toxicity.

Acetaminophen carries the risk of hepatic toxicity, and 
topical NSAIDs or capsaicin may produce local irrita-
tion. The possible side effects of glucosamine and chon-
droitin are gastrointestinal discomfort. Some basic sci-
ence, nonhuman studies suggest the possibility that 
glucosamine raises blood glucose concentration.43

Intra-articular injection of steroids or hyaluronic acid 
can result in infection and local irritation and pain.

The risk factors of joint replacement surgery are bleed-
ing, prosthetic failure, infection, pain, venous thrombo-
sis, pulmonary embolism, and complications of general 
anesthesia.
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DEFINITION
Osteoporosis is a skeletal disorder characterized by 
compromised bone strength predisposing a person to 
an increased risk for fracture. Bone strength primarily 
refl ects the integration of bone density and bone qual-
ity. Bone quality refers to architecture, turnover, damage 
accumulation (e.g., microfractures), and mineraliza-
tion.1 Bone has a normal ratio of mineral to matrix.

Osteoporosis can also be defi ned according to World 
Health Organization criteria on the basis of bone min-
eral density (BMD) and bone mineral content (BMC) 
measurements:

 ● Normal: A value for BMD or BMC that is not 
more than 1 SD below the young adult mean 
value.

 ● Low bone mass (osteopenia): A value for BMD or 
BMC that lies between 1 and 2.5 SDs below the 
young adult mean value.

 ● Osteoporosis: A value for BMD or BMC that is 
more than 2.5 SDs below the young adult mean 
value.

 ● Severe osteoporosis (or established osteoporosis): 
A value for BMD or BMC more than 2.5 SDs be-
low the young adult mean value in the presence 
of one or more fragility fractures.

A fragility fracture is one that occurs without any trauma, 
after a fall from a height of less than 12 inches, or after 
abrupt deceleration from a speed slower than a run.

Osteoporosis is the most common metabolic bone 
disease. The National Osteoporosis Foundation esti-
mates that at least 10 million Americans have osteopo-
rosis and another 18 million have decreased bone 
mass, putting them at increased risk for osteoporosis 

and fractures. Of the 10 million, 8 million are women 
and 2 million are men. Annually in the United States, 
more than 1.5 million fractures attributable to osteo-
porosis occur, including approximately 700,000 verte-
bral, 300,000 hip, and 250,000 wrist fractures. The 
annual cost of caring for osteoporosis-related fractures 
in the United States is in excess of $16 billion. In ad-
dition, there is a 10% to 20% excess mortality within 
the fi rst year after a hip fracture.

Osteomalacia refers to a group of disorders character-
ized by an abnormality in bone mineralization. The 
ratio of mineral to matrix is diminished as a result of 
an excess of unmineralized osteoid.

SYMPTOMS
Osteoporosis is a silent disease until a fracture occurs. 
Pain and deformity are usually present at the site of frac-
ture. Vertebral fractures often occur with little trauma, 
such as coughing, lifting, or bending over. Acute back 
pain may be related to a vertebral compression fracture 
with pain localized to the fracture site or in a radicular 
distribution. New back pain or chronic back pain in a 
patient with osteoporosis and prior vertebral fractures 
may be related to new fractures, muscle spasm, or other 
causes.

With vertebral fractures, there may be a gradual loss of 
height and the development of a kyphosis. Breathing 
may be diffi cult, and bloating—a sensation of fullness 
and dyspepsia—may develop because of less room in 
the abdominal cavity.

PHYSICAL EXAMINATION
In evaluating patients with osteoporosis, it is important 
to diagnose treatable and reversible causes and to as-
sess the risk factors for development of osteoporosis 
and osteoporotic fractures. Table 131-1 lists common 
causes of osteoporosis. Table 131-2 lists risk factors for 
osteoporosis.

The physical examination focuses on fi ndings suggestive 
of secondary causes of osteoporosis (e.g., hyperthyroid-
ism and Cushing syndrome). One should also examine 

Synonyms
Thin bones
Brittle bones

ICD-9 Code
733.00 Osteoporosis, unspecifi ed
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areas previously involved with fractures (e.g., back, hip, 
and wrist) to assess for deformity and limitation of 
function. A baseline measurement of height should be 
obtained and reevaluated at subsequent visits.

FUNCTIONAL LIMITATIONS
Functional limitations are related to the type of fracture 
and its long-term consequences and disabilities. With 
vertebral fractures, the functional limitation may ini-
tially be related to the acute pain and inability to move. 
The chronic limitations may be related to loss of height, 
chronic back pain, diffi culty in moving, abdominal dis-
tention, and diffi culty in breathing.

The functional limitations after a hip fracture are related 
to the decreased functional mobility, often the need for 
long-term use of assistive devices, the lack of indepen-
dence, and the long-term need for assistive care. An as-
sistive device will be needed permanently for ambula-
tion by 50% of people with a hip fracture, and two 
thirds will lose some of their ability to perform ordinary 
daily activities.

Wrist fractures usually heal completely, but some 
people have chronic pain, deformity, and functional 
limitations.

DIAGNOSTIC STUDIES
Bone density measurements are the standard for assess-
ment of risk, diagnosis, and observation of patients 
with osteoporosis. Available techniques include single-
photon absorptiometry, dual-energy x-ray absorptiom-
etry, quantitative computed tomography, and quantita-
tive ultrasonography. Dual-energy x-ray absorptiometry, 
although it is not as sensitive as quantitative computed 
tomography for detection of early trabecular bone loss, 
is now the method of choice for measurement of bone 
mineral density because of its good precision, low ra-
diation dose, and fast examination time.

Bone mineral density testing should be performed only 
if the results will infl uence a treatment decision. The 
National Osteoporosis Foundation suggests bone min-
eral density testing in the following circumstances: all 
postmenopausal women younger than 65 years who 
have one or more additional risk factors for osteoporosis 
(besides menopause); all women 65 years and older, re-
gardless of additional risk factors; postmenopausal 
women who present with fractures; women who are con-
sidering therapy for osteoporosis, if bone mineral density 
testing would facilitate the decision; and women who 
have been receiving hormone replacement therapy for 
prolonged periods.2 Bone mineral density should also be 
obtained in patients receiving chronic glucocorticoid 
therapy, in those with primary hyperparathyroidism, and 
in those with conditions placing them at high risk for 
osteoporosis (e.g., aromatase inhibitors to treat breast 
cancer and androgen deprivation therapy to treat prostate 
cancer). Bone mineral density testing is also performed 
to assess the response to treatment programs.

TABLE 131-1 Common Causes of Osteoporosis

Age related

Postmenopausal

Senile

Endocrine related

Hypogonadism

Hyperthyroidism

Hyperparathyroidism

Adrenal-cortical hormone excess

Diabetes mellitus, type 2

Genetics

Osteogenesis imperfecta

Ehlers-Danlos syndrome

Homocystinuria

Immobilization

Hematologic disorders

Multiple myeloma

Systemic mastocytosis

Thalassemia

Drug related

Glucocorticoids

Thyroid hormone excess

Cyclosporine

Anticonvulsant drugs

Aromatase inhibitors

Androgen deprivation therapy (men)

Miscellaneous

Rheumatoid arthritis

TABLE 131-2 Risk Factors for Osteoporosis

Advanced age

Female

Small-boned, thin women

White and Asian women

Estrogen defi ciency

Personal history of fracture as adult

Fracture in fi rst-degree family members

Inactivity

Low calcium intake

Cigarette smoking

Alcoholism

Medications such as glucocorticoids, excessive thyroid hormone, 
cyclosporine, antiseizure drugs, aromatase inhibitors; androgen 
deprivation therapy in men
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Bone mineral density is reported by T and Z scores 
(Table 131-3). The T score is the best measurement for 
risk assessment and can help confi rm a diagnosis of 
osteoporosis. A value that is more than 2.5 SDs below 
the young adult mean indicates osteoporosis. The lower 
the T score, the higher the risk for subsequent fractures. 
However, the score will not predict who will fracture 
because other factors come into play (e.g., fall velocity, 
type of fall, direction of fall, and protective padding).

Quantitative ultrasonography has shown promise for 
predicting the occurrence of fractures in patients with 
osteoporosis.3 The most common sites for ultrasound 
measurement are the patella and calcaneus. Advantages 
of ultrasound measurement include cost-effectiveness, 
absence of radiation exposure, and portability.

Specifi c laboratory tests are obtained to help in the dif-
ferential diagnosis of osteoporosis and to rule out osteo-
malacia. The general laboratory tests include a complete 
blood count, chemistry profi le including liver and kid-
ney tests, serum and urine protein electrophoresis, and 
thyroid-stimulating hormone concentration. A 24-hour 
collection of urine for calcium and creatinine measure-
ment is also helpful. Because of the high prevalence of 
vitamin D defi ciency in the adult population, especially 
elderly individuals, a serum 25-hydroxyvitamin D level 
should be obtained. A parathyroid hormone level should 
be determined in suspected cases of primary or second-
ary hyperparathyroidism. Blood and urine test results 
are usually normal in uncomplicated cases of osteoporo-
sis. After a fracture, the alkaline phosphatase activity may 
be elevated. Biochemical markers of bone turnover, in-
cluding urine N-telopeptide, may be helpful in selective 
patients to assess for bone turnover and whether some-
one is responding to treatment.

pharmacologic agents (Table 131-4). Prevention and 
treatment guidelines are presented in Tables 131-5 
and 131-6.

Calcium

Epidemiologic studies suggest that long-standing di-
etary calcium defi ciency can result in lower bone mass. 
The average dietary calcium intake in postmenopausal 
women is less than 500 mg/day. Several studies have 
shown that calcium supplementation, especially in the 

TABLE 131-3 Bone Mineral Density Reporting

T score Standard deviations (SDs) above or below peak 
bone mass in young, normal, sex-matched adults

Z score Standard deviations (SDs) above or below age- and 
sex-matched adults

Differential Diagnosis

Common causes of osteoporosis are listed in 
Table 131-1.

TREATMENT
Initial
The initial approach to the prevention and treatment 
of osteoporosis involves nonpharmacologic interven-
tion and, in appropriate patients, the use of various 

TABLE 131-4 Treatment Options

Nonpharmacologic intervention

Calcium

Vitamin D

Exercise

Smoking cessation

Fall prevention

Pharmacologic agents

Hormone replacement therapy

Selective estrogen receptor modulators

Raloxifene (Evista)

Bisphosphonates

Alendronate (Fosamax)

Risedronate (Actonel)

Ibandronate (Boniva)

Zoledronic acid (Reclast)

Calcitonin (Miacalcin nasal spray)

Teriparatide (Fortéo)

TABLE 131-5 Osteoporosis Prevention Guidelines

Hormone replacement therapy for menopausal symptoms

Raloxifene, 60 mg/day

Alendronate, 5 mg/day or 35 mg once weekly by mouth 
(prevention dose)

Risedronate, 5 mg/day or 35 mg weekly by mouth

Ibandronate, 2.5 mg daily or 150 mg monthly by mouth

TABLE 131-6 Osteoporosis Treatment Guidelines

Alendronate, 10 mg/day or 70 mg once weekly (treatment dose)

Risedronate, 5 mg/day or 35 mg weekly by mouth

Ibandronate, 2.5 mg/day or 150 mg monthly orally; 3 mg 
intravenously every 3 months

Zoledronic acid, 5 mg intravenously yearly

Raloxifene, 60 mg/day

Calcitonin (nasal spray) once daily

Teriparatide 20 �g subcutaneously daily for 2 years
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elderly, may slow bone loss and reduce vertebral and 
nonvertebral fracture rates.4 A total calcium intake of 
1200 to 1500 mg/day is recommended for postmeno-
pausal women. This can be achieved by consumption of 
foods that have a high calcium content, such as milk 
and dairy products, especially yogurt. Calcium supple-
mentation is often required, especially in elderly indi-
viduals.

Vitamin D

Vitamin D defi ciency is common in postmenopausal 
women, especially in those who have sustained a hip 
fracture and those who are chronically ill, housebound, 
institutionalized, and poorly nourished.5 A dose of 800 
to 1000 IU per day (from multivitamins and other 
sources) should be administered to prevent vitamin D 
defi ciency. Many calcium supplements now contain 
vitamin D. A serum 25-hydroxyvitamin D level of more 
than 30 ng/mL (70 nmol/L) should be maintained.

Exercise

There is increasing evidence that exercise is benefi cial to 
bone in helping achieve peak bone mass and preserving 
bone later in life.6 Bone adapts to physical and me-
chanical loads placed on it by altering its mass and 
strength. This occurs either by the direct impact from 
the weight-bearing activity or by the action of muscle 
attached to bone. Exercising can also help strengthen 
back muscles, improve balance, lessen the likelihood of 
falling, and give one a sense of well-being.7 Back exten-
sion exercises and abdominal strengthening exercises 
are helpful. However, acute stresses to the back must be 
avoided to lessen the likelihood of fracture. A proper 
exercise program should be established. Older post-
menopausal women and even the frail elderly can toler-
ate and potentially show improvements in muscle 
strength and bone mineral density in response to 
strength training and resistive exercise programs.

Smoking Cessation

A link between smoking and bone mineral loss 
has been reported. In one particular study, a 5% to 
10% reduction in bone density was demonstrated in 
women who smoked one pack per day in adulthood.8
Therefore, it is recommended that physicians aggres-
sively pursue smoking cessation in their treatment 
plans.

Fall Prevention

Many factors can lead to falls, including poor vision, 
frailty, medication (especially hypotensive agents and 
psychotropic agents), and balance disturbances.9 Each 
area needs to be assessed appropriately.

Prevention measures include keeping rooms free from 
clutter and having good lighting. Advise patients to 
wear supportive shoes, to be aware of thresholds, and to 
avoid slippery fl oors; rugs should be tacked down. Grab 
bars are useful in the bathroom. A portable telephone 
and a personal alarm activator are helpful, and some-
one should check on the individual regularly.

Hormone Replacement Therapy

Hormone replacement therapy can be used in the short-
term management of postmenopausal women with 
symptoms of estrogen defi ciency, including hot fl ashes, 
memory defi cits, urinary frequency, and vaginal dry-
ness. Long-term hormone replacement therapy can slow 
bone loss and lower the incidence of fractures. In the 
Women’s Health Initiative with estrogen and progestin, 
there was a 34% reduction in vertebral and hip frac-
tures. However, there was an increase in breast cancer, 
coronary heart disease, stroke, and thromboembolic 
disease.10 The mean age of patients in the Women’s 
Health Initiative was 63 years. A recent reanalysis from 
the Women’s Health Initiative showed no increase in 
coronary heart disease risk in women when hormone 
replacement therapy was started within 10 years of the 
onset of menopause.11 Hormone replacement therapy is 
indicated to treat menopausal symptoms. The lowest 
dose of estrogen and progesterone should be used to 
effectively relieve these symptoms. Women who have 
had a hysterectomy should be given estrogen alone. A 
progestin should be added to the estrogen regimen if 
the uterus is still present.

Selective Estrogen Receptor Modulators

Selective estrogen receptor modulators are synthetic com-
pounds that have both estrogen-antagonistic and estro-
gen-agonistic properties. Raloxifene (Evista) is approved 
by the Food and Drug Administration (FDA) for the pre-
vention and treatment of osteoporosis at an oral dose of 
60 mg daily. Raloxifene is also approved for the reduction 
in risk of invasive breast cancer in postmenopausal 
women with osteoporosis and in postmenopausal 
women at high risk of invasive breast cancer. Raloxi-
fene reduces new vertebral fractures by 40% to 50% but 
not the risk of nonspine fractures.12 Raloxifene acts as an 
antiestrogen on breast tissue, and in the STAR (Study of 
Tamoxifen and Raloxifene) trial involving almost 20,000 
postmenopausal women, raloxifene reduced the risk of 
invasive breast cancer similar to the reduction by tamoxi-
fen.13 Raloxifene does not produce uterine hypertrophy. 
In another report, the RUTH (Raloxifene Use for The 
Heart) trial involving more than 10,000 postmenopausal 
women who had either coronary heart disease or multi-
ple risk factors for coronary heart disease, raloxifene did 
not signifi cantly affect the risk of coronary heart dis-
ease.14 Raloxifene has no benefi cial effects on meno-
pausal symptoms and may increase hot fl ashes and the 
risk of deep venous thrombosis.

Bisphosphonates

The bisphosphonates are a group of compounds related 
chemically to pyrophosphate. They are characterized by a 
P-C-P structure. Changes in the side chains affect the 
binding and potency of the bisphosphonates. They are 
potent inhibitors of osteoclastic bone resorption. Alen-
dronate (Fosamax) was the fi rst approved by the FDA in 
1995 for the prevention and treatment of postmeno-
pausal osteoporosis. Alendronate is also approved for the 
treatment of glucocorticoid-induced osteoporosis15 and 
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osteoporosis in men.16 In postmenopausal women, the 
dose for prevention is 5 mg/day or 35 mg once weekly; 
the dose for treatment is 10 mg/day or 70 mg once weekly. 
Alendronate signifi cantly increases bone mineral density 
at various sites. In addition, there is a signifi cant decrease 
in the incidence of vertebral, hip, and wrist fractures as 
well as painful vertebral fractures, hospitalization days, 
and other measurements of functional impairment.17

Risedronate (Actonel) is approved by the FDA for the 
prevention and treatment of postmenopausal osteopo-
rosis with an oral dose of 5 mg daily or 35 mg weekly. 
Studies have shown an increase in bone mineral density 
at various sites along with a decrease in vertebral and 
nonvertebral fractures.18 Risedronate is also approved 
for the prevention and treatment of glucocorticoid-
induced osteoporosis and osteoporosis in men.

Ibandronate (Boniva) is approved by the FDA for the 
prevention and treatment of postmenopausal osteopo-
rosis. The oral dose is either 2.5 mg daily or 150 mg 
monthly. An intravenous preparation is also available 
for the treatment of postmenopausal osteoporosis in a 
dose of 3 mg intravenously every 3 months. Studies 
have shown an increase in bone density and a reduction 
in vertebral fractures.19

The bisphosphonates are poorly absorbed and must be 
given on an empty stomach to maximize their absorp-
tion. Alendronate and risedronate must be taken at least 
30 minutes (ibandronate, 60 minutes) before the fi rst 
food, beverage, or medication with a full glass of plain 
water, and patients should not lie down for at least 
30 minutes (ibandronate, 60 minutes) to avoid the po-
tential side effect of esophagitis. Patients with a history 
of refl ux should not be given these medications.

Zoledronic acid was recently approved by the Food and 
Drug Administration for the treatment of postmeno-
pausal osteoporosis. It is administered as a once-yearly 
injection of 5 mg. In a study of 7765 postmenopausal 
women with osteoporosis, at the end of 3 years, there 
was a 70% reduction in morphometric vertebral frac-
tures, 41% reduction in hip fractures, and 25% reduc-
tion in nonvertebral fractures. Bone density improved. 
However, serious atrial fi brillation occurred signifi cantly 
more frequently in the zoledronic acid group.23

Calcitonin

For more than 15 years, synthetic salmon calcitonin 
given parenterally by injection has been approved for 
the treatment of postmenopausal osteoporosis. In 1995, 
the nasal spray of calcitonin was approved in a dose of 
200 units (one spray) daily. A reduction in new verte-
bral fractures has been reported but no effect on non-
vertebral fractures.20 Occasional nasal irritation or head-
ache may be seen with the nasal spray.

Parathyroid Hormone

As long ago as the late 1920s, there was evidence that 
parathyroid extract, administered in an intermittent 
once-a-day injection, stimulated osteoblast activity in 
animal models. This is in contrast to bone loss seen 

with chronic elevations in parathyroid hormone in pri-
mary hyperparathyroidism. After human parathyroid 
hormone was sequenced in the early 1970s, clinical 
studies with use of the 1-34 amino-terminal fragment 
started. Early results in osteoporosis trials showed in-
creases in bone accretion, calcium balance, and trabecu-
lar bone volume with normal skeletal architecture.21 In 
the multicenter trial of recombinant human parathy-
roid hormone 1-34 fragment (teriparatide), 20 �g ad-
ministered subcutaneously daily produced an increase 
in vertebral and hip bone density and a 55% reduction 
in vertebral fracture risk.22 Teriparatide (Fortéo) is gen-
erally well tolerated and is self-administered for up to 
2 years by use of a 31-gauge needle and a prefi lled sy-
ringe with a 28-day supply of medication. It is the only 
anabolic agent available (in contrast to the antiresorp-
tive agents) and is approved for the treatment of post-
menopausal women with osteoporosis who are at high 
risk for fracture. It is also approved for osteoporosis 
in men. In rats given teriparatide in doses up to 60 
times the exposure in humans, there was an increase 
in osteosarcoma, which was dose and duration depen-
dent. Thus, teriparatide should not be administered to 
patients who have an increased baseline risk for osteo-
sarcoma, including patients with Paget disease of bone, 
those with unexplained elevated alkaline phosphatase, 
and those who have received prior external beam or 
implant radiation therapy involving the skeleton.

Future Therapies

Many new therapies have potential in the treatment of 
osteoporosis. A few are given as examples.

Strontium ranelate has shown increases in bone mineral 
density and decreased vertebral fracture incidence.24

Denosumab is a monoclonal antibody directed against 
RANKL, a cytokine mediator responsible for accelerat-
ing osteoclast formation. In one clinical trial, osteopo-
rotic patients treated with denosumab showed clinically 
signifi cant increases in lumbar spine and hip bone min-
eral density of 3.0 to 6.7 and 1.9 to 3.6, respectively.25

Rehabilitation
Rehabilitation efforts in osteoporosis should commence 
long before a fracture. Either a physical or occupational 
therapist can be involved in assessing the patient’s 
home to make sure it is safe and to decrease the risk of 
falls. Specialized equipment, such as grab bars for the 
bathroom and hand-held reachers for high cupboards, 
can be very helpful. It is important to educate patients 
about keeping the fl oors clear of clutter and throw rugs. 
Small pets also can be a hazard underfoot.

Therapists can assess whether the patient would be safer 
ambulating with an assistive device (e.g., cane or walker) 
in the home and community. It is important for all as-
sistive devices to be appropriately prescribed and fi tted 
for the patient.

Finally, therapists can instruct patients about how to ex-
ercise to improve strength, fl exibility, and balance. All of 
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these activities can help prevent falls, and weight-bearing 
strengthening exercises may also improve bone density.

In patients with a hip fracture or other disabling fracture, 
a multidisciplinary coordinated team approach involving 
the physician, therapists, and other rehabilitation special-
ists (e.g., nurse, social worker) is necessary for the patient 
to regain maximal function and to lead a productive life. 
The initial rehabilitation program also involves pain con-
trol, bowel and bladder care, and maintenance of skin 
integrity. The therapists, in addition to working on a pro-
gram involving bed mobility, transfers, gait activities, 
safety precautions, and activities of daily living, must be 
cognizant of the medical problems in each patient. After 
an acute rehabilitation stay, some patients may need an 
additional stay in a transitional setting on their way to 
eventually going home or else require long-term place-
ment. For those able to go home, the team needs to teach 
the patient a home exercise program, to order appropri-
ate equipment, and to arrange for continued therapy, ei-
ther at home or in an outpatient setting.

Procedures
Other than surgery for fracture repair, procedures are gen-
erally not needed in the management of osteoporosis. Two 
procedures—vertebroplasty and kyphoplasty—are avail-
able to stabilize vertebral fractures and to alleviate pain.

Surgery
Surgical repair and stabilization is the preferred treat-
ment for hip fracture and some other fractures.

POTENTIAL DISEASE COMPLICATIONS
As bone density decreases, the risk for sustaining a frac-
ture increases. Osteoporosis is asymptomatic until a 
fracture occurs. Thereafter, all complications are related 
to the problems from these fractures, to the surgery (if 
it is required), and to the recuperative period.

After vertebral fractures, acute pain may limit mobility. 
Bed rest and narcotic analgesics may be necessary. Se-
vere constipation and urinary retention may ensue. 
Chronically, patients may suffer from severe back pain 
and have respiratory problems, abdominal distention, 
bloating, and constipation. Many patients who wear a 
back brace complain about the discomfort and diffi -
culty in using it.

POTENTIAL TREATMENT 
COMPLICATIONS
The complications of treatment can be related either to the 
surgical repair of the fracture and the recuperative phase or 
to medications used to prevent or to treat osteoporosis.

Most osteoporotic fractures occur in older patients and 
result in loss of function and loss of independence and 
the need for long-term care. Because surgery is required 
to repair a hip fracture, complications from surgery, 

anesthesia, bed rest, and pain medications (often nar-
cotics) are common. Pneumonia, phlebitis, urinary 
tract infection, constipation, and respiratory problems 
also are frequent.

Complications from drug therapy for osteoporosis in-
clude the following: potential increase in breast cancer, 
heart disease, thromboembolic problems, and endome-
trial cancer (in those using only estrogen) with hormone 
replacement therapy; hot fl ashes and increase in clotting 
from raloxifene; upper gastrointestinal symptoms and 
esophagitis from oral alendronate, risedronate, and 
ibandronate; infl uenza-like symptoms from intravenous 
ibandronate and zoledronic acid; running nose and 
headache from calcitonin; and transient mild hypercal-
cemia with teriparatide.
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DEFINITION
Parkinson disease (PD) is a chronic, progressive neurode-
generative disease. On pathologic examination, it is char-
acterized by preferential degeneration of dopaminergic 
neurons in the substantia nigra pars compacta and the 
presence of cytoplasmic inclusions known as Lewy bod-
ies; clinically, it is characterized by a resting tremor, bra-
dykinesia, and rigidity. It is important to distinguish PD 
from the disorders that are known collectively as the 
Parkinson-plus syndromes. These are relatively rare disor-
ders that share some of the features of PD, such as rigidity 
and bradykinesia. However, the Parkinson-plus syn-
dromes do not respond to medical treatment and have 
some unique clinical features as well.

The prevalence of PD, in industrialized countries, is esti-
mated at 0.3% of the entire population and 1% of the 
population older than 60 years.1 PD is clearly an age-
related disease. Studies show that the prevalence of PD 
increases up to the ninth decade (ages 80 to 89 years) of 
life. Reliable information about the prevalence of PD be-
yond the ninth decade is not available. Some studies have 
reported a higher incidence of PD in men than in women, 
although other studies have refuted this fi nding.2-4

SYMPTOMS
The most common initial manifestations of PD are rest 
tremor and bradykinesia. Less common presenting com-
plaints include hypophonia, gait diffi culty, and fatigue. 

It is not uncommon for one of these features to be pres-
ent for months or even years before others develop.

Pain is also a part of PD. An aching pain in the initially 
affected limb may fi rst be attributed to bursitis or arthri-
tis. Additional symptoms, seen early in the course of 
PD, include a resting tremor and a sensation of stiffness. 
The resting tremor is suppressed by either purposeful 
movement or sleep and exacerbated by anxiety. The 
sensation of stiffness occurs in the affected arm or leg 
and may be accompanied by the perception that one is 
slow with movement.

As the disease progresses, there is marked diffi culty in 
both initiating and terminating movement. There is dif-
fi culty in rising from a seated position, particularly when 
one is seated in a sofa or chair without armrests. Hand-
writing becomes smaller and more diffi cult to read. 
Friends and family members often complain that the 
patient’s speech is more diffi cult to understand, particu-
larly on the telephone. The symptom of a softer voice 
with a decline in enunciation is known as hypophonia.

PHYSICAL EXAMINATION
The most distinctive clinical feature is the rest tremor. It 
is typically present in a single upper extremity early in 
the course of the disease. As the disease progresses, the 
resting tremor may spread to both the ipsilateral lower 
limb and the contralateral limbs. Examination of motor 
tone reveals cogwheel rigidity in the affected limb. Mo-
tor strength, however, remains unaffected.

Additional features that must be evaluated in an exami-
nation include rapid, repetitive limb movements and 
gait. Examination of repetitive movements of the fi ngers 
or entire hand will reveal bradykinesia in the affected 
limb. Examination of gait will reveal decreased arm 
swing on the affected side, smaller steps, and an inabil-
ity to pivot turn. Typically, patients make several steps 
to complete a turn because of some degree of postural 
instability. Deep tendon refl exes and sensation are not 
affected in PD.

In advanced PD, loss of postural refl exes becomes evi-
dent. Individuals are unable to maintain balance when 
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Synonyms
Shaking palsy
Paralysis agitans
Idiopathic parkinsonism

ICD-9 Codes
332.0 Parkinson disease/parkinsonism
333.1 Essential tremor
333.0 Other degenerative diseases of the basal ganglia

(This includes multiple system atrophy, progressive 
supranuclear palsy, and corticobasal degeneration.)
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turning. Other manifestations of advanced PD include 
freezing episodes and dysphagia.

In examination of someone who is taking medication 
for PD, it is important to record the time at which the 
last dose of medication was taken relative to the time 
at which the examination occurs. Medications for PD 
are particularly good at ameliorating the rest tremor 
and bradykinesia, particularly in the early stages of the 
disease. Typically, the rest tremor will subside for 1 to 
3 hours after the last dose of medication. Other features, 
such as reduced arm swing, hypophonia, and loss of 
postural refl exes, do not respond to oral medication.

FUNCTIONAL LIMITATIONS
Functional limitations depend on which symptoms are 
most prominent in a particular patient. Early in the 
course of PD, the sole limitation may be in one’s ability 
to write legibly. Affected individuals are still able to 
perform activities of daily living, although they may 
prefer to use the unaffected limb for tasks such as shav-
ing and dressing. Although the rest tremor may result in 
a feeling of self-consciousness or embarrassment, it 
does not affect one’s independence as it is suppressed 
with purposeful movement.

As the disease progresses, the ability to perform fi ne 
motor skills declines, and diffi culty with standing and 
gait develops. An individual will have diffi culty in but-
toning a shirt or tying shoelaces. More time will be 
required to stand and initiate gait. Postural instability 
with a tendency to retropulse also develops. Thus, pa-
tients have diffi culty in climbing stairs and walking 
safely and quickly. Slowed reaction times may also af-
fect one’s ability to drive safely. Decisions about 
whether someone should drive are often diffi cult and 
must be made on an individual basis. Marked hypo-
phonia may make speaking on the telephone diffi cult 
as well. As the voice becomes more affected, dysphagia 
is likely to develop.

One aspect of PD that has historically gotten little atten-
tion from medical professionals is the effect it has on 
sexual activity. According to the National Parkinson 
Foundation, almost 81% of men and 43% of women 
with PD report experiencing diminished sexual activity. 
Men may experience erectile dysfunction. Women may 
experience a declining interest in sexual activity, abnor-
mal sexual arousal, or reduced orgasm.

In end-stage PD, limitations include marked dysphagia 
and severe abnormalities of gait that require both de-
vices and one or two persons for assistance. At this stage, 
help is necessary for all activities of daily living as well.

DIAGNOSTIC STUDIES
PD is a clinical diagnosis. Conventional laboratory inves-
tigations do not contribute to the diagnosis or manage-
ment of PD. Computed tomography and magnetic reso-
nance imaging scans of the brain do not reveal any 
consistent abnormalities. Positron emission tomography 

with use of 6-[18F]fl uorolevodopa reveals reduced accu-
mulation of radioisotope in the striata. There is greater 
loss contralateral to the side that is most affected clini-
cally. These fi ndings are consistent with the reduction of 
dopamine that occurs in PD. However, positron emission 
tomography remains an experimental rather than a diag-
nostic tool.

Differential Diagnosis

The differential diagnosis includes several diseases 
known collectively as the Parkinson-plus syndromes.

Multiple system atrophy: In addition to bradykinesia 
and rigidity, multiple system atrophy is characterized 
by ataxia and autonomic dysfunction that typically is 
manifested as episodes of fl ushing or palpitations.

Progressive supranuclear palsy: In addition to bradyki-
nesia, rigidity, and rest tremor, progressive supranuclear 
palsy is characterized by the inability to voluntarily 
move the eyes upward and frequent falls that occur 
relatively early in the course of the disease.

Corticobasal degeneration: In addition to bradykinesia 
and rigidity, corticobasal degeneration is characterized 
by a loss of the ability to coordinate specifi c purposeful 
movements of the limbs (apraxia) and a sensation that 
one’s limbs are not one’s own (alien-limb syndrome).

Essential tremor: Essential tremor is an involuntary, 
rhythmic tremor of a body part. Essential tremor most 
commonly affects the arms and hands but can also 
involve the head, voice, tongue, trunk, or legs.

TREATMENT
Initial
The decision to initiate medical treatment is based on 
the degree of disability and discomfort that the pa-
tient is experiencing. Six classes of drugs are used to 
treat PD (summarized in Table 132-1). The selection 
of a particular drug depends on the patient’s main 
complaint, which is usually either a rest tremor or 
bradykinesia. There is no evidence to suggest that ex-
pediting or delaying the onset of treatment for PD has 
any effect on the overall course of the disease. How-
ever, it is clear that those who do not receive treatment 
and are bradykinetic are at greater risk of falling and 
injuring themselves.

Anticholinergic agents are the oldest class of medica-
tions used in PD. They are most effective in reducing the 
rest tremor and rigidity associated with PD. However, 
the side effects associated with anticholinergic agents 
typically limit their usefulness. Amantadine is also used 
in the treatment of PD. Amantadine produces a limited 
improvement in akinesia, rigidity, and tremor.

Dopamine replacement remains the cornerstone of an-
tiparkinson therapy. Levodopa is the natural precursor 
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to dopamine and is converted to dopamine by the en-
zyme aromatic amino acid decarboxylase. To ensure 
that adequate levels of levodopa reach the central ner-
vous system, levodopa is administered simultaneously 
with a peripheral decarboxylase inhibitor. In the United 
States, the most commonly used peripheral decarboxy-
lase inhibitor is carbidopa. Levodopa is most effective in 
reducing tremor, rigidity, and akinesia. The most com-
mon side effects, seen with the onset of treatment, are 
nausea, abdominal cramping, and diarrhea. Long-term 
treatment with levodopa is associated with three types 
of complications: hourly fl uctuations in motor state, 
dyskinesias, and a variety of psychiatric complaints in-
cluding hallucinations and confusion. However, it is 
not clear whether the motor fl uctuations are due to the 
levodopa treatment alone, the disease progression alone, 
or a complex interplay of imperfect dopamine replace-
ment and the inexorable progression of disease. In sum-
mary, current evidence supports the use of dopamine 
replacement as soon as the symptoms of PD become 
troublesome to the individual patient. There is no evi-
dence that supports withholding of treatment to mini-
mize long-term motor complications.5

Dopamine agonists, which directly stimulate dopamine 
receptors, are also used in the treatment of PD. These 
agents can be used either as an adjunct to levodopa 
therapy or as monotherapy. The older dopamine ago-
nists, which are relatively nonspecifi c and exert their 
effects at both D1 and D2 receptors, are bromocriptine 
and pergolide. In comparison to the side effects seen 
with levodopa, there is a lower frequency of dyskinesias 
and a higher frequency of confusion and hallucina-
tions. The newer dopamine agonists pramipexole and 
ropinirole are more specifi c for D2 receptors. These 
newer agents have been reported to cause excessive leth-
argy and sleep attacks.6 All dopamine agonists can cause 
orthostatic hypotension, particularly when they are fi rst 

introduced. It is best to start with a small dose of medi-
cation at bedtime and then slowly increase the total 
daily dose.

Inhibitors of dopamine metabolism are also used in the 
medical treatment of PD. Both selegiline and rasagiline 
inhibit monoamine oxidase B, which metabolizes do-
pamine in the central nervous system. Thus, inhibitors 
of monoamine oxidase B are thought to improve an 
individual’s response to levodopa by alleviating the mo-
tor fl uctuations that are seen with long-term levodopa 
treatment. Another agent that inhibits the metabolism 
of dopamine is entacapone. Entacapone inhibits cate-
chol O-methyltransferase in the periphery. Entacapone 
is administered in conjunction with levodopa and, by 
inhibiting peripheral catechol O-methyltransferase ac-
tivity, increases the amount of levodopa that reaches the 
central nervous system. The benefi ts of entacapone 
treatment include a reduction in total daily levodopa 
dose and an improvement in the length of time of 
maximum mobility.7

Constipation is a frequent complaint. Treatment in-
cludes increase in physical activity; discontinuation of 
anticholinergic drugs; and maintenance of a diet with 
intake of adequate fl uids, fruit, vegetables, fi ber, and 
lactulose (10 to 20 g daily).

Rehabilitation
The clinical pathologic process seen in PD reveals that 
patients tend to become more passive, less active, and 
less motivated as the disease progresses. The benefi ts to 
physical and occupational therapy are thus more far 
reaching than a simple improvement in motor function. 
The physical benefi ts include improvement in muscle 
strength and tone as well as maintenance of an adequate 
range of motion in the joints. The psychological benefi ts 

TABLE 132-1 Classes of Antiparkinson Medications, Mechanisms of Action, Benefi cial Effects, and Side Effects

Drug Class Specifi c Agents Mechanism of Action Effective for Side Effects

Anticholinergic Benztropine Muscarinic receptor blocker Tremor, rigidity Dry mouth, blurred vision, con-
stipation, urinary retention, 
confusion, hallucinations, 
impaired concentration

Antiviral Amantadine Promotes synthesis and 
release of dopamine

Tremor, rigidity, akinesia Leg edema, livedo reticularis, 
confusion, hallucinations

Dopamine replace-
ment

Levodopa Converted to dopamine Tremor, rigidity, akinesia, 
freezing

Nausea, diarrhea, confusion, 
hallucinations

Dopamine agonists 
(D1 and D2)

Bromocriptine, 
pergolide

Dopamine analogues that 
bind to D1 and D2 receptors

Rigidity, akinesia Leg edema, nausea, 
confusion, hallucinations

Dopamine agonists 
(D2)

Ropinirole, 
pramipexole

Dopamine analogues that 
bind to D2 receptors

Rigidity, akinesia Leg edema, sleep attacks, nau-
sea, confusion, hallucinations

Monoamine oxidase 
B inhibitors

Selegiline, 
rasagiline

Inhibit the metabolism of 
dopamine

Mild reduction in “wearing 
off” from levodopa

Nausea, hallucinations, 
confusion

Catechol 
O-methyltransferase 
 inhibitor

Entacapone Inhibits the metabolism of 
dopamine

Mild reduction in “wearing 
off” from levodopa

Dyskinesia, nausea, diarrhea
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include enlistment of the patient as an active participant 
in treatment and provision of a sense of mastery over the 
effects of PD. Both physical therapy and occupational 
therapy focus on mobility, the use of adaptive equip-
ment, and safety in both the home and community.

Because the symptoms of PD gradually worsen over time, 
individuals can benefi t from periodic physical therapy 
training throughout the course of their illness. An em-
phasis on gait training is particularly helpful to prevent 
falls and injury. Gait training typically involves training 
an individual to be conscious of taking a longer stride 
and putting the foot down with each step. Another 
method is to use visual cues to maintain a regular size for 
each step. For example, one can put strips of masking 
tape on the fl oor, at a regular interval that is comfortable 
for one’s height, weight, and gender. As PD progresses, 
episodes of frozen gait, in which the feet seem to be stuck 
to the fl oor, occur. Such freezing episodes can be broken 
by multiple techniques, such as visualizing that one is 
stepping over an imaginary line on the fl oor, counting in 
a rhythmic cadence, or marching in place.

Occupational therapy is particularly helpful in recom-
mending adaptive devices or establishing new routines 
that allow people with PD to continue to live indepen-
dently. For example, the use of a long-handled shoe-
horn reduces the need to bend over and thus eliminates 
the risk that a person with PD will fall while getting 
dressed. Other examples of adaptive equipment are a 
fi rmly secured grab bar in the bathtub and a relatively 
high toilet seat with armrests to minimize the risk of 
freezing while on the toilet.

Speech therapy plays a critical role for those PD patients 
who suffer from communication diffi culties. Although 
dysarthria is diffi cult to treat, hypophonia can be over-
come with training. Specifi cally, the Lee Silverman Voice 
Treatment program has been shown to be effective in 
improving both the volume and clarity of speech in 
those with PD.8 Swallow evaluation and therapy are 
also helpful in the treatment of dysphagia, which occurs 
as PD progresses.

Procedures
Feeding tubes are sometimes used in individuals who 
have severe end-stage PD. Some patients elect hospice 
care, without artifi cial feeding at that point. Individuals 
who do get feeding tubes may need to have medication 
doses adjusted (e.g., carbidopa-levodopa will now by-
pass the esophagus and have a shortened time to onset 
of action).

Surgery
Although a large number of medications are available 
for the treatment of early and moderately advanced PD, 
they are of limited effi cacy in those with advanced PD. 
Several surgical procedures are currently available for 
those with advanced PD. These procedures consist of 
either creation of a permanent lesion or insertion of an 
electrical stimulator in a specifi c nucleus of the brain.

Thalamotomy consists of introduction of a lesion in the 
ventral intermediate nucleus of the thalamus. Thala-
motomy has been reported to produce a reduction in 
tremor of the contralateral limb in 80% of the patients 
who were treated.9 There was no improvement in brady-
kinesia or in gait or speech abnormalities. Thalamotomy 
is recommended in PD patients with an asymmetric, 
severe, medically intractable tremor.

Unilateral pallidotomy consists of introduction of a le-
sion in the globus pallidus. The most striking benefi ts 
are a reduction in contralateral drug-induced dyskine-
sias, contralateral tremor, bradykinesia, and rigidity.10,11

Unilateral pallidotomy is recommended in PD patients 
with bradykinesia, rigidity, and tremor who experience 
signifi cant drug-induced dyskinesia despite optimal 
medical therapy. Few data are available about the cogni-
tive effects of unilateral pallidotomy. Thus, neuropsy-
chological evaluation is recommended in all patients 
both before and after surgery.

Deep brain stimulation (DBS) consists of high-frequency 
electrical stimulation in one of the following locations: 
the ventral intermediate nucleus of the thalamus, 
the globus pallidus, or the subthalamic nucleus. DBS 
requires surgery, in which the source of electrical stimu-
lation is placed subcutaneously in the chest wall and 
the leads to which it is attached are placed in one of the 
locations listed. The advantage of DBS is that the degree 
of electrical stimulation can be easily adjusted, exter-
nally, once the DBS unit is in place. In contrast, both 
thalamotomy and pallidotomy result in permanent, 
fi xed lesions in the brain. DBS of the ventral intermedi-
ate nucleus of the thalamus is effective in the treatment 
of a severe and disabling tremor that is unresponsive 
to medical therapy. DBS of the globus pallidus results in 
a marked reduction in dyskinesia. There are also im-
provements in bradykinesia, speech, gait, rigidity, and 
tremor. DBS of the subthalamic nucleus also results in 
marked improvement in tremor, akinesia, gait, and pos-
tural stability.12

For the symptoms of PD that no longer fully respond 
to medication, surgical treatment is an important 
therapeutic option. In carefully selected cases, thala-
motomy and DBS of the thalamus can safely and ef-
fectively control contralateral tremor. Unilateral palli-
dotomy has been demonstrated to be an effective 
treatment of severe dyskinesias. Most commonly, DBS 
of the subthalamic nucleus improves motor function 
and reduces “off” time.13 DBS of the ventral intermedi-
ate nucleus of the thalamus or the globus pallidus re-
mains under investigation.

POTENTIAL DISEASE COMPLICATIONS
The true prevalence of depression in those with PD is 
unknown, but estimates vary from 7% to 75%.14 It may 
be diffi cult to distinguish true depression from the apa-
thy associated with PD. The crucial factor is to determine 
whether the patient has a true disturbance of mood, 
with loss of interest, sleep disturbance, and sometimes 
suicidal thoughts. The reasons for depression in PD are 
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a subject of debate. There is a suspicion that the patho-
logic process of PD itself may predispose to depression. 
Regardless of the cause, recognition and treatment 
of depression may have a signifi cant impact on the over-
all disability caused by the illness. Many PD patients 
have been treated safely and effectively with selective 
serotonin reuptake inhibitors, such as fl uoxetine and 
paroxetine. Tricyclic antidepressants can be used, al-
though their anticholinergic properties may limit their 
effectiveness.

Gastrointestinal complications also occur in PD. Dys-
phagia is typically due to poor control of the muscles 
of both mastication and the oropharynx. Soft food 
is easier to eat, and antiparkinson medication improves 
swallowing.

POTENTIAL TREATMENT 
COMPLICATIONS
The motor complications seen with pharmacologic 
treatment are divided into two categories: fl uctuations 
(off state) and levodopa-induced dyskinesias. The off 
state consists of a return of the signs and symptoms of 
PD: bradykinesia, tremor, and rigidity. Patients may 
also experience anxiety, dysphoria, or panic during an 
off state.

The development of levodopa-induced dyskinesias ap-
pears to be related to the degree of dopamine receptor 
supersensitivity. As PD progresses, there is an increasing 
loss of dopamine receptors. This results in an increased 
sensitivity of the remaining dopamine receptors to do-
pamine itself. Thus, there is a greater chance for devel-
opment of dyskinesias at a given dose of levodopa. 
Treatment options are to lower each dose of levodopa 
but with an increase in the frequency with which it is 
taken; to add or to increase the dose of a dopamine 
agonist while the dose of levodopa is decreased; and to 
add amantadine, which has been shown to be an anti-
dyskinetic agent in some patients.13,15 In addition, those 
patients who continue to experience an improvement in 
their mobility with levodopa but develop dyskinesias 
that become more pronounced as the day progresses are 
excellent candidates for DBS.
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DEFINITION
Peripheral neuropathies are a collection of disorders 
characterized by the generalized dysfunction of nerves. 
This group of diseases is heterogeneous, including those 
that predominantly affect the nerve axon, others that 
primarily affect the myelin sheath, and still others that 
involve both parts of the nerve simultaneously. In addi-
tion, some peripheral neuropathies affect only small, 
unmyelinated fi bers, whereas others predominantly in-
volve only large myelinated ones. Table 133-1 contains 
a list of the most frequently encountered forms of pe-
ripheral neuropathy.

Peripheral neuropathy is common; one Italian study 
suggested a prevalence of about 3.5% in the general 
population.1 In diabetes, one study demonstrated clini-
cal peripheral neuropathy affecting 8.3% of individuals 
compared with a control population, in whom 2.1% of 
individuals were affected.2 After 10 years, 41.9% of the 
diabetic patients had developed peripheral neuropathy 
compared with 6% of the control subjects.

Defi ning peripheral neuropathy remains no simple task. 
Members of the American Academy of Neurology along 
with those from the American Association of Electrodi-
agnostic Medicine and the American Academy of Physi-

cal Medicine and Rehabilitation have developed a for-
mal case defi nition for distal symmetric polyneuropathy 
(the most common form).3 The authors chose to use a 
combination of symptoms, signs, and electrodiagnostic 
testing results to formulate an ordinal ranking system to 
identify the likelihood of the disease in a given patient. 
Although it is a very useful tool for future research stud-
ies, the necessity of applying such a complex approach 
underscores the diffi culty in attempting to defi ne pe-
ripheral neuropathy in any simple fashion.

SYMPTOMS
Patients with peripheral neuropathy present with a 
number of specifi c sensory complaints, including de-
creased sensation often associated with pain, tingling 
(paresthesias), and burning. Some patients, usually 
with more advanced disease, will note thinning of the 
feet and some weakness, especially with the develop-
ment of partial footdrop. Walking diffi culties usually 
also develop once sensation is signifi cantly impaired. 
Sensory symptoms in the hand (paresthesias and re-
duced tactile sensation) usually develop once an axonal 
peripheral neuropathy has progressed up to about the 
level of the knees. In patients with generalized demy-
elinating peripheral neuropathies, more generalized 
symptoms of weakness and sensory loss are often pres-
ent, although distally predominant paresthesias often 
occur.

PHYSICAL EXAMINATION
The history includes a detailed past medical history, 
review of systems, and any prior exposure to toxins 
(Table 133-2).

The physical examination demonstrates distinct abnor-
malities that depend on the form of peripheral neu-
ropathy present. Most commonly, patients present with 
a sensorimotor axonal peripheral neuropathy. In this 
condition, decreased sensation to pinprick, vibration, 
light touch, and temperature may be identifi ed distally 
in the lower extremities with normal sensation more 
proximally. Some weakness of toe or foot extension and 
fl exion may also be apparent. Deep tendon refl exes will 

Synonyms
Polyneuropathies
Neuropathies

ICD-9 Codes
356.2 Hereditary sensory neuropathy
356.4 Idiopathic progressive polyneuropathy
356.9 Idiopathic neuropathy, unspecifi ed
357.1 Polyneuropathy in collagen vascular disease
357.2 Polyneuropathy in diabetes
357.3 Polyneuropathy in malignant disease
357.4 Polyneuropathy in other diseases classifi ed elsewhere
357.5 Alcoholic polyneuropathy
357.6 Polyneuropathy due to drugs
357.7 Polyneuropathy due to other toxic agents
357.9 Infl ammatory and toxic neuropathy, unspecifi ed
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be hypoactive distally (e.g., ankle jerks decreased rela-
tive to knee jerks).

In patients with acquired demyelinating peripheral neu-
ropathy, the examination may demonstrate marked 
generalized weakness with only mildly abnormal sen-
sory fi ndings, usually including decreased joint position 
sense. In this disorder, deep tendon refl exes may be re-
duced or diffusely absent. Patients with hereditary de-
myelinating polyneuropathies may demonstrate distal 
muscle atrophy in the feet and lower legs. Such patients 
may develop a pes cavus foot deformity, in which the 
foot is foreshortened and has a very high arch. A “cham-
pagne bottle” appearance to the legs (where muscular 
atrophy of the foreleg, especially the calf, is prominent) 
may also be present. As any peripheral neuropathy pro-
gresses, lower extremity sensory loss may lead to gait 
unsteadiness, and upper extremity sensory loss may 
produce decreased hand dexterity.

FUNCTIONAL LIMITATIONS
Patients with peripheral neuropathy face a number of 
potential functional limitations. In those individuals with 
a distal axonal peripheral neuropathy, limitations usually 

include problems with gait and unsteadiness, especially as 
the neuropathy progresses. If pain is a prominent symp-
tom, the activities of daily living may be compromised to 
some extent. Pain may also be prominent at night, inter-
fering with sleep. In those patients with very advanced 
axonal peripheral neuropathy or demyelinating forms, 
such as hereditary Charcot-Marie-Tooth disease, weakness 
can produce major functional limitations, restricting the 
patient’s walking ability and in some cases leading to dys-
pnea and nocturnal hypoventilation. In patients with 
some chronic forms of demyelinating polyneuropathy, 
weakness of both proximal and distal muscles can be-
come severe, limiting the performance of many activities 

TABLE 133-2  Toxins Producing Peripheral Nerve 
Degeneration

Industrial chemicals

Affect peripheral nervous system preferentially

Lead

Acrylamide

Organophosphates

Thallium

Some effects on central nervous system

Carbon disulfi de

Methylmercury

Methyl bromide

Large amounts required

Arsenic

Trichloroethylene

Tetrachloroethane

2,4-dichlorophenoxyacetic acid (2,4-D)

Pentachlorophenol

DDT

Some effects on other than nervous tissue

Carbon tetrachloride

Carbon monoxide

Pharmaceutical substances

Arsenic

Arsenic-based chemicals

Clioquinol

Disulfi ram

Gold

Hydralazine

Nitrofurantoin

Phenytoin

Sulfonamides

Thalidomide

Thallium

Vincristine

Modifi ed from Gilliatt RW. Recent advances in the pathophysiology of 
nerve conduction. In Desmedt JE, ed. New Developments in Electromyog-
raphy and Clinical Neurophysiology. Basel, Karger, 1973:2-18.

TABLE 133-1 Specifi c Disorders of Peripheral Nerves

Predominantly axonal disorders

Diabetic neuropathy

Alcoholic neuropathy

Medication-related neuropathy (e.g., metronidazole, colchicine, 
nitrofurantoin, isoniazid)

Systemic disease–related neuropathy (e.g., chronic renal failure, 
infl ammatory bowel disease, connective tissue disease)

Thyroid neuropathy

Heavy metal toxic neuropathy (lead, arsenic, cadmium)

Porphyric neuropathy

Paraneoplastic neuropathy

Syphilitic, Lyme neuropathy

Sarcoid neuropathy

Human immunodefi ciency virus–related neuropathy

Hereditary neuropathies (Charcot-Marie-Tooth, type 2; 
familial amyloid; mitochondrial)

Critical illness neuropathy

Predominantly demyelinating disorders

Idiopathic chronic infl ammatory demyelinating 
polyradiculoneuropathy (CIDP)

CIDP associated with monoclonal proteins

Antimyelin-associated glycoprotein neuropathy (a form of CIDP)

Antisulfatide antibody–associated neuropathy (a form of CIDP)

Human immunodefi ciency virus–associated CIDP

Guillain-Barré syndrome

Hereditary (Charcot-Marie-Tooth, types 1 and 3)
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of daily living. Sensory defi cits can limit one’s ability to 
button shirts, to zip pants, to turn a key in a lock, to tie 
shoelaces, or to type on a computer.

DIAGNOSTIC STUDIES
Electrodiagnostic studies (including electromyography 
and nerve conduction studies) remain the most impor-
tant fi rst tests in the evaluation of polyneuropathy.4
Nerve conduction studies assist in determination of 
whether the peripheral neuropathy is mainly demyelin-
ating, axonal, or mixed (Figs. 133-1 and 133-2) by 
evaluation of the amplitude and conduction velocities 
of the motor and sensory responses obtained.5 Likewise, 
nerve conduction studies help determine the severity of 
the process as well. Although needle electromyography 
plays a more limited role in the diagnosis of peripheral 
neuropathy, a gradient of reinnervation, in which distal 
muscles are most abnormal and proximal muscles less 
affected, helps determine the degree of motor involve-
ment. In addition, needle electromyography may assist 
in determining whether a superimposed problem, such 
as polyradiculopathy, is also contributing.

In general, a number of serologic tests are also per-
formed to identify the cause of the peripheral neuropa-
thy. These are outlined in Table 133-3.

Additional workup is occasionally necessary. For exam-
ple, quantitative sensory testing can delineate the degree 
of sensory loss and the extent to which specifi c modali-
ties are affected. In this technique, patients are asked to 
determine whether they can feel certain sensations gen-
erated by a probe touching the skin. By use of certain 
algorithms, the physician can obtain an accurate assess-
ment of the severity of sensory defi cit and the modali-
ties affected. This form of testing can be especially help-

ful in small-fi ber peripheral neuropathies, as standard 
electrodiagnostic recording may be normal. Autonomic 
testing (such as tilt-table testing and heart rate variabil-
ity to deep breathing) may also be helpful in delineat-
ing the involvement of the autonomic nervous system 
in the neuropathic process.

Sural nerve biopsy can be useful in determining the 
cause of the polyneuropathy for some conditions that 
are diffi cult to diagnose, such as amyloid neuropathy, as 
well as some other unusual forms of peripheral neu-
ropathy. On occasion, muscle biopsy may also be help-
ful in this regard as well because vasculitic abnormali-
ties or amyloid can also be identifi ed. Lumbar puncture 
may aid in the determination of whether an acquired 
demyelinating peripheral neuropathy is present by the 
identifi cation of a very elevated cerebrospinal fl uid pro-
tein concentration and normal white blood cell count 
(so-called albuminocytologic dissociation). The analy-
sis of cutaneous sensory fi bers through the use of skin 
biopsy has also been introduced to identify small-fi ber 
peripheral neuropathies.6

TREATMENT
Initial
If a cause of the axonal peripheral neuropathy is 
known or identifi ed (which generally is achieved about 
70% of the time), treatment geared toward the under-
lying disorder itself might help slow progression of the 

Dendrites

Cell body Myelin sheath

Axon

FIGURE 133-2. Schematic representation of a motor nerve extend-
ing from a cell body to the muscle it innervates.

Normal Segmental
demyelination

Axonal
degeneration

FIGURE 133-1. Types of peripheral nerve damage.

Differential Diagnosis

Myelopathy (spinal cord compression)

Lumbosacral polyradiculopathy (lumbar stenosis)

Mononeuropathy multiplex
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polyneuropathy. For example, improved glucose con-
trol can help improve neuronal function in diabetic 
neuropathy.7 Likewise, in those people with a neurop-
athy secondary to toxin exposure, such as alcoholic 
neuropathy, decreased exposure to the toxin may, of 
course, be helpful.

In patients with axonal peripheral neuropathies, treat-
ment is usually symptom based, with efforts toward re-
ducing pain and dysesthesias. A number of drugs have 
proved useful in this regard.8 The tricyclic antidepres-
sants remain most effective (generally nortriptyline or 
amitriptyline, starting with 10 mg at bedtime and in-
creasing as needed until improvement occurs). Gaba-
pentin (starting at a dose of 100 to 300 mg three times 
daily) has also gained wide acceptance in the treatment 
of this disorder during the past several years.9 Other 
medications, including carbamazepine, diphenylhydan-
toin, and more recently topiramate, have been used as 
well. Two new drugs have become available,10,11 specifi -
cally approved for use in diabetic polyneuropathy: du-
loxetine (Cymbalta), at 30 mg or 60 mg daily; and pre-
gabalin (Lyrica) at a dose of 50 mg three times daily, 
increasing to 100 mg if needed. However, it is not clear 
that either of these is more effi cacious than previously 
available medications. Application of capsaicin oint-
ment to the feet can also occasionally be helpful. In 

patients in whom these measures prove of limited 
value, the use of long-acting narcotic agents may be 
necessary.

In patients with certain forms of demyelinating periph-
eral neuropathy (such as chronic infl ammatory demy-
elinating polyradiculoneuropathy), immunosuppressive 
or immunomodulating therapies can make a dramatic 
difference in the patient’s symptoms and level of func-
tion. Drugs including corticosteroids, azathioprine, cy-
closporine, and cyclophosphamide can be used.12 Intra-
venous immune globulin and plasmapheresis are also 
widely used in this group of disorders.13,14 Finally, in all 
patients with distal sensory loss due to peripheral neu-
ropathy, regular podiatric care is extremely important in 
preventing the development of serious foot complica-
tions, such as ulcerations.

Rehabilitation
Physical therapy may be recommended to work on 
strength and balance and to improve mobility. In pa-
tients with moderate to severe peripheral neuropathy, 
gait training may consist of balance exercise and use of 
an assistive device, such as a cane or walker. Either a 
physical or occupational therapist can review falls pre-
cautions (e.g., avoiding throw rugs in the home, using a 
chair in the bath or shower). Some patients may benefi t 
from an ankle-foot orthosis. However, in patients with 
compromised sensation, monitoring of the skin to pre-
vent breakdown when a brace is used is critical. Patients 
can be taught to self-monitor their skin with use of a 
long-handled mirror to check the bottom of their feet. 
Custom shoes (e.g., extra depth and width) may be ben-
efi cial, as can custom shoe orthoses.

In patients with more advanced peripheral neuropa-
thy, evaluation by an occupational therapist may help 
maximize the function of the hands and arms. The 
occupational therapist can provide the patient with 
information about adaptive equipment, such as elas-
tic shoelaces, wide grip handles for cookware and 
utensils, and shoehorns. An occupational or physical 
therapist experienced in assistive technology can also 
be helpful in specialized equipment, such as voice-
activated computer software, driving adaptations, and 
environmental control units.

If pain is an issue, both physical and occupational 
therapists can assist with modalities that may alleviate 
the pain. These may include instruction on use of trans-
cutaneous electrical nerve stimulation, paraffi n baths, 
and the like. It is important to caution the patient with 
impaired sensation not to use any heat or ice that may 
cause burns or frostbite. Individuals with impaired vas-
cular status also should be advised not to use ice be-
cause of its vasoconstrictive properties.

Procedures
Patients with peripheral neuropathy are generally at 
increased risk for development of superimposed com-
pressive neuropathies, such as carpal tunnel syndrome. 

TABLE 133-3  Serologic Testing in Peripheral 
Neuropathy

Baseline testing

Vitamin B12

Thyroid-stimulating hormone

Rapid plasma reagin (or VDRL test)

Serum glucose

Serum hemoglobin A1c

Antinuclear antibody

Erythrocyte sedimentation rate

Serum protein electrophoresis

Urine protein electrophoresis

Some additional tests, depending on clinical suspicion

Serum protein immunophoresis

24-hour urine collection for heavy metals

24-hour urine collection for porphyrins

Glucose tolerance testing

Human immunodefi ciency virus infection testing

Anti-Ro, anti-La antibodies (Sjögren syndrome)

Anti-Hu antibody (paraneoplastic neuropathy)

Additional antibody testing in certain demyelinating disorders

 Antimyelin-associated glycoprotein

 Antisulfatide antibody

Genetic testing (for disorders such as familial amyloidosis, 
Charcot-Marie-Tooth disease)
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Treatment with local corticosteroid injections can be 
helpful for this problem (see Chapter 32).

Surgery
Surgery may be necessary for some associated condi-
tions, including severe carpal tunnel syndrome, but it is 
usually more relevant to patients who develop infec-
tions of the distal lower extremities and require amputa-
tions. Other, less severe distal leg problems may also 
develop, requiring orthopedic or podiatric surgery. Al-
though lower extremity nerve release surgeries are some-
times performed in the hope of treating neuropathic 
symptoms,15 a review and position statement by the 
American Academy of Neurology reported that there is 
little evidence to support the use of these procedures to 
treat neuropathy.16

POTENTIAL DISEASE COMPLICATIONS
A number of potential foot complications can occur, 
including persistent, intractable pain, skin ulcerations, 
and foot trauma, possibly leading to amputations. Seri-
ous trauma secondary to increased gait unsteadiness is 
another potential problem. Finally, depression due to 
immobility and persistent pain also often plays a role in 
patients with more advanced peripheral neuropathy.

POTENTIAL TREATMENT 
COMPLICATIONS
The tricyclic antidepressants and other pain medications 
have the potential side effect of drowsiness. Dry mouth, 
constipation, and urinary retention also occur com-
monly with the tricyclic antidepressants. The seizure 
medications, but especially carbamazepine, have the 
potential of causing severe ataxia at higher doses and can 
make individuals feel groggy and inattentive. Rarely, a 
life-threatening idiosyncratic reaction to diphenylhydan-
toin characterized by skin defoliation and necrosis can 
occur (Stevens-Johnson syndrome). With narcotic use, 
addiction remains a concern. Side effects of duloxetine 
include dizziness, nausea, and constipation. Side effects 
of pregabalin include dizziness and somnolence.

Treatment of the autoimmune peripheral neuropathies 
poses signifi cant risk, given the inherent toxicity of the 
medications employed. Patients using immunosuppres-
sive medications are at increased risk for infection, ma-
lignant neoplasia, anemia, and multiple other side ef-
fects (e.g., liver toxicity with azathioprine, renal failure 
with intravenous immune globulin, hemorrhagic cysti-
tis with cyclophosphamide).

Skin breakdown can occur with improper bracing.
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DEFINITION
Brachial plexopathy is the pathologic dysfunction of the 
brachial plexus, a complex peripheral nerve structure in 
the proximal upper extremity. The brachial plexus starts 
just outside the spinal cord in the lower neck and ex-
tends to the axilla. The total average brachial plexus 
length is approximately 6 inches.1 The plexus is divided 
into fi ve sections: roots, trunks, divisions, cords, and 
branches or terminal nerves. The spinal nerves C5 
through T1 classically supply anterior primary rami of 
the nerve roots, which then form the plexus. Variations 
in nerve root supply that involve other nerve roots are 
said to be expanded. When the C4 nerve root also sup-
plies the brachial plexus and T1 contribution is mini-
mal, the plexus is called prefi xed. When the T2 nerve 
root supplies the brachial plexus and C5 contribution is 
minimal, the plexus is said to be postfi xed.2 The nerve 
roots combine to form the trunks behind the clavicle. 
There are three trunks, the upper, middle, and lower. 
The upper is formed from the C5 and C6 nerve roots, 
the middle is a continuation of C7, and the lower is 
formed from C8 and T1. The trunks then divide behind 
the clavicle into anterior and posterior divisions. Just 
inferior to the clavicle, the divisions coalesce into cords. 
The cords travel along the axillary artery, just inferior to 
the clavicle, and are named for their spatial relationship 

to the artery. The posterior cord is formed from the 
union of the three posterior divisions. The lateral cord 
is formed by the union of the anterior divisions of the 
upper and middle trunks. The medial cord is the con-
tinuation of the anterior division of the lower trunk. 
Nerve branches are the most distal elements of the bra-
chial plexus and are the major nerves of the upper 
extremity. These branches begin in the distal axilla and 
other than the median nerve, which is formed by contri-
butions from the medial and lateral cords, are continu-
ations of the cords. There are also numerous peripheral 
nerves that arise directly from the roots, trunks, and 
cords (Fig. 134-1).

Brachial plexopathy can be due to wide-ranging causes, 
including idiopathic, autoimmune, traumatic, neoplas-
tic, and hereditary. It can occur in any age group; but 
other than when it is secondary to obstetric trauma, it 
usually occurs from the ages of 30 to 70 years. Men are 
affected two to three times as often as women are, which 
is thought to be related to their more frequent participa-
tion in vigorous athletic activities that can lead to trauma. 
About half of the cases have no identifi ed precipitating 
event; in others, brachial plexopathy follows an anteced-
ent infection, trauma, surgery, or immunization.

SYMPTOMS
The brachial plexus is made up of motor and sensory 
peripheral nerve fi bers that supply the entire upper ex-
tremity. Brachial plexopathy can result in symptoms of 
pain, weakness, and numbness, both at the level of the 
brachial plexus and distally in the supplied upper ex-
tremity. The area of pain and other symptoms correlates 
with the portion of the brachial plexus involved and the 
specifi c nerve elements from that area. Depending on 
the cause of the plexopathy, symptom onset can range 
from sudden to insidious. Because of the complex 
muscle suspension of the shoulder joint, chronic bra-
chial plexopathy may result in glenohumeral sublux-
ation and instability due to stretching of the shoulder 
capsule. Brachial plexopathy usually does not cause 
prominent neck pain. Some brachial plexopathies may 
occur bilaterally and therefore cause symptoms in both 
upper extremities.

134Plexopathy—Brachial
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Synonyms
Brachial plexopathy
Neuralgic amyotrophy
Parsonage-Turner syndrome
Brachial amyotrophy
Idiopathic shoulder girdle neuropathy
Brachial plexitis
Erb palsy
Klumpke palsy

ICD-9 Codes
353.0 Brachial plexus lesions
353.5 Neuralgic amyotrophy
723.4 Brachial neuritis or radiculitis NOS
767.6 Birth trauma
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Ch134_773-778-X4007.indd 773Ch134_773-778-X4007.indd   773 3/18/08 4:26:54 PM3/18/08   4:26:54 PM



774 R E H A B I L I T A T I O N

PHYSICAL EXAMINATION
The physical examination for brachial plexopathy must be 
thorough because of the complexity of its structure and 
function. The shoulder girdle and entire extremity need to 
be exposed during examination to allow close inspection 
of muscle bulk and fasciculations. Assessment of atrophy 
of muscles is often assisted by side-to-side comparisons. 
Muscle strength examination needs to be thorough and to 
include proximal muscles not commonly tested, such as 
infraspinatus, supraspinatus, rhomboids, and serratus an-
terior. Sensory testing also must be thorough, with both 
dermatomal and peripheral nerve sensory distributions 
examined. A musculoskeletal examination of the shoul-
der joint is helpful; joint disease can be both a possible 
primary cause of pain and a secondary effect of plexopa-
thy. Shoulder range of motion and signs of tendinosis as 
well as refl exes and any muscle atrophy need to be 

assessed. The lack of pain exacerbation with neck move-
ment can help distinguish brachial plexopathy from cervi-
cal radiculopathy.3 It is often not possible to determine 
the exact location of a brachial plexus lesion from physi-
cal examination, but the examination is usually helpful in 
focusing electrodiagnostic and radiologic testing.

FUNCTIONAL LIMITATIONS
Depending on whether the brachial plexopathy involves 
the upper plexus, lower plexus, or entire plexus, the 
proximal shoulder muscles, the distal muscles involved 
in fi ne fi nger movements, or the entire extremity can be 
weak or numb. Activities of daily living, such as dress-
ing, feeding, and grooming, can be signifi cantly af-
fected. These impairments can result in disabilities in 
many activities, including computer use, writing, and 
driving. Brachial plexopathy secondary to birth trauma 

FIGURE 134-1. The brachial plexus. The clinician must be able to visualize this structure in performing electrodiagnostic examination so that an appro-
priate number of muscles and nerves are sampled to localize a lesion. (Reprinted with permission from Dumitru D, Amato A, Zwarts M. Electrodiagnostic 
Medicine, 2nd ed. Philadelphia, Hanley & Belfus, 2002.)
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may subsequently cause diffi culty for children and teens 
with sports and other recreational activity.

DIAGNOSTIC STUDIES
Electromyography (EMG) can be helpful in localizing the 
pathologic area in brachial plexopathy as well as in deter-
mining the severity of axonal injury and the potential for 
recovery. However, many brachial plexopathies cannot be 
defi nitely localized by EMG because of subtle fi ndings 
encountered with incomplete nerve injury and the com-
plexity of plexus-related innervation. The nerve conduc-
tion and needle EMG assessment is best directed by both 
symptoms and physical examination fi ndings. Both nerve 
conduction studies and needle EMG are required for com-
plete assessment. Sensory nerve conduction studies can 
help in localization by the pattern of abnormalities seen 
and in judging injury severity based on reductions of am-
plitudes or absence of potentials. The nerve conduction 
study may not detect abnormality if the lesion is mild in 
severity or too recent to allow axonal degeneration.

The following fi ve basic sensory nerve conduction studies 
are suggested as a screen for brachial plexus evaluation: 
lateral antebrachial cutaneous, median recording from 
the thumb, median recording from the index fi nger, su-
perfi cial radial, and ulnar recording from the little fi nger.2
The presence of fi brillation potentials in EMG is particu-
larly sensitive for motor axon loss and helps localize the 
site of lesions. The choice of muscles sampled on EMG is 
usually focused on the area of interest, but other areas are 
also included for the exclusion of wider disease. It is im-
portant to include paraspinal muscles of the relevant ar-
eas to investigate the possibility of radiculopathy (para-
spinals are supplied by the posterior primary rami of the 
nerve roots, which do not supply the brachial plexus). 
EMG evaluation of the brachial plexus is complex and 
best performed by experienced electromyographers.

Radiologic studies of the plexus are helpful to evaluate 
the severity of trauma, the presence of mass lesions, and 
infl ammation of the brachial plexus nerve elements.4
Magnetic resonance imaging (MRI) has become the 
study of choice in evaluation of traumatic brachial plexus 
injuries.5 More than 80% of traumatic nerve root avul-
sions will show pseudomeningoceles, which are tears in 
the meningeal sheath surrounding the nerve roots that 
allow extravasation of cerebrospinal fl uid into nearby tis-
sues. They appear bright on T2-weighted images.

MRI is also the most useful study for evaluation of other 
causes of brachial plexopathy. It is the most effective 
method of evaluating brachial plexus tumors, both sec-
ondary and primary.6 An early MRI sign in Pancoast 
tumor is obliteration of the interscalene fat pad, which 
is best visualized on coronal T1-weighted MRI.7 Infl am-
matory changes in the brachial plexus may be visualized 
with MRI, including brachial neuralgic amyotrophy.8

Chest radiographs are valuable for the evaluation of 
diaphragmatic paralysis in traumatic brachial plexopa-
thy, which usually indicates an irreparable lesion of the 
brachial plexus.9

Differential Diagnosis

It is helpful to approach the differential diagnosis of 
brachial plexopathy by the common causes in the 
different anatomic regions where the brachial plexus is 
affected. The anatomic areas of interest are the supra-
clavicular, retroclavicular, and infraclavicular. There are 
also causes of brachial plexopathy that tend to produce 
more diffuse plexus injury.

Supraclavicular

Trauma usually involves the upper plexus and is espe-
cially seen with closed traction, as in “burner” sports 
injuries (sudden separation of the shoulder and head 
due to contact) and pressure from backpack straps. 
The roots can be stretched but remain continuous, 
tear, or avulse from the spinal cord.

Postoperative brachial plexopathy is secondary to arm 
positioning during surgery.10

Birth trauma is due to excessive lateral deviation of the 
head and neck to free the infant’s shoulder, during 
both vaginal delivery and cesarean section. It is called 
Erb palsy when the C5-6 nerve roots are affected, re-
sulting primarily in proximal arm weakness. When the 
C8-T1 roots are affected, the results are hand weakness, 
called Klumpke paralysis.

Neurogenic thoracic outlet syndrome is a rare condi-
tion in which a fi brous band extends from the lower 
cervical spine (cervical rib or transverse process) to the 
fi rst rib. The T1 fi bers are defl ected and injured further 
by this fi brous band more than the C8 fi bers.

Pancoast syndrome is direct extension of an apical 
lung tumor (usually small cell carcinoma) into the 
supraclavicular brachial plexus, often presenting with 
shoulder pain.11

Infraclavicular

Postirradiation injury follows radiation therapy directed 
at the axillary lymph nodes; it can occur months to 
years after radiation therapy. EMG studies may reveal 
evidence of conduction block and myokymia.

Secondary neoplastic injury is usually due to compres-
sion from enlargement of involved axillary lymph nodes.

In midclavicular fractures, brachial plexopathy can be 
secondary to the initial trauma and also result from 
the development of heterotopic ossifi cation.12

Procedural—infraclavicular brachial plexus injury has 
been identifi ed as a complication of axillary regional 
blocks.13

Retroclavicular

Retroclavicular brachial plexopathy is rare. It usually 
occurs in the context of widespread plexopathy.

Continued
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TREATMENT
Initial
The treatment of brachial plexopathy needs to be cus-
tomized to the individual patient and the cause of the 
brachial plexopathy. Pain can be the most disabling 
symptom but is usually effectively treated with neuro-
pathic pain medications, such as gabapentin and tricy-
clic antidepressants, and analgesics, such as tramadol 
and opiates in cases of severe pain. Dosing is usually at 
the higher end of accepted ranges (such as gabapentin 
at 600 mg three times daily or more) secondary to the 
pain severity of acute plexopathy, although duration of 
therapy may be brief. Levetiracetam has been used suc-
cessfully to reduce refractory brachial plexopathy pain 
and to decrease opioid need.18

Rehabilitation
When the muscles of the shoulder girdle are involved, 
therapy focused on positioning and shoulder range of 
motion can prevent secondary complications, such as 
adhesive capsulitis. Directed exercise can be benefi cial, 
with the caveat that exercise of muscles with neurogenic 
weakness from brachial plexus lesions to full exhaus-
tion may be counterproductive on the basis of fi ndings 
in exercise in patients with peripheral neuropathy.19

Occupational therapy is often indicated when weakness 
from brachial plexopathy results in loss of function. 
Adaptive aids can be very helpful when they are indi-
cated, such as a shoulder sling to help reduce imbalance 
from proximal arm weakness from brachial plexopathy. 
Vocational rehabilitation may be indicated when the 
resultant disability from weakness affects the patient’s 
ability to perform in the job setting.

Procedures
Brachial plexus blocks are rarely used but are possible 
for the treatment of severe pain from metastatic brachial 
plexopathy or severe acute brachial plexopathy.

Surgery
Surgery is an option in cases of traumatic plexopathy 
but has variable results. Surgical techniques such as 
nerve grafting, free muscle transfer, neurolysis, and neu-
rotization are used. Surgeons who use these techniques 
frequently differ considerably in their approach to them, 
making conclusions about their effi cacy diffi cult. Sur-
gery is an option in brachial plexus birth injuries, usu-
ally when persistent severe motor defi cits are present 
after 3 to 8 months of age. A case series found improve-
ment in surgically treated patients on a shoulder mo-
tion scale.20 The location of injury affects selection of 
patients for surgery and surgical outcome. For example, 
postganglionic nerve root avulsion injuries may do bet-
ter with earlier surgery.21 Preganglionic avulsions are 
diffi cult to repair, but direct implantation into the spi-
nal cord may help some patients.22

POTENTIAL DISEASE COMPLICATIONS
Weakness from brachial plexopathy can result in joint 
instability or in joint and musculotendinous contrac-
tures of upper extremity joints. Complex regional pain 
syndrome may follow brachial plexopathy.23 Secondary 
depression can be due to pain and loss of function. In-
sensate limbs are at risk for trauma neglect, infection, 
and amputation.

POTENTIAL TREATMENT 
COMPLICATIONS
Stretching and range of motion exercises for avoidance 
or treatment of contractures can acutely exacerbate 
neuropathic pain. Care to avoid shoulder impingement 

Diffuse localization

Neuralgic amyotrophy is a well-described syndrome of 
idiopathic monophasic brachial plexopathy that is also 
called Parsonage-Turner syndrome, brachial amyotro-
phy, idiopathic shoulder girdle neuropathy,14 and bra-
chial plexitis. Neuralgic amyotrophy was well charac-
terized by a large case series.15 The initial symptom of 
neuralgic amyotrophy is onset during a few hours of 
severe continuous proximal upper extremity pain, 
which occurred in 90% of patients in this case series. 
After onset of pain, weakness of the extremity usually 
develops within 2 weeks. Whereas sensory symptoms 
in the affected extremity are usually less pronounced 
than pain and weakness, they occur in 70% of patients. 
Pain decreases fi rst, with an average pain duration of 
28 days. Motor recovery begins within 6 months in 
most patients and with signifi cant functional improve-
ment; but in this case series, more than 70% of patients 
still had at least mild weakness detected on thorough 
strength examination at 3 years after weakness onset. 
Neuralgic amyotrophy can involve any part of the bra-
chial plexus but tends to affect the upper plexus; 49% 
of patients have shoulder–proximal arm involvement. 
A similar condition with a genetic etiology is heredi-
tary neuralgic amyotrophy, which is often autosomal 
dominant but is genetically heterogeneous.

Primary neoplastic peripheral nerve tumors can 
cause brachial plexopathies that occur anywhere in 
the brachial plexus but are rare and usually benign. 
Benign tumors are usually nerve sheath tumors, 
either schwannomas or neurofi bromas (associated 
with neurofi bromatosis type 1), and cause painless 
sensory loss and weakness.2 In contrast, malignant 
peripheral nerve tumors in the brachial plexus are 
usually painful.16,17

Differential Diagnosis—cont’d 
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during range of motion exercises is important due to 
weak rotator cuff muscles. Insensate limbs become 
more susceptible to heat injuries, such as by hot packs 
or therapeutic ultrasound. Medicines used for brachial 
plexopathy pain can have side effects, which are specifi c 
to the particular medicine used. Surgery for brachial 
plexopathy may result in nerve or vascular injury.

 10. Wilbourn AJ. Iatrogenic nerve injuries. Neurol Clin 1998;16:55-82.
 11. Huehnergarth KV, Lipsky BA. Superior pulmonary sulcus tumor 

with Pancoast syndrome. Mayo Clin Proc 2004;79:1268.
12. England JD, Tiel RL. AAEM case report 33: costoclavicular mass 
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DEFINITION
Lumbosacral plexopathy is an injury to or involvement of 
one or more nerves that combine to form or branch from 
the lumbosacral plexus. This involvement is distal to the 
root level. The lumbar plexus originates from the fi rst, 
second, third, and fourth lumbar nerves (Fig. 135-1). The 
fourth lumbar nerve makes a contribution to both the 
lumbar and the sacral plexus. There is typically a small 
communication from the twelfth thoracic nerve as well. 
As in the brachial plexus, these nerve roots divide into the 
dorsal rami and the ventral rami as they exit through the 
intervertebral foramina. The dorsal or posterior rami in-
nervate the paraspinal muscles and supply nearby cutane-
ous sensation. The ventral or anterior rami for the lumbar 
plexus form the motor and sensory nerves to the anterior 
and medial sides of the thigh and the sensation on the 
medial aspect of the leg and foot. The undivided anterior 
primary rami of the lumbar and sacral nerves also carry 
postganglionic sympathetic fi bers that are mainly respon-
sible for vasoregulation of the lower extremities. The 
branches of the lumbar plexus include the iliohypogas-
tric, ilioinguinal, genitofemoral, femoral, lateral femoral 
cutaneous, and obturator nerves.1 The lumbar portion of 
the plexus lies just anterior to the psoas muscle.2

The sacral plexus innervates the muscles of the buttocks, 
posterior thigh, and leg below the knee and the skin of 
the posterior thigh and leg, lateral leg, foot, and 
perineum. It is formed from the lumbosacral trunk to 
include L5 and a portion of L4 as well as the S1 to S3 
(or S4) nerve roots (Fig. 135-2). The anterior primary 
rami of S2 and S3 nerve roots carry parasympathetic fi -
bers that mainly control the urinary bladder and anal 
sphincters. The triangular sacral plexus lies on the ante-
rior surface of the sacrum, in the immediate vicinity of 
the sacroiliac joint and lateral to the cervix or prostate.1
The branches of the sacral plexus include the superior 
and inferior gluteal nerves, the posterior cutaneous 
nerves of the thigh, the lumbosacral trunk that becomes 
the sciatic nerve with both tibial and peroneal divisions, 
and the pudendal nerve.

Etiology
Lumbosacral plexopathy has been recognized as a 
clinical entity or complication in a variety of surgical 
procedures, trauma, and obstetric surgery or delivery 
and as a clinical fi nding or sequela in treatment of pel-
vic tumors.

Pelvic fractures or pelvic ring fractures have a high inci-
dence in traumatic injuries.3 Sacral fractures have typi-
cally been considered of secondary importance in con-
junction with pelvic trauma.4 However, sacral fractures 
have become recognized as an essential consideration 
in pelvic trauma because of their high association with 
lumbosacral nerve defi cits. This can have a profound 
infl uence on prognosis and level of functional recov-
ery.3,5 The more common sacral fractures are typically 
the compression or avulsion fractures of the sacral ala, 
which can occur in lateral compression and anterior-
posterior compression pelvic fractures.6 Fractures of the 
sacral neuroforamina or midline sacral fractures may 
also occur. Fractures of the sacrum can increase the inci-
dence of neurologic injury in pelvic trauma to between 
34% and 50% because of its proximity to the sacral 
nerve roots.6 The highest incidence of neurologic injury 
has been reported in transverse fractures. Compression, 
avulsion, and traction injuries of the lumbosacral nerves 
or plexus may play some role in the pathophysiologic 

Synonyms
Lumbosacral plexitis
Neuralgic amyotrophy of the lumbosacral plexus
Lumbosacral plexus neuropathy
Lumbosacral radiculoplexus neuropathy
Diabetic amyotrophy

ICD-9 Codes
353.1 Lumbosacral plexus lesions
353.8 Other nerve root and plexus disorders
353.9 Unspecifi ed nerve root and plexus disorder
907.3  Late effects of injury to nerve root, spinal plexus, and 

other nerve of trunk
953.5 Injury to lumbosacral plexus
953.8 Injury to multiple sites of nerve roots and spinal plexus
953.9 Injury to nerve root and spinal plexus, unspecifi ed site
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process. It has been noted that midline sacral sagittal 
fractures have a signifi cantly lower incidence of neuro-
logic defi cits, possibly because this type of fracture may 
protect the lumbosacral roots and plexuses from shear 
forces and compression.6 Bowel and bladder injuries 
tend to occur in cases in which there is bilateral sacral 
root involvement. Sexual dysfunction has been docu-
mented in both bilateral and unilateral sacral injuries 
and pelvic trauma. Lumbosacral injuries are much more 
common in pelvic and sacral fractures but have been 
documented in acetabular fractures and midshaft femo-
ral fractures as well.3

Gynecologic surgery is thought to be one of the most 
common causes of femoral nerve injury and lumbosa-
cral plexus nerve injuries. Abdominal hysterectomy is 
the surgical procedure that has been most frequently 
implicated.7,8 The second most common neuropathy 
documented after major gynecologic surgery is ilioin-
guinal or iliohypogastric nerve involvement. This has 
been noted especially with low transverse incisions.9
The mechanisms of neurologic injury that have been 
established include improper placement or positioning 
of self-retaining or fi xed retractors, incorrect positioning 
of the patient in lithotomy position preoperatively or 
prolonged lithotomy positioning without reposition-
ing, and radical surgical dissection resulting in auto-
nomic nerve disruption.9 Lumbosacral injury has also 

been noted after appendectomy and inguinal hernior-
rhaphy. Patients who are thin, diabetic, or elderly are at 
increased risk for such an injury. Injury to the lumbosa-
cral plexus with clinical fi ndings occurs in up to 10% of 
hip replacement procedures, and injury that is subclini-
cal but detected electromyographically occurred in up 
to 70% of patients.10 Groin pain in the ilioinguinal re-
gion is frequent after herniorrhaphy. A review of 30 
patients showed that subclinical motor involvement of 
the genitofemoral nerve is common after inguinal her-
niorrhaphy and can be documented by electrophysio-
logic testing.11 Lateral femoral cutaneous nerve lesions 
have also been noted as a complication of pelvic surgery 
after an ilioinguinal approach.12

Trauma is a common cause of retroperitoneal hemor-
rhage, which can injure the lumbosacral plexus. In indi-
viduals receiving anticoagulant therapy or with acquired 
or congenital coagulopathies, hemorrhage may occur 
with no precipitating injury.13,14 Retroperitoneal hema-
toma has also been documented as a rare but potentially 
serious complication after cardiac catheterization.15,16 In 
a review of 9585 femoral artery catheterizations, a re-
ported retroperitoneal hematoma rate of 0.5% occurred. 
In patients undergoing stent placement, there was evi-
dence of lumbar plexopathy involving the femoral, 
obturator, and lateral femoral cutaneous nerves, and 
the condition was typically completely reversible.17,18 A 

Plexus roots
From anterior

primary divisions

T12

L1

*

*

L2

L3

L4

L5

Lumbosacral trunk
(to sacral plexus)Obturator nerve

(L2, L3, L4)

Femoral nerve (L2, L3, L4)

Lateral femoral
cutaneous nerve

(L2, L3)

Genitofemoral nerve (L1, L2)

Iliohypogastric nerve (T12, L1)

Ilioinguinal nerve (L1)

Lumboinguinal branch

Hypogastric branch

Iliac branch

External spermatic branch

*Branches to intertransversarii
and quadratus lumborum
muscles

To psoas muscles

Branches
Divisions

(Posterior shaded)Terminal branches

(Inconstant)

*

*

FIGURE 135-1. The lumbar plexus and its peripheral terminal branches. The shaded portions represent the posterior divisions of the ventral primary 
rami; those not shaded are either the ventral primary rami or their anterior branches. In this diagram, the nerve to the psoas major arises from the 
femoral nerve, as opposed to directly from the spinal nerve region. (Reprinted with permission from de Groot J, Chusid JG. Correlative Neuroanatomy, 
21st ed. Norwalk, Conn, Appleton & Lange, 1991.)
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delay in recognition of this complication may lead to 
delayed treatment and may have a signifi cant effect on 
recovery. Femoral vein catheterization for dialysis has 
also been documented as a cause of hemorrhagic com-
plications and retroperitoneal hemorrhage.19

The lumbosacral plexus may be compressed as a com-
plication of labor and delivery. The incidence of neuro-
logic injury that is reported in the literature for postpar-
tum sensory and motor dysfunction is relatively low at 
0.008% to 0.5%.20,21 In 6000 women evaluated for pro-
spective symptoms of neurologic injury in the lumbosa-
cral spine or lower extremity the day after delivery, an 
incidence of 0.92% was reported. Factors associated 
with nerve injury were nulliparity and a prolonged sec-
ond stage of labor; assisted vacuum or forceps vaginal 
delivery also had some positive association.21 Women 
with nerve injury spent more time pushing in the semi-
Fowler lithotomy position. Lateral femoral cutaneous 
neuropathies were the most common neurologic fi nd-
ing, followed by femoral neuropathy. Radiculopathies 
at L4, L5, or S1 were also noted.22 During the second 
stage of labor, direct pressure of the fetal head may com-

press the lumbosacral plexus against the pelvic rim, 
which may result in nerve injury.22,23 Footdrop during 
the third trimester of pregnancy or during labor has 
been documented in the literature as well.24

Both pelvic malignant neoplasms and treatment of pel-
vic tumors can damage the lumbosacral plexus. Lumbo-
sacral radiculopathy is most common with gynecologic 
tumors, sarcomas, and lymphomas. Neoplastic plexop-
athy is characterized by severe and unrelenting pain, 
typically followed by weakness and sensory distur-
bances.25 Pelvic radiation therapy may cause a delayed 
lumbosacral plexopathy that can occur 3 months to 
22 years after completion of treatment; the median 
amount of time from the completion of treatment to 
onset of symptoms is about 5 years.26-28 Chemothera-
peutic agents can also cause symptoms of lumbosacral 
radiculopathy. Cisplatin, 5-fl uorouracil, mitomycin C, 
and bleomycin have been implicated in the majority of 
these plexopathies.2

Metastatic or tumor extension into the lumbosacral plexus 
and malignant psoas syndrome have been described in 
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FIGURE 135-2. Schematic representation of the sacral plexus. The shaded portions signify the posterior divisions of the ventral primary rami; the 
unshaded aspects are the anterior branches of the ventral primary rami. (Reprinted with permission from de Groot J, Chausid JG. Correlative Neuro-
anatomy, 21st ed. Norwalk, Conn, Appleton & Lange, 1991.)

Ch135_779-786-X4007.indd 781Ch135_779-786-X4007.indd   781 3/17/08 5:52:18 PM3/17/08   5:52:18 PM



782 R E H A B I L I T A T I O N

the literature. Malignant psoas syndrome was fi rst re-
ported in 1990. It is characterized by proximal lumbosa-
cral plexopathy, painful fi xed fl exion of the ipsilateral hip, 
and radiologic or pathologic evidence of ipsilateral psoas 
major muscle malignant involvement.2

Diabetic and nondiabetic lumbosacral radiculoplexus 
neuropathies have been documented in the literature. 
Diabetic lumbosacral radiculoplexus neuropathy is a sub-
acute, painful asymmetric lower limb neuropathy that is 
associated with signifi cant weight loss (at least 10 pounds), 
type 2 diabetes mellitus, and relatively recent diagnosis of 
diabetes with relatively good glucose control.29 The un-
derlying pathophysiologic mechanism is thought to be 
immune mediated with microvasculitis of the nerve rather 
than a metabolic issue caused by diabetes; nondiabetic 
lumbosacral radiculoplexus neuropathy has also been 
documented with similar clinical and pathophysiologic 
features.29-33 The similar clinical symptoms, fi ndings, and 
response to treatment suggest that the metabolic changes 
from diabetes may not be the cause of these symptoms, 
although impaired glucose tolerance has been noted in 
nondiabetic lumbosacral radiculoplexus neuropathy.31

The disease typically starts as an identifi able onset of 
asymmetric lower extremity symptoms that most typi-
cally involve the thigh and hip with pain that progresses 
to include weakness, which then becomes the main 
disabling symptom. In a few months, this usually 
evolves into bilateral symmetric weakness and pain 
with distal as well as proximal involvement. Whereas 
motor fi ndings are prominent, sensory and autonomic 
nerves have also been shown to be involved.29

Gunshot wounds and motor vehicle accidents have long 
been recognized as a potential cause of lumbosacral 
plexus injuries. Electrodiagnostic studies have docu-
mented neurapraxia, axonotmesis, and neurotmesis as 
types of nerve injuries identifi ed after gunshot wounds 
or motor vehicle accident.34 In a retrospective compari-
son of patterns of lumbosacral plexus injury in motor 
vehicle crashes and gunshot wounds, individuals with 
gunshot wounds had a greater chance of involvement of 
the upper portion of the plexus in comparison to indi-
viduals who sustained a motor vehicle crash. Lower 
plexus injuries were more common in victims of motor 
vehicle accidents as opposed to gunshot wounds.35

Vascular causes of lumbosacral plexopathies may in-
clude diabetic amyotrophy and connective tissue dis-
eases that may be associated with vasculitis, such as 
systemic lupus erythematosus, rheumatoid arthritis, and 
polyarteritis nodosa.36 If a vascular cause is suspected, 
the aorta and iliac vessels must be evaluated for disease 
or occlusion.37-39 The lumbosacral plexus receives its 
vascular supply from the aorta and the common iliac 
vessels, which then branch into the femoral artery.

SYMPTOMS
Plexopathies may vary considerably in their presenta-
tion, depending on the location and degree of involve-
ment. A plexopathy involving the upper roots may pri-

marily be manifested by femoral and obturator nerve 
symptoms. Femoral nerve injury typically is manifested 
with iliopsoas or quadriceps weakness, and there may 
be sensory defi cits over the anterior and medial thigh as 
well as the anterior medial aspect of the leg.7 Obturator 
injury has also been seen in upper plexus injuries with 
weakness of the hip adductors21 and sensory changes in 
the upper medial thigh. Sensory changes are often seen 
in upper plexus injuries. Lateral femoral cutaneous neu-
ropathy usually involves loss of sensation or dysesthe-
sias to the anterolateral thigh. The genitofemoral nerve 
is a direct branch of the upper lumbar plexus (L1, L2) 
and may be involved with removal of large pelvic 
masses or lymph node biopsy7; sensory changes are 
relatively limited, with decreased sensation or paresthe-
sias in the mons and labia majora. Abdominal wall 
surgical sites below the level of the anterior superior il-
iac spine may have the potential for ilioinguinal or ilio-
hypogastric nerve involvement. Damage to these sen-
sory nerves may have burning pain in the lower 
abdomen, upper medial thigh, or pelvic area and al-
tered sensation in the inguinal area.9 Clinical fi ndings 
suggestive of this include hip fl exion and forward fl ex-
ion of the trunk and increased pain with coughing or 
sneezing. Local nerve block usually alleviates the pain. 
It is thought that the incidence of iliohypogastric and 
ilioinguinal injuries is underestimated in the literature 
because of the lack of recognition and reporting by phy-
sicians and patients.9

Lumbosacral plexopathy often begins with leg pain ra-
diating to the low back and buttocks and progressing 
posterolaterally down the leg, soon followed by symp-
toms of numbness and weakness. Lumbosacral plexus 
injuries are often associated with a footdrop and sen-
sory changes to the top of the foot. Symptoms of incon-
tinence or sexual dysfunction are more likely to be seen 
with bilateral plexus involvement.5,25

PHYSICAL EXAMINATION
Clinical examination to evaluate for a lumbosacral 
plexopathy involves neurologic assessment to include 
motor strength testing, sensory testing, muscle stretch 
refl exes, tone, and bowel and bladder function. The pat-
tern of sensory loss, asymmetric refl exes, or weakness is 
suggestive of multiple nerve or root level involvement. 
It is often important to differentiate this from single 
root level involvement, suggesting a radiculopathy or 
more generalized nerve changes consistent with periph-
eral neuropathy. Edema or swelling in one lower ex-
tremity may be suggestive of a pelvic mass or lumbosa-
cral plexus involvement rather than a more global 
peripheral neuropathy38 or possible retroperitoneal he-
matoma or pelvic malignant neoplasm.2

The lumbosacral plexus is more commonly evaluated 
in routine clinical practice, and it is important to look 
for a pattern of sensory loss or weakness involving 
more than one nerve root level. Footdrop or dorsifl ex-
ion weakness may be a sign of peroneal neuropathy, L5 
radiculopathy, or lumbosacral plexus involvement. 
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Plantar fl exion weakness is suggestive of tibial nerve or 
S1 level involvement. The Achilles tendon refl ex may be 
diminished or absent. An upper lumbar plexopathy 
involving L3 or L4 is manifested by weakness of the hip 
fl exors and knee extensors. Patellar tendon refl ex may 
be diminished or absent.

FUNCTIONAL LIMITATIONS
Functional limitations depend on which portions of the 
lumbar or lumbosacral plexus have been injured and 
the severity of the injury. Patients frequently present 
with some type of diffi culty with mobility and ambula-
tion. Activities such as transferring from one surface 
to another, rising from a chair, ambulation, grooming, 
bathing, dressing, and cooking may potentially be 
affected. These functional limitations may have far-
reaching consequences on one’s ability to live indepen-
dently and to continue in one’s chosen vocation.

DIAGNOSTIC STUDIES
Electrodiagnostic Testing
The electrodiagnostic evaluation of lumbosacral plex-
opathy is one of the most effective tools available for 
differentiation of a specifi c pattern and severity of 
nerve involvement. Guided by a focused history and 
physical examination, the skilled electromyographer 
can use testing of both proximal and distal sensory 
and motor nerves as well as muscle needle examina-
tion to determine whether there is radicular involve-
ment, lumbar or lumbosacral plexus involvement 
with multiple nerves involved but no paraspinal in-
volvement, or a more generalized picture consistent 
with a peripheral neuropathy.

Testing for upper lumbar plexopathy may include lateral 
femoral cutaneous nerve, saphenous nerve, posterior 
femoral cutaneous sensory nerve, and femoral motor 
nerve studies. Side-to-side comparison is recommended 
to assess for asymmetry in these technically challenging 
studies. Sensory involvement without motor involve-
ment suggests a lesion distal to the dorsal root ganglion. 
Studies to evaluate the lumbosacral plexus and lumbo-
sacral roots include sural and superfi cial peroneal sen-
sory studies, H refl ex, and peroneal and tibial motor 
conduction studies. Depending on the timing of the 
injury, nerve conduction studies can demonstrate a de-
crease in amplitude for the sensory nerve action poten-
tials starting at 5 to 6 days and for compound muscle 
action potentials starting at 2 to 4 days.35

The needle electromyographic examination is likely to 
be the most useful electrodiagnostic technique.35 Careful 
examination of proximal and distal musculature dem-
onstrates a pattern of muscle membrane instability in 
more than one peripheral nerve from different root lev-
els without involvement of the paraspinal muscles. The 
pattern of muscle membrane instability indicates 
whether the injury appears to be a neurapraxia with 
conduction block, axonotmesis, or neurotmesis with 

wallerian degeneration and poor prognosis for reinner-
vation. Increased insertional activity may be seen on rest 
activity in the involved musculature after 7 to 8 days, 
with positive waves and fi brillations starting at 10 to 30 
days but being most prominent at 21 to 30 days after 
injury.35 Decreased recruitment is noted immediately 
after injury, and this may be the only change on needle 
electromyographic examination in the fi rst few days if 
the nerve is partially intact.

Imaging Studies
Computed tomography can be useful in determining 
the presence of a structural mass in the pelvic region. 
Computed tomographic scans, along with abdominal 
ultrasonography, may be used to diagnose a retroperito-
neal hemorrhage. Both computed tomographic scan-
ning and magnetic resonance imaging have been used 
to evaluate the lumbosacral plexus. Magnetic resonance 
imaging has been found to be more sensitive than com-
puted tomography for diagnosis of cancer-related lum-
bosacral plexopathy.40 High-resolution magnetic reso-
nance neurography with T1-weighted fast spin echo and 
fat-saturated T2-weighted fast spin echo has been used 
to study the lumbosacral plexus and the sciatic nerve.41

Plain radiographs are useful as a screening tool for sus-
pected aneurysms or malignant disease.

Differential Diagnosis

Spinal cord injury

Cauda equina injury

Lumbosacral nerve root injury

Multiple peripheral nerve injuries

Anterior horn cell diseases

Myopathies

Occlusion of the aorta

TREATMENT
Initial
Initial treatment is based on both the presenting 
symptoms and the cause of the lumbosacral plexopa-
thy. For example, many obstetric lumbosacral plexus 
symptoms are treated conservatively. Pelvic masses or 
a retroperitoneal hemorrhage may require surgical or 
medical intervention. Neoplastic or radiation-based 
plexopathy symptoms may need specifi c medical man-
agement, chemotherapy, or possibly surgery. If edema 
control is necessary, leg elevation and compressive 
stockings may be of some benefi t. Medication for neu-
ropathic pain might include gabapentin, duloxetine, 
or pregabalin. Tricyclic antidepressants may also be 
helpful. Opioids and nonsteroidal anti-infl ammatory 
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drugs may also provide pain relief. Use of nonsteroidal 
anti-infl ammatory drugs is contraindicated, however, 
when hemorrhage is suspected. Controlled trials with 
immune modulation therapies are currently being 
evaluated for both diabetic and nondiabetic lumbosa-
cral radiculoplexus neuropathies.29,33 It is not clear at 
this time whether immunotherapy is of benefi t in dia-
betic lumbosacral radiculoplexus neuropathy.

Rehabilitation
Rehabilitation aims to maximize mobility and func-
tional independence. The goals of rehabilitation are 
preservation of joint range of motion and fl exibility, 
joint protection, and pain management; these goals 
depend on a good physical examination to determine 
what neurologic and functional defi cits are present.

One of the primary rehabilitation concerns in an indi-
vidual with nerve involvement in the lumbar or lumbo-
sacral plexus is safe mobility and ambulation. The pa-
tient should be evaluated for the need for an assistive 
device, such as a cane or a walker, with ambulation. 
Energy conservation techniques and care of insensate 
feet are key treatment tools. Symptoms of lumbosacral 
plexopathy may be subtle and may be diffi cult to ap-
preciate in a clinical setting. Physicians need to address 
potentially sensitive issues such as work limitations, 
sexual functioning, and sensory changes in the pelvic 
and inguinal areas.

Procedures
Sympathetic nerve blocks and chemodenervation have 
both been used to ameliorate pain. This can be both 
diagnostic and treatment oriented in helping to confi rm 
the suspected diagnosis. Sacral nerve stimulation has 
been evaluated for adjunctive treatment of lumbosacral 
plexopathy, but further research is required for its effec-
tiveness to be determined.13

Surgery
Lumbosacral plexus injuries associated with pelvic or 
sacral fractures or with gynecologic surgery are often 
treated conservatively,7 although it has been docu-
mented that long-term sequelae can occur. Nerve re-
construction including nerve grafting has been reported 
in an attempt to restore some lower extremity func-
tion.42 Microsurgical treatment of lumbosacral plexop-
athies for neurolysis and nerve grafting has been used 
in the retroperitoneal space. In a series of 15 cases, the 
muscles that benefi ted the most from surgery were the 
gluteal and femoral innervated muscles. The more dis-
tal musculature did not seem to show much benefi t.43

Whereas motor improvement is an important consider-
ation, pain is often extremely debilitating in patients 
with a lumbosacral plexopathy and may block or limit 
rehabilitation. Pain relief is one of the major goals for 
surgical intervention. Surgical resection of a tumor may 
also be indicated in certain cases with lumbosacral 
plexopathy.25

POTENTIAL DISEASE COMPLICATIONS
Potential complications of lumbosacral plexopathy in-
clude joint contractures, limited mobility, weakness, 
falls secondary to weakness or sensory loss, bowel or 
bladder incontinence, diminished or absent sensation, 
skin breakdown, sexual dysfunction, and signifi cant 
decrease in functional independence from these com-
plications.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment complications may include skin breakdown 
under orthoses and increased weakness if the rehabilita-
tion program is too aggressive. Medication side effects 
are dizziness, somnolence, gastrointestinal irritation, 
and ataxia due to anticonvulsants; dry mouth, urinary 
retention, and atrioventricular conduction block due to 
tricyclic antidepressants; and dependence, dizziness, 
somnolence, and constipation due to opioid pain medi-
cations. Nonsteroidal anti-infl ammatory drugs and anal-
gesics can also have signifi cant side effects that affect the 
gastrointestinal and renal systems as well as the liver.
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DEFINITION
Polytrauma literally means injury to multiple parts sec-
ondary to trauma. Because injury of multiple body parts 
or systems most typically includes traumatic brain in-
jury, polytrauma can be defi ned in practice as injury to 
the brain in addition to other body parts or systems, 
resulting in physical, cognitive, psychological, or psy-
chosocial impairments and functional disability. Injury 

to the brain is the impairment that typically guides the 
course of rehabilitation.1,2 Other common disabling 
conditions include traumatic amputation, auditory and 
visual impairments, spinal cord injury, post-traumatic 
stress disorder, and other mental health disorders.

Because of recent military confl icts in the world (e.g., 
Iraq) as well as increasing terrorist and associated vio-
lence, the likelihood of polytraumatic injury is increas-
ing for both military personnel and civilians. Polytrauma 
is frequently caused by exposure to high-energy blasts or 
explosions.3 Currently, more than half of all combat in-
juries are the result of explosive munitions.4 Blast-related 
injuries are divided into four categories: primary, sec-
ondary, tertiary, and quaternary or miscellaneous inju-
ries. Individuals may sustain multiple injuries from one 
or more of these mechanisms. Primary blast injuries are 
caused by barotrauma—overpressurization from the 
“blast wave” followed by underpressurization; organ 
systems affected contain gas or have a gas-fl uid interface 
(e.g., ears, lungs, bowel). Secondary blast injuries occur 
by fragments and other penetrating metal projectiles, 
which can cause soft tissue trauma and head injuries. 
Contamination from these fragments can also cause ad-
ditional damage or infections. Tertiary blast injuries re-
sult from displacement of the whole body by combined 
pressure loads. Finally, there are miscellaneous blast-
related injuries, such as burns and crush injuries from 
collapsed structures and displaced heavy objects.5 Al-
though explosions are a common military or terrorist 
cause of polytrauma, serious accidents like train derail-
ments, severe motor vehicle accidents, and plane crashes 
can also result in polytrauma.

Polytrauma war-related injuries as well as civilian-based 
injuries occur more frequently in the younger popula-
tion and predominantly in males. In noncombat condi-
tions, active-duty men are 2.5 times more likely to have 
a traumatic brain injury. Statistics of the frequency of 
polytrauma injuries are not available at this time.5,6

SYMPTOMS
Most polytrauma patients present with obvious physical 
traumas or injuries from blasts with symptoms related 
to soft tissue or orthopedic injuries. Some symptoms 

Synonyms
Blast injury
Multiple injuries
Multiple trauma

ICD-9 Codes
344.0  Quadriplegia and quadriparesis
344.1  Paraplegia
451.1   Phlebitis and thrombophlebitis of deep vessels of 

lower extremities
784.0  Headache
850  Concussion
854.0   Intracranial injury of other and unspecifi ed nature 

without mention of open intracranial wound
854.1   Intracranial injury of other and unspecifi ed nature 

with open intracranial wound
886   Traumatic amputation of other fi nger(s) (complete) 

(partial)
887   Traumatic amputation of arm and hand (complete) 

(partial)
895  Traumatic amputation of toe(s) (complete) (partial)
896  Traumatic amputation of foot (complete) (partial)
897  Traumatic amputation of leg(s) (complete) (partial)
905.0  Late effect of traumatic amputation
906.5  Late effect of burn of eye, face, head, and neck
906.6  Late effect of burn of wrist and hand
906.7  Late effect of burn of other extremities
906.8  Late effect of burn of unspecifi ed site
907.0   Late effect of intracranial injury without mention of 

skull fracture
997.63 Infection (chronic)
V52  Fitting and adjustment of prosthetic device and implant
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related to traumatic brain injury, the signature wound 
of polytrauma, are immediately recognized; others are 
more subtle and may go unrecognized.7 Symptoms re-
lated to damaged sensory organs, nervous system, and 
internal structures may be readily apparent or may be 
diffi cult to diagnose. Symptoms related to traumatic 
brain injury include cognitive, emotional, and physical 
symptoms (see Chapter 153).

Cognitive or mental symptoms may include diffi culties 
with speech, thinking, memory, concentration, and 
judgment. Irritability, anxiety, depression, and emo-
tional lability are common emotional sequelae. Physi-
cal symptoms include obvious issues, such as motor 
and sensory defi cits, and more subtle symptoms, such 
as headache, dizziness, and fatigue. Balance and loss of 
equilibrium are common and may be overlooked.8
There is frequently weakness and motor incoordina-
tion. Spasticity can also occur. Pain is common and 
arises from multiple causes, complicating pain manage-
ment. Hearing loss with tinnitus is a hallmark symptom 
of blast-related polytrauma injuries. Vision is frequently 
impaired with visual fi eld loss or unilateral blindness as 
a result of shrapnel or other penetrating injuries to the 
eye or brain. Almost half of polytrauma patients have 
communication problems, such as dysarthria and apha-
sia. Bladder and bowel dysfunction can affect a signifi -
cant number of patients.

PHYSICAL EXAMINATION
A thorough physical examination is essential in the eval-
uation of a patient who has sustained polytrauma. A 
mechanism of injury–directed review of systems is sug-
gested.5 If the mechanism of injury is blast related, the 
examination emphasizes testing for typical sequelae. A 
thorough neurologic examination including assessment 
of cranial nerves, motor strength, sensation, and coordi-
nation and neuropsychological evaluation is mandatory.

Multiple specialty consultants are frequently needed to 
help in the assessment. Neuro-ophthalmologists, audi-
ologists, and otolaryngologists are consulted to docu-
ment functioning of specifi c senses. Wound specialists 
and plastic surgeons are also often needed to assist in 
evaluation of open wounds, burns, and skin grafts. In 
addition, special attention is paid to the assessment of 
skin and soft tissue for retained shrapnel.

FUNCTIONAL LIMITATIONS
Polytrauma patients have multiple functional limita-
tions based on the severity and number of physical and 
cognitive impairments. Hearing and visual fi eld defi cits 
affect everyday life functions and can make educational 
and vocational goals diffi cult to achieve. Lower extremity 
muscle weakness often impairs ambulation and creates 
a safety risk from falls. Upper extremity weakness and 
spasticity impair the patient’s ability to do everyday 
activities such as dressing, hygiene, and handwriting. 
Cognitive defi cits affect the ability to work and to per-
form roles related to parenting and living independently. 

Particularly in the early phase of recovery, some patients 
may require continuous surveillance to prevent wander-
ing; chronologically later, driving can be achieved in 
some patients, but with modifi cations. Many will have 
social and relational problems. Traumatic brain injury, 
stress, and mental health–related issues predispose pa-
tients to depression, anger, and mood swings. Those 
with head injuries may experience signifi cant personality 
changes, affecting their relationships.

DIAGNOSTIC STUDIES
Imaging Studies
Because of the complex nature of injuries, several differ-
ent imaging modalities are used to assess the poly-
trauma patient. In general, central nervous system injury 
is assessed by a combination of computed tomography 
and magnetic resonance imaging. Because of retained 
ferrous shrapnel, magnetic resonance imaging may not 
be possible. Post-traumatic encephalomalacia, hydro-
cephalus, intracranial hemorrhage, diffuse axonal in-
jury, cerebral contusions, mass effect, and degree of at-
rophy can be assessed by routine magnetic resonance or 
computed tomographic imaging of the brain. The same 
diagnostic studies can be applied to the spinal cord to 
determine an anatomic level of injury versus compres-
sion myelopathy.

Routine radiographs are often suffi cient to assess for 
skeletal injuries and intra-thoracic and intra-abdominal 
disease. However, computed tomography can be used 
when more detailed examination is necessary. Bone 
scan is particularly useful for assessment of heterotopic 
ossifi cation or recent injury or infection that is not read-
ily apparent on radiographic examination.

Electrodiagnostics
Patients with multiple trauma often sustain damage to 
the peripheral nervous system. A review of 33 active-
duty patients admitted to the Tampa Polytrauma Reha-
bilitation Center revealed multiple cases of plexopa-
thies, single-nerve injuries, and multiple-nerve injuries 
related to blasts, penetrating wounds, crush injuries, 
and motor vehicle collisions.9 Electromyography and 
nerve conduction studies should be used whenever a 
peripheral nerve injury is suspected.

In addition, electroencephalography is a useful tool in 
diagnosis of post-traumatic epilepsy or encephalopathy.

Vascular Studies
Thromboembolic disease is an unfortunate consequence 
of polytrauma and subsequent immobility after a blast 
injury. Venous Doppler ultrasonography is frequently 
employed to detect deep venous thrombosis in the ex-
tremities. More proximal testing can be done by com-
puted tomographic angiography.

Arterial dissection has also been documented to occur 
secondary to blast. Traditional angiography and 

Ch136_787-792-X4007.indd 788Ch136_787-792-X4007.indd   788 3/17/08 5:52:42 PM3/17/08   5:52:42 PM



Polytrauma Rehabi l i tat ion 789

magnetic resonance angiography are both useful to ex-
plore the extent of dissection and superimposed throm-
bus after traumatic dissection.

Functional Testing
Quantitative gait analysis is useful in objective docu-
mentation of walking ability as well as in the identifi ca-
tion of the underlying causes of walking abnormalities. 
It is helpful in determining the best course of treatment 
in patients with brain injury or neuromuscular injury.

Neuropsychological and Psychological 
Evaluations
A comprehensive battery of neuropsychological and 
psychological tests is necessary to determine the full 
spectrum of cognitive and psychological sequelae from 
polytrauma injuries. This is typically completed once 
the person is medically stable, in an acute rehabilitation 
program, and out of any postinjury confusional state 
such as post-traumatic amnesia. Evaluations may be 
repeated to address different clinical questions during 
the course of recovery. Initially, assessment helps iden-
tify cognitive and emotional impairments that should 
be a focus of treatment. Repeated evaluations may be 
useful in making decisions about additional treatment 
needs, residential placement independence capacity, 
and future vocational or educational endeavors.

TREATMENT
Initial
The initial treatment of soldiers wounded in war or of 
civilians injured in serious accidents is predominantly 
surgical. In the case of both civilian and war-related 
injuries, dramatic improvement in life expectancy has 
been attained by highly skilled emergency and surgi-
cal intervention; in the war-related injuries, this in-
cludes forward military surgical teams and then rapid 
evacuation to the continental United States. Massive 
quantities of blood products are often required during 
resuscitation of patients sustaining polytrauma in a 
combat situation. The concept of “hypotensive resus-
citation” has now regained favor in the fi eld. The 
combat wounded receive blood and blood products at 
a rate to keep a palpable distal radial pulse and sys-
tolic blood pressure at approximately 90 mm Hg.10

This is thought to improve outcomes by preserving 
intravascular volume and diminishing risk of clot dis-
ruption, reducing dilutional coagulopathy, and mini-
mizing hypothermia.11 Serial abdominal closure is 
frequently used to treat patients with abdominal 
wounds in theater. Gore-Tex mesh is implanted and 
the abdomen is closed in several separate procedures, 
allowing the abdomen to remain decompressed and 
to protect the intra-abdominal components. This in 
turn allows earlier rehabilitation.12

Patients who may have sustained crush injuries in war 
and elsewhere may require fasciotomies because of 

Differential Diagnosis

Conversion disorder

Somatoform disorder

Malingering

Some potential diagnoses are actually the traumas or 
injuries of polytrauma:

Dementia or cognitive disorder NOS

Normal pressure hydrocephalus

Toxic exposure

Fibromyalgia

Mycobacterial infection

Mycoplasmal infection

Infectious disease

Drug and alcohol abuse

Medication side effects

Others are potential differential diagnoses:

Progressive dementias

Sleep apnea

Multiple sclerosis

Neoplasms

Autoimmune disease (e.g., rheumatoid, lupus, vasculitis)

Other infectious diseases (Lyme disease, syphilis, po-
liomyelitis, human immunodefi ciency virus infection, 
Epstein-Barr virus infection)

Differential diagnosis for patients sustaining poly-
trauma injuries is complex for seemingly simple 
problems. Even the cause of the injury is frequently 
debated. For example, brain injury can be caused by 
primary, secondary, and tertiary blast injuries or a 
combination of the three. A broad differential should 
be included when any problem with polytrauma pa-
tients is considered. The clinician must maintain a high 
index of suspicion for possible central nervous system 
infection when patients with a history of penetrating 
head injury present with such vague complaints as 
confusion, fatigue, and functional decline. Likewise, 
patients with a history of penetrating abdominal 
wounds may present with vague abdominal com-
plaints, and an aggressive evaluation may be required 
for retained shrapnel and possible abscess. Musculo-
skeletal complaints may also be challenging, and eval-
uation for retained shrapnel causing impingement or 
nerve injury should be explored. Any complaint that 
does not respond to treatment as expected should be 
explored and the differential diagnosis widened in an 
effort to treat this challenging population of patients. 
In this regard, the potential for development of 
chronic pain or somatoform disorders, post-traumatic 
stress disorder, depression, or other psychological con-
ditions should be considered.
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impending compartment syndrome. Many patients 
who have sustained severe head trauma will require 
partial craniectomy both for removal of blood accumu-
lation and for control of cerebral edema. The removed 
portion of the skull is frequently not able to be sal-
vaged because of fragmentation injuries. If the skull 
plate is salvageable, it is either frozen or implanted into 
the abdominal wall for reimplantation at a later date.

Multiple surgeries are frequently required during the 
acute hospitalization phase. Multiple revisions of am-
putated limbs may be required as well as multiple inter-
ventions for burned patients, such as repeated skin 
grafting.

Infection control can also be a problem for returning 
wounded soldiers. Most casualties are initially placed in 
isolation status until surveillance cultures can be ob-
tained, clearing them from isolation status.

Rehabilitation
The rehabilitation process begins in acute medical set-
tings, such as military treatment facilities, with the ini-
tiation of individual physical, occupational, and speech 
therapy. Collaboration by video teleconferences has al-
lowed earlier physiatric input into the care of these 
complex patients and helped coordinate a smooth 
transition from acute care facilities to rehabilitation 
units.

Successful rehabilitation of polytrauma patients requires 
both multidisciplinary medical care and interdisciplin-
ary rehabilitation care. In addition to the physiatrist, the 
multidisciplinary team frequently includes specialists in 
medicine, surgery, infectious disease, neurology, psy-
chiatry, burns, spinal cord injury, and others. The inter-
disciplinary rehabilitation team consisting of speech 
therapists, physical therapists, occupational therapists, 
nurses, blind rehabilitation specialists or certifi ed low 
vision therapists, audiologists, recreational therapists, 
psychologists, social workers, rehabilitation counselors, 
and others work together to minimize disability, to 
maximize independence, and to support the family. 
There are also specialized rehabilitation teams to meet 
the needs of the ventilator-dependent, burn, and ampu-
tee polytrauma patients. The polytrauma patients, with 
their multiple impairments and disabilities, will need to 
be observed with a rehabilitation model of care consist-
ing of transitional day programs and long-term reha-
bilitation care.

Procedures
During the rehabilitation process, various interventions 
may be used to augment the efforts of the multidisci-
plinary team. Botulinum toxin injection can help re-
duce spasticity and improve overall mobility, hygiene, 
pain, and function. Serial casting is often used to help 
slowly reduce contracture and to improve range of mo-
tion. Negative-pressure wound therapy with vacuum-
assisted closure may be used for large or slowly healing 
traumatic or postsurgical wounds.

Surgery
Because of the complex nature of polytrauma patients, 
multiple surgical interventions may be required during 
the initial acute rehabilitation stay. Patients may also 
require frequent readmission to the hospital for more 
surgeries, and an additional stay in the rehabilitation 
unit may allow the attainment of further independence 
goals. Those patients with skull defects will eventually 
require cranioplasty for correction of the defect. Most 
surgeons recommend a wait of at least 3 to 6 months 
since the last major infection before cranioplasty is per-
formed. Patients with hydrocephalus may require place-
ment of a ventriculoperitoneal shunt. The patient’s 
cognitive and functional status is carefully monitored; 
patients with penetrating head injuries with retained 
fragments appear to be at a higher risk for intracranial 
infections. Finally, reconstructive procedures for facial 
deformities, revision of skin grafts and scars, and resec-
tion of heterotopic ossifi cation may be required in the 
late post–acute rehabilitation stage.

POTENTIAL DISEASE COMPLICATIONS
Explosions have the potential to infl ict multiple and 
severe trauma that few U.S. health care providers out-
side the military and the Veterans Administration have 
experience treating. The acute complications vary ac-
cording to the mechanism and pattern of trauma. Such 
complications can include air embolism, compartment 
syndrome, rhabdomyolysis, renal failure, seizures, hem-
orrhage, increased intracranial pressure, infections, 
meningitis, and encephalopathy. Early complications 
that follow major burns include bacterial infections, 
septicemia, deep venous thrombosis, pulmonary embo-
lism, renal failure, hypovolemic shock, jaundice, glottic 
edema, and ileus.

From October 2001 through December 2005, 188 war-
injured service members were treated at one of the four 
polytrauma rehabilitation centers.13 Complications be-
fore admission to a polytrauma rehabilitation center 
and complications that occurred during the polytrauma 
rehabilitation program are listed in Table 136-1. During 
the acute rehabilitation stage of care, there is certainly 
overlap of potential complications; but some variable 
patterns emerge, depending on whether the major in-
jury is traumatic brain injury, spinal cord injury, burn, 
or limb amputation. Complications in traumatic brain 
injury include seizures, meningitis, spasticity, contrac-
tures, heterotopic ossifi cation, headache, and agitation. 
In the spinal cord–injured population, complications 
include urinary retention, decubitus ulcers, spasticity, 
heterotopic ossifi cation, deep venous thrombosis, pul-
monary embolism, osteopenia, fracture, and urinary 
tract infections. Complications in burns can include 
microstomia, contractures, heterotopic ossifi cation, 
anemia, pain, and skin graft failure. Limb amputation 
complications include phantom pain, stump pain, con-
tractures, sinus formation, heterotopic ossifi cation, 
wound dehiscence, tissue necrosis, falls, fractures, 
wound infections, edema, and hematoma.
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Pain, ranging from traumatic, postsurgical, neuropathic, 
and burn-related headaches to chronic pain syndromes, 
is common in the polytrauma patient. Ninety-six per-
cent of polytrauma rehabilitation center admissions 
experienced at least one pain problem.14

An often overlooked complication for almost all pa-
tients in rehabilitation is mental health status. Some of 
the more common challenges include depression, post-
traumatic stress disorder and anxiety disorders, adjust-
ment disorders, body image issues, and behavioral or 
emotional dysregulation. Any or all of these can have an 
impact on medication or treatment compliance and 
general recovery.

POTENTIAL TREATMENT 
COMPLICATIONS
The various pieces of exercise equipment, orthotics, 
prosthetics, ceiling lifts, and other medical or adaptive 
devices can sometimes result in complications, whether 
they are used correctly or incorrectly. For example, rest-
ing splints used in burn cases to prevent joint contrac-
tures can result in pressure ulcers. Compartment syn-
drome, nerve injury, and infections can develop under 
casts that are sometimes used to treat contractures in the 

polytrauma population. An amputee may develop skin 
irritation, abrasions, ulcerations, or other skin changes 
from the prosthetic liner or socket. The polytrauma 
patient is at high risk for falls and injury during the 
rehabilitation treatment phase from multiple factors, 
including polypharmacy, deconditioning, altered cogni-
tion, impulsivity, agitation, limb loss, impaired balance, 
spasticity, bracing, weakness, and urinary incontinence.

With complex polytrauma often comes signifi cant pain 
at one or more sites; 50% or more of these patients re-
quire opioids or nonsteroidal anti-infl ammatories.14

Complications of opioids have been well described and 
can include constipation, altered cognition, somno-
lence, nausea, vomiting, convulsions, hypothalamic ef-
fect, neuroendocrine effect, respiratory depression, tol-
erance, dependence, and addiction.15 The principal side 
effects of nonsteroidal anti-infl ammatory drugs are dys-
pepsia, peptic ulcer disease, renal dysfunction, altered 
liver function, gastrointestinal bleed, and impaired car-
tilage repair in osteoarthritis.

TABLE 136-1  Frequency and Percentage 
of Complications before and during 
PRC Treatment (N � 188)

Medical Condition Pre-PRC PRC

Anemia 22 (12%) 39 (21%)

Meningitis 19 (10%)  2 (1%)

Encephalitis  2 (1%)  1 (0.5%)

Decubitus ulcers 39 (21%) 34 (18%)

Deep venous thrombosis 30 (16%)  7 (4%)

Dermatologic problems  2 (1%) 25 (13%)

Encephalomalacia  8 (4%) 50 (26%)

Heterotopic ossifi cation  4 (2%) 14 (7%)

Increased intracranial pressure 18 (10%)  0 (0%)

Methicillin-resistant Staphylococcus 
aureus infection

 7 (4%)  16 (8%)

Nausea  8 (4%)  34 (18%)

Nutritional compromise  1 (0.5%) 129 (68%)

Pneumonia 37 (20%)  5 (3%)

Post-traumatic fatigue  1 (0.5%)  4 (2%)

Pulmonary embolism 16 (8%)  1 (0.5%)

Temporomandibular joint disorder  0 (0%)  8 (4%)

Thrush  6 (3%) 12 (6%)

Urinary tract infection 22 (12%) 26 (14%)

Acinetobacter infection 23 (12%)  7 (4%)

Other complications 83 (44%) 72 (38%)

PRC, polytrauma rehabilitation center.
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Post-Poliomyelitis Syndrome 137
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DEFINITION
Poliomyelitis, a disease caused by an RNA virus, has 
been eradicated from the United States (with the excep-
tion of vaccine-related cases) since 1979. During the 
fi rst half of the 20th century, however, there were major 
epidemics throughout the United States, and although 
accurate statistics are diffi cult to obtain, there may be as 
many as 1.5 million survivors of polio currently living 
in this country. There are many more millions of survi-
vors worldwide, many of whom are children. In the 
United States, there are several historic reasons for the 
diffi culty in tracking the number of survivors, including 
the fact that in the past, poliomyelitis was thought to be 
either “paralytic” or “nonparalytic.” We are beginning 
to appreciate that people who might have had a very 
mild episode of poliomyelitis (perhaps clinically unap-
preciable and therefore not classifi ed as paralytic polio-
myelitis) may indeed have suffered some paralysis and 
may be at risk for post-poliomyelitis syndrome (PPS).1

PPS is a neurologic disorder defi ned by a collection of 
symptoms that occur in survivors of polio who experi-
enced injury to the central nervous system (generally 
the anterior horn cells in the spinal cord) during their 
initial infection with the poliovirus. The symptoms of 
PPS typically occur many years after the initial episode, 
and the hallmark is new weakness. The new weakness 
may occur in muscles known to be previously affected 
or in muscles that were thought to be “normal.” The 
majority of known survivors of paralytic poliomyelitis 
are reported to be affected (approximately 60%).2 Al-
though new weakness is the most defi ning symptom of 
PPS, other symptoms may include new muscle atrophy, 
pain, swallowing or breathing problems, cold intoler-
ance, and fatigue.3

PPS is a diagnosis of exclusion and should fi t specifi c 
criteria (Table 137-1).

The cause of PPS is uncertain. There is evidence to sug-
gest that attrition of motor neurons is partially respon-
sible.4 An abnormality in acetylcholine transmission at 
the neuromuscular junction has also been suspected.5
Metabolic factors may play a role.6 Both the overuse of 
some muscles, leading to attrition of surviving neurons, 
and the disuse of other muscles are likely to contribute 
to new weakness.

Normal motor neurons (Fig. 137-1) are lost in acute 
poliomyelitis, and collateral sprouting of existing motor 
neurons occurs (Fig. 137-2A and B). Sprouts reinnervate 
denervated muscle fi bers, resulting in larger than nor-
mal motor units (Fig. 137-2C). The burden on each of 
these remaining motor neurons is greater than under 
normal conditions because there are fewer motor units. 
As part of the aging process, there is gradual loss of 
some motor neurons.7 Polio survivors may be more af-
fected by this loss of motor neurons because they have 
fewer neurons.

SYMPTOMS
Weakness
The hallmark of PPS is new weakness; however, the pro-
gression of symptoms is usually slow and occurs during 
years rather than weeks to months.8,9 Patients may re-
port that they once were able to go up and down stairs 
using only one railing but now need two railings, or 
they may say that it has become more diffi cult or even 
impossible to lift a gallon of milk. They may give a his-
tory of falling as a result of knee buckling or tripping 
due to increased diffi culty with clearing of the foot. 
Some patients may report that a limb or muscle looks 
smaller than it once did, which indicates new atrophy. 
It is important to glean from the history whether an 
individual has paresthesias, numbness, back or neck 
pain, or bowel and bladder symptoms that point to 
another cause (e.g., myelopathy or radiculopathy). Also, 
a history of progressive weakness during weeks to 
months may suggest an alternative diagnosis as well 
(e.g., thyroid myopathy, amyotrophic lateral sclerosis).

Synonyms
Late effects of poliomyelitis
Post-poliomyelitis sequelae

ICD-9 Code
138 Late effects of acute poliomyelitis

Julie K. Silver, MD
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Fatigue
Fatigue is the most common complaint, affecting 87% 
of polio survivors.10 Typically, survivors of polio report 
that they feel refreshed in the morning but are ex-
hausted later in the day. They may complain that they 
“hit a wall” or “a curtain comes down.” In general, this 
fatigue improves with rest. Although patients may com-
plain of problems with memory or word fi nding diffi -
culty, true cognitive dysfunction is disputed.11 For indi-
viduals who are tired fi rst thing in the morning, an 
alternative diagnosis, such as depression, thyroid dys-
function, or sleep disorder, may be present.

Pain
Pain associated with PPS presents as aching, burning, or 
cramping in the muscles. Often, the pain is more prom-
inent at the end of the day. Polio survivors are also sus-
ceptible to other types of pain resulting from muscle 
imbalance and stress. Pain may be due to a variety of 
factors, including osteoarthritis, which may occur earlier 
or more severely because of a lack of strong muscles to 
support the joints, and upper extremity neuropathies.

Respiratory Problems
New breathing problems are not uncommon in polio 
survivors, particularly those who had initial involve-
ment of the respiratory muscles. The most common 
presentation is new weakness of the respiratory mus-
cles, causing restrictive lung disease that is associated 

with chronic alveolar hypoventilation. This restric-
tion is worse in obese patients because of the excess 
weight over the thoracic cage and abdominal cavity. 
Patients may complain of shortness of breath, 
dyspnea on exertion, or chronic respiratory infec-
tions. Sleep-disordered breathing is also common in 

TABLE 137-1 Criteria for Post-Poliomyelitis Syndrome

History of old poliomyelitis, preferably with recent electrodiagnos-
tic fi ndings consistent with remote anterior horn cell disease1

A period of at least partial recovery from the initial illness and 
then a long stable period (more than 10 to 20 years)

New symptoms consistent with post-poliomyelitis syndrome 
that are not attributable to any other medical condition

Nerve

Muscle fiber

Motor
end-plate

FIGURE 137-1. Normal neuromuscular junction. Note the nerve branch-
ing into several terminal axons, each innervating one muscle fi ber. (Re-
printed with permission from Fawcett DW. Bloom and Fawcett: A Text-
book of Histology. Philadelphia, WB Saunders, 1986.)

A

Acute poliomyelitis

Normal

Normal

Infected,
surviving

Dying

B

Stable post-poliomyelitis period

C

Post-poliomyelitis syndrome

FIGURE 137-2. Poliomyelitis neuromuscular junction. A, In acute poliomy-
elitis, some neurons die, others are affected but survive, and still others are 
unaffected. B, In the stable post-poliomyelitis period, the surviving neurons 
cover more territory than they did before the poliomyelitis. C, In post-
poliomyelitis syndrome, there is attrition of surviving axons and neurons.
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polio survivors, and patients may present with only a 
history of fatigue.12,13

Swallowing and Speaking Problems
New swallowing problems occur most commonly in 
patients who had “bulbar” poliomyelitis that affected 
the swallowing muscles during the initial infection. 
Patients may complain of choking, gagging, or cough-
ing or just have vague complaints that they do not 
feel as comfortable eating as they once did. Some 
people will also complain of voice problems, espe-
cially dysphonia.14

Cold Intolerance
Cold intolerance often affects one or more limbs. Most 
often, limbs that were noticeably paralyzed are affected, 
but patients may complain of a general inability to ther-
moregulate. Cold intolerance may be exacerbated by 
other medical conditions, such as peripheral vascular 
disease.

PHYSICAL EXAMINATION
The musculoskeletal and neurologic examination fi nd-
ings should be consistent with a lower motor neuron 
disease process with absent or diminished refl exes, de-
creased muscle tone, and asymmetric atrophy and weak-
ness or paralysis of the limbs or trunk. Sensation should 
be spared. Fasciculations are noted, and if they are pro-
nounced and diffuse, an alternative diagnosis should be 
considered (e.g., amyotrophic lateral sclerosis). Because 
median and ulnar neuropathies are common in polio 
survivors, it is important to note sensory defi cits and 
asymmetric muscle atrophy in the hands.3,15,16 In some 
individuals, the fi ndings on physical examination may 
be subtle.

Biomechanical abnormalities are also assessed. These 
can include lower extremity contractures due to muscle 
weakness (particularly at the hip and ankle), joint ab-
normalities (e.g., genu recurvatum at the knee due to 
weak quadriceps muscles), and loss of joint range of 
motion without apparent contributing weakness (com-
mon in the cervical spine and shoulders). Scoliosis and 
kyphosis may be due to muscle imbalance. It is impor-
tant to identify leg length discrepancies as well.

When established testing protocols are followed, man-
ual muscle testing is a useful measure of strength. Be-
cause this population of patients tends to use compen-
satory movements, proper stabilization and testing 
through the range are critical components of manual 
muscle testing. Proper positioning is also essential for 
assessment of grip and pinch strength with a dynamom-
eter and a pinch gauge.

Specifi c areas that the patient reports as painful are 
evaluated (e.g., rotator cuff disease in someone who 
complains of shoulder pain).17 Gait and seated posture 
are assessed because poor posture and biomechanical 
imbalances can contribute to painful sequelae.

With respect to fatigue, it is important to note the pa-
tient’s mood and affect, assessing for depression. Blood 
pressure can be measured to determine whether ortho-
static changes that may occur with anemia have taken 
place. Capillary refi ll with compression of the digits can 
be useful. Assessment of any underlying thyroid or re-
spiratory conditions or chronic infections can help rule 
out alternative causes of fatigue.

Patients who complain of decreased endurance or short-
ness of breath are evaluated in the same manner as any 
patient with respiratory complaints; this includes vital 
signs and baseline pulse oximetry, if it is available. Pul-
monary and cardiac auscultation is also important.

Swallowing problems are best assessed by a clinician 
who specializes in treatment of these disorders because 
they nearly always require technical examinations with 
specialized equipment to visualize the pharynx and lar-
ynx. Cold intolerance is assessed by noting the tempera-
ture and color of the extremities. Assessment of periph-
eral pulses and edema is also important.

FUNCTIONAL LIMITATIONS
Polio survivors lose strength at a rate greater than that 
associated with normal aging in both upper and lower 
extremity musculature.18 New weakness can greatly af-
fect mobility, including walking and transfers. Dimin-
ished strength can also affect the patient’s ability to 
perform daily activities, such as gardening, grocery 
shopping, and even going to get the mail—which can 
signifi cantly alter the level of independence. New leg 
weakness may also increase fall risk.19

Fatigue may be purely muscular or may affect cogni-
tion in terms of memory and concentration.20 Post-
poliomyelitis fatigue, which typically occurs most pro-
foundly in the afternoon, may affect an individual’s 
ability to work full-time. The need for a break or a nap 
may markedly limit what patients can accomplish dur-
ing the day, and an early bedtime may limit social ac-
tivities, resulting in social isolation. Poor sleep associ-
ated with anxiety or depression, sleep apnea, or 
periodic limb movement disorder may also contribute 
to fatigue and cognitive dysfunction.

Many polio survivors function well despite pain.21 How-
ever, some people have such severe pain that they curtail 
their activities, particularly activities that exacerbate 
their symptoms, such as walking and lifting.

New breathing problems may limit the ability of pa-
tients to do their usual activities, particularly activities 
that require some physical endurance, such as walking. 
Reduction of activity can have the negative effect of con-
tributing to muscle deconditioning, which can cause 
even greater breathing problems and decreased endur-
ance. New swallowing problems, if severe, may cause 
social isolation; on the other hand, they may cause pa-
tients to feel as though they cannot be left alone when 
eating. Many people limit exposure to cold, such as 
avoiding going outside during cold weather. Some peo-
ple may even choose to live in a warmer climate for 
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comfort reasons. Others may turn up the furnace to ac-
commodate their cold intolerance.

DIAGNOSTIC STUDIES
Weakness
Initial testing focuses on new weakness because it gen-
erally is the primary feature of PPS. Electrodiagnostic 
studies (electromyography and nerve conduction stud-
ies) are recommended to rule out other neuromuscular 
diseases and to help establish a previous history of po-
liomyelitis. Although a history of poliomyelitis cannot 
be proved by electrodiagnostic studies, some classic 
fi ndings, such as very large motor unit action poten-
tials, make the diagnosis much more likely if they are 
present and essentially rule out the diagnosis if they are 
absent.

If it is clinically appropriate to establish the correct di-
agnosis, imaging of the spine (e.g., magnetic resonance 
imaging or computed tomography with or without my-
elography) can help evaluate whether a myelopathy or 
radiculopathy is present. Useful laboratory studies may 
include thyroid function studies to rule out thyroid my-
opathy and muscle enzymes, which can be mildly ele-
vated in PPS.

Paralysis in polio survivors, whether it is new or long-
standing, contributes to decreased bone mineral den-
sity. That combined with a propensity to fall is a ma-
jor source of increasing disability. Therefore, bone 
mineral density studies should be considered in all 
polio survivors; imaging focuses on the area of great-
est paralysis.22,23

Fatigue
Patients presenting with fatigue should have a workup 
for anemia, thyroid dysfunction, depression, and sleep 
disorders. Sleep disorders are common in polio survi-
vors and are often present as sleep apnea.24 There 
should be a very low threshold for ordering a sleep 
study in a polio survivor complaining of fatigue.

Chronic conditions such as congestive heart failure, dia-
betes, and chronic infections can also contribute to fa-
tigue and should lead to appropriate workup. Cancer 
and other serious alternative diagnoses should be ruled 
out. Respiratory etiology should also be considered (see 
the following discussion of respiratory problems).

Pain
Pain can be a result of many different causes and 
should be thoroughly investigated. Post-poliomyelitis 
pain is diagnosed by history and physical examina-
tion. However, diagnostic studies can be contemplated 
to rule out other conditions. Upper extremity neu-
ropathies, such as carpal tunnel syndrome, should be 
considered and ruled out with electrodiagnostic stud-
ies. Plain radiographs can help in the diagnosis of 
osteoarthritis and spinal stenosis. Magnetic resonance 

imaging and computed tomography are performed to 
rule out alternative diagnoses.

Respiratory Problems
Respiratory problems are often manifested as chronic 
alveolar hypoventilation and can be initially evaluated 
with baseline pulmonary function tests. Chest radiogra-
phy and laboratory studies (e.g., arterial blood gas 
analysis) may also be useful. Pulse oximetry (at rest, 
during exercise, and while sleeping) may provide addi-
tional information. Sleep studies are recommended for 
polio survivors with complaints of fatigue or diffi culty 
with breathing.

Swallowing Problems
Swallowing disorders can be diagnosed by a variety of 
different imaging studies. The modifi ed barium swallow 
study and the functional endoscopic evaluation of swal-
lowing are most commonly performed.

Cold Intolerance
Cold intolerance is likely to be a result of a variety of 
factors, including alterations in the sympathetic nervous 
system and the paralysis of muscles in the extremities 
that are important in maintenance of dynamic blood 
fl ow. Diagnostic studies are generally not performed for 
this symptom except to rule out other conditions (e.g., 
peripheral vascular disease).

TREATMENT
Initial
Weakness

Intravenous immune globulin has been shown to in-
crease strength in polio survivors.25,26 In one double-
blind study, the median increase was 8.3%.26 This may 
translate into a more signifi cant gain in functional sta-
tus, although it is not clear at this time. Pyridostigmine, 
which is generally increased gradually to a dose of 60 mg 
three times daily, has been used with mixed results to 
improve strength.27-29

Fatigue

Fatigue is managed by treatment of any medical condi-
tions that may be contributing to it. It is particularly 
important to address sleep disorders in polio survivors 
who have documented sleep apnea or periodic limb 
movement disorders.30 Proper sleep hygiene is impor-
tant (e.g., regular bedtimes, avoidance of caffeine late in 
the day). Underlying depression can be treated with 
medications or counseling or both. In addition, patients 
are encouraged to pace themselves, to take rest breaks 
during the day, and to avoid alcohol.

In patients with chronic debilitating fatigue, methyl-
phenidate hydrochloride and bromocriptine have been 
tried with mixed results. More recently, modafi nil has 
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been used to treat fatigue pharmacologically, although 
the results have not been particularly encouraging.31-33

The dose usually starts at 200 mg orally every morning 
and may be increased to 400 mg.

Pain

Pain is generally relieved when the underlying medical 
condition is addressed (e.g., carpal tunnel syndrome, 
arthritis). If medications are considered, nonsteroidal 
anti-infl ammatory drugs and acetaminophen can be 
tried as analgesics. Tramadol as an oral analgesic and 
Lidoderm 5% patches placed regionally can be tried as 
well. Post-poliomyelitis myalgias can be treated and 
have been reported to respond to low-dose tricyclic an-
tidepressants. However, keep in mind that these may 
exacerbate some sleep disorders.

Respiratory Problems

Respiratory problems, particularly sleep apnea, are of-
ten treated with signifi cant improvement in symptoms 
by continuous positive airway pressure or bilevel posi-
tive airway pressure at night. Oxygen can exacerbate 
chronic alveolar hypoventilation and should be used 
with caution.

Swallowing Problems

Swallowing problems are generally amenable to con-
servative treatment with a speech and language pa-
thologist. On occasion, surgical intervention is help-
ful. In rare instances, an alternative to oral feeding is 
required.

Cold Intolerance

Cold intolerance is treated symptomatically with lay-
ered clothing and thermal undergarments.

Rehabilitation
Rehabilitation focuses on education of the patient, ther-
apeutic exercise, and adaptive equipment needs. Educa-
tion of the patient includes knowledge of the diagnosis 
and appropriate precautions, pacing, falls precautions, 
postural education, ergonomics, pain management, 
home exercise program, and home safety. Home safety 
may include a home visit because recommendation of 
home modifi cations can markedly improve how safe 
people are in their homes.34,35

The exercise program should be individualized and 
address fl exibility, strength, and conditioning.36 A 
nonfatiguing protocol should be used for muscle 
groups affected by poliomyelitis. The conditioning 

Differential Diagnosis

Weakness

 Myopathy

 Amyotrophic lateral sclerosis

  Myelopathy (e.g., due to spinal stenosis, spinal 
tumors)

 Radiculopathy

 Peripheral neuropathy

 Deconditioning

 Multiple sclerosis

 Myasthenia gravis

 Parkinson disease

 Adult spinal muscular atrophy

Fatigue

 Sleep disorder

 Depression

 Thyroid dysfunction

 Anemia

 Deconditioning

 Cancer

 Chronic infections

 Respiratory dysfunction

 Cardiac dysfunction

  Chronic systemic disease (e.g., systemic lupus 
erythematosus, diabetes)

 Fibromyalgia

Pain

 Tendinitis

 Bursitis

 Osteoarthritis

 Radiculopathy

 Peripheral neuropathy

 Fibromyalgia

 Myofascial pain syndrome

Respiratory problems

 Cardiac disease

 Chronic obstructive pulmonary disease

 Asthma

 Anemia

 Deconditioning

Swallowing problems

 Gastroesophageal refl ux disease

 Benign or malignant lesion

 Stricture

Cold intolerance

 Peripheral vascular disease
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program should be done gradually, with protocols 
similar to a walking program; it should work the indi-
vidual’s less involved muscle groups. Cross-training is 
a crucial exercise principle for this group because of 
muscle fatigability.

Equipment needs are addressed by the consideration of 
orthotic evaluation, walking aids, scooter or power 
wheelchair, chairlift, and driving adaptations. Orthotic 
evaluation should be comprehensive and may include 
both upper and lower extremity orthoses. For example, 
wrist splints may be prescribed for carpal tunnel syn-
drome and elbow pads for ulnar neuropathy. There are 
a variety of bracing options and materials; consider 
lightweight options, such as carbon fi ber and Kevlar, for 
this population.37

A physical, occupational, or respiratory therapist skilled 
in treatment of respiratory disorders may be helpful in 
teaching the patient some breathing and postural tech-
niques. In addition, knowledgeable therapists can help 
patients to conserve energy, which can decrease respira-
tory demands.

Speech and language pathologists can assist with swal-
lowing diffi culties by teaching the patient techniques to 
assist with swallowing and to prevent choking and aspi-
ration. Also, the therapist can make recommendations 
about which foods or liquids to avoid. For safety, family 
members may be instructed in the Heimlich maneuver.

Procedures
On occasion, therapeutic procedures are recommended 
on the basis of specifi c symptoms. For instance, a wide 
variety of musculoskeletal conditions that are com-
monly found in polio survivors may be treated with 
injections (e.g., rotator cuff tendinitis, carpal tunnel 
syndrome, cervical myofascial pain syndrome).

Surgery
Surgery may be recommended for a variety of orthope-
dic conditions, such as joint replacements and carpal 
tunnel release. In some instances, individuals with se-
vere swallowing problems are candidates for surgery or 
feeding tube placement.

POTENTIAL DISEASE COMPLICATIONS
PPS is characterized by slow progression of symptoms. 
One of the most signifi cant complications of PPS is 
falling with subsequent injury. Of 233 polio survivors 
surveyed, 64% reported falling at least once within the 
last year.38 This same study also correlated falls in polio 
survivors with a high incidence of fractures; 82 of 233 
surveyed (35%) reported that they had a history of at 
least one fracture due to a fall. Because of osteopenia or 
osteoporosis in paralyzed limbs, polio survivors may 
be more susceptible to injuries.39 Polio survivors will 
often report a decrease in functional ability after a seri-
ous fall.

Progressive respiratory compromise can also notably 
change functional status by decreasing endurance. Sup-
plemental oxygen may even become necessary for an 
individual who has never needed it before.

Diffi culty with swallowing can lead to aspiration pneu-
monia or malnutrition. These are serious and poten-
tially life-threatening complications.

POTENTIAL TREATMENT 
COMPLICATIONS
There are three categories of treatment complications. 
Complications are related to medication side effects, 
falls, and inappropriate intervention.

Analgesics and nonsteroidal anti-infl ammatory drugs 
have well-known side effects that most commonly affect 
the gastric, hepatic, and renal systems. The side effects 
of pyridostigmine are generally dose related and can be 
recalled by the acronym SLUD (increased salivation, 
lacrimation, urination, and defecation). Respiratory se-
cretions may also be increased with this medication. 
Tricyclic antidepressants have cholinergic side effects, 
the most serious of which is the possibility of acute 
urinary retention in men (men with underlying prostate 
problems are generally at risk). The side effects of 
modafi nil include headache, nausea, and nervousness. 
Modafi nil may increase the circulating levels of diaze-
pam, phenytoin, and propranolol.

In physical therapy, caution must be used in altering an 
individual’s gait and movement patterns. During gait, a 
tight gastrocnemius can aid in creating a plantar fl exion 
moment that will produce an extension moment at the 
knee, which will aid a weak quadriceps. If the gastrocne-
mius is stretched before bracing is addressed, the indi-
vidual may be at increased risk for knee buckling. Heavy 
or inappropriate bracing or mobility devices may hin-
der mobility and can lead to falls.

Inappropriate interventions may adversely affect a survi-
vor of polio. Overly aggressive exercise programs are 
thought to increase the risk for further weakness and 
may also result in disabling musculoskeletal injuries.

The bed rest associated with some surgeries seems to 
pose a signifi cant recuperative problem for polio survi-
vors. Postoperative rehabilitation is often necessary. 
Also, anecdotally, polio survivors have been reported to 
have diffi culty with general anesthesia and may require 
larger than usual doses of postoperative pain medica-
tion. Careful consideration should be given to the risks 
and benefi ts of surgery for this population.

References
 1. Halstead LS, Silver JK. Nonparalytic polio and postpolio syn-

drome. Am J Phys Med Rehabil 2000;79:13-18.
 2. Gawne AC, Halstead LS. Post-polio syndrome: pathophysiology 

and clinical management. Crit Rev Phys Rehabil Med 1995;7:
147-188.

 3. Silver JK. Post-Polio. A Guide for Polio Survivors and Their Fami-
lies. New Haven, Conn, Yale University Press, 2001.

Ch137_793-800-X4007.indd 798Ch137_793-800-X4007.indd   798 3/17/08 5:53:01 PM3/17/08   5:53:01 PM



Post-Pol iomyel i t is  Syndrome 799

 4. Dalakas MC. Pathogenetic mechanisms of post-polio syndrome: 
morphological, electrophysiological, virological, and immuno-
logical correlations. Ann N Y Acad Sci 1995;753:167-185.

 5. Maselli RA, Wollmann R, Roos R. Function and ultrastructure of 
the neuromuscular junction in post-polio syndrome. Ann N Y 
Acad Sci 1995;753:129-137.

 6. Grimby G, Tollback A, Muller U, Larsson L. Fatigue of chroni-
cally overused motor units in prior polio patients. Muscle Nerve 
1996;19:728-737.

 7. Halstead LS. Managing Post-Polio: A Guide to Living Well with 
Post-Polio Syndrome. Washington, DC, NRH Press, 1998.

 8. Nollet F, Beelen A, Twisk JW, et al. Perceived health and physical 
functioning in postpoliomyelitis syndrome: a 6-year prospective 
follow-up study. Arch Phys Med Rehabil 2003;4:1048-1056.

 9. Stolwijk-Swuste JM, Beelen A, Lankhorst GJ, Nollet F. The course 
of functional status and muscle strength in patients with late-
onset sequelae of poliomyelitis: a systematic review. Arch Phys 
Med Rehabil 2005;86:1693-1701.

10. Halstead LS, Rossi CD. New problems in old polio patients: result 
of survey of 539 polio survivors. Orthopedics 1985;8:845-850.

 11. Ostlund G, Borg K, Wahlin A. Cognitive functioning in post-
polio patients with and without general fatigue. J Rehabil Med 
2005;37:147-151.

12. Chasens ER, Umlauf M, Valappil T, Singh KP. Nocturnal problems 
in postpolio syndrome: sleep apnea symptoms and nocturia. Re-
habil Nurs 2001;26:66-71.

13. Schanke A-K, Stanghelle JK, Andersson S, et al. Mild versus severe 
fatigue in polio survivors: special characteristics. J Rehabil Med 
2002;34:134-140.

14. Abaza MM, Sataloff RT, Hawkshaw MJ, Mandel S. Laryngeal mani-
festations of postpoliomyelitis syndrome. J Voice 2001;14:291-294.

15. Werner R, Waring W, Davidoff G. Risk factors for median mono-
neuropathy of the wrist in postpoliomyelitis patients. Arch Phys 
Med Rehabil 1989;70:464-467.

16. Veerendrakumar M, Taly AB, Nagaraja D. Ulnar nerve palsy due to 
axillary crutch. Neurol India 2001;49:67-70.

17. Klein MG, Whyte J, Keenan MA, et al. The relation between lower 
extremity strength and shoulder overuse symptoms: a model based 
on polio survivors. Arch Phys Med Rehabil 2000;81:789-795.

18. Klein MG, Whyte J, Keenan MA, et al. Changes in strength over 
time among polio survivors. Arch Phys Med Rehabil 2000;81:
1059-1064.

19. Silver JK, Aiello DD. Polio survivors: falls and subsequent injuries. 
Am J Phys Med Rehabil 2002;81:567-570.

20. Bruno RL, Zimmerman JR. Word fi nding diffi culty as a post-polio 
sequelae. Am J Phys Med Rehabil 2000;79:343-348.

 21. Widar M, Ahlstrom G. Pain in persons with post-polio: the Swed-
ish version of the Multidimensional Pain Inventory (MPI). Scand 
J Caring Sci 1999;13:33-40.

22. Silver JK, Aiello DD. Bone density and fracture risks in male polio 
survivors. Arch Phys Med Rehabil 2001;81:1329.

23. Silver JK, Aiello DD, MacNeil JR. Effect of fosamax on bone den-
sity in a male polio survivor: a case report. Arch Phys Med Rehabil 
2001;81:1311.

24. Dean AC, Graham BA, Dalakas M, Sato S. Sleep apnea in patients 
with postpolio syndrome. Ann Neurol 1998;43:661-664.

25. Gonzalez H, Khademi M, Andersson M, et al. Prior poliomyelitis—
IVIg treatment reduces proinfl ammatory cytokine production. J Neu-
roimmunol 2004;150:139-144.

26. Gonzalez H, Sunnerhagen KS, Sjorberg I, et al. Intravenous im-
munoglobulin for post-polio syndrome: a randomized controlled 
trial. Lancet Neurol 2006;5:493-500.

27. Seivert BP, Speier JL, Canine JK. Pyridostigmine effect on strength, 
endurance and fatigue in post-polio patients [abstract]. Arch Phys 
Med Rehabil 1994;75:1049.

28. Trojan DA, Collet JP, Shapiro S, et al. A multicenter, randomized, 
double-blind trial of pyridostigmine in post-polio syndrome. 
Neurology 1999;53:1225-1233.

29. Horesmans HLD, Nollet F, Beelen A, et al. Pyridostigmine in post-
polio syndrome: no decline in fatigue and limited functional im-
provement. J Neurol Neurosurg Psychiatry 2003;74:1655-1661.

30. Hsu AA, Staata BA. “Post-polio” sequelae and sleep-related disor-
dered breathing. Mayo Clin Proc 1998;73:216-224.

 31. Kingshott RN, Vennelle M, Coleman EL, et al. Randomized, 
double-blind, placebo-controlled crossover trial of modafi nil 
in the treatment of residual excessive daytime sleepiness in the 
sleep apnea/hypopnea syndrome. Am J Respir Crit Care Med 
2001;163:918-923.

32. Mitler MM, Harsh J, Hiroshkowitz M, Guilleminault C. Long-term 
effi cacy and safety of modafi nil (Provigil) for the treatment of ex-
cessive daytime sleepiness associated with narcolepsy. Sleep Med 
2000;1:231-243.

33. Chan KM, Strohschein FJ, Rydz D, et al. Randomized controlled 
trial of modafi nil for the treatment of fatigue in postpolio pa-
tients. Muscle Nerve 2006;33:138-141.

34. Salkeld G, Cumming RG, O’Neill E, et al. The cost effectiveness 
of a home hazard reduction program to reduce falls among older 
persons. Aust N Z J Public Health 2000;24:265-271.

35. Cumming RG, Thomas M, Szonyi G, et al. Home visits by an 
occupational therapist for assessment and modifi cation of envi-
ronmental hazards: a randomized trial of falls prevention. J Am 
Geriatr Soc 1999;47:1397-1402.

36. Chan KM, Amirjani N, Sumrain M, et al. Randomized controlled 
trial of strength training in post-polio patients. Muscle Nerve 
2003;27:332-338.

37. Silver JK, Aiello DD, Drillio RC. Lightweight carbon fi ber and Kev-
lar fl oor reaction AFO in two polio survivors with new weakness 
[abstract]. Arch Phys Med Rehabil 1999;80:1180.

38. Silver JK, Aiello DD. Risk of falls in survivors of poliomyelitis [ab-
stract]. Arch Phys Med Rehabil 2000;81:1272.

39. Silver JK. Aging, comorbidities, and secondary disabilities in po-
lio survivors. In Halstead LS, ed. Managing Post-Polio: A Guide 
to Living Well with Post-Polio Syndrome. Washington, DC, NRH 
Press, 1998.

Ch137_793-800-X4007.indd 799Ch137_793-800-X4007.indd   799 3/17/08 5:53:01 PM3/17/08   5:53:01 PM



R E H A B I L I T A T I O N

Post-Concussion Disorders 138
Mel B. Glenn, MD

801

DEFINITION
Post-concussion disorders are a set of symptoms com-
monly seen after concussion. The term concussion is 
generally used as a synonym for mild traumatic brain 
injury. One commonly used defi nition of mild trau-
matic brain injury is a traumatically induced physiologic 
disruption of brain function, manifested by at least one 
of the following:
 ● any period of loss of consciousness;
 ● any loss of memory for events immediately 

before or after the accident;
 ● any alteration in mental state at the time of 

the accident (e.g., feeling dazed, disoriented, 
or confused); and

 ● focal neurologic defi cits that may or may not 
be transient;

but the severity of injury does not exceed the following:
 ● loss of consciousness of approximately 

30 minutes or less;
 ● after 30 minutes, an initial Glasgow Coma 

Scale score of 13 to 15; and
 ● post-traumatic amnesia not longer than 

24 hours.1

There are a number of classifi cation schemes. Concus-
sion can be graded according to the criteria established 
by the American Academy of Neurology, which are 
based on the occurrence and duration of loss of con-
sciousness, confusion, and concussion symptoms. They 
were intended to guide the management of sports con-
cussion2 (Table 138-1). The approach developed by the 
2nd International Symposium on Concussion in Sports,3
including a more state-of-the-art set of guidelines for 

the treatment of sports concussion, is notable for its 
emphasis on outcome as well as the immediate se-
quelae of the injury. Simple concussion is defi ned as 
one that progressively resolves during a period of 7 to 
10 days. A complex concussion involves persistent symp-
toms, specifi c sequelae (concussive seizure, loss of con-
sciousness longer than 1 minute, prolonged cognitive 
impairment), or concussion previous to the one in 
question. (See also the section on treatment.)

SYMPTOMS
The most common post-concussive symptoms are head-
ache, dizziness (vertigo), poor balance, forgetfulness, 
diffi culty learning or remembering, diffi culty concentrat-
ing, slowed thinking, hypersomnolence, fatigue, poor 
energy, insomnia, depression, anxiety, irritability, sensi-
tivity to noise and light, and visual problems.4-6

Many of these symptoms may be related to events other 
than the cerebral insult. Symptoms may be present alone 
or in various constellations and as such do not constitute 
a true syndrome.4 There may be a lag of days or weeks 
between the concussion and the patient’s fi rst com-
plaints, and some related phenomena, such as depres-
sion and anxiety, may not become manifested until 
months after the initial injury. Although these symptoms 
can be seen with any severity of injury, they are often 
discussed in the context of mild traumatic brain injury. 
Over time, many people make a complete recovery. 

Estimates of the numbers of people in the United States 
who have a mild traumatic brain injury each year range 
from 51 to 618 per 100,000 population.7 Estimates and 
reports of the proportion of those who still have mul-
tiple symptoms 1 year after injury have ranged from less 
than 5%8 to as high as 78%,9 the latter number juxta-
posed against a 47% incidence in a group of controls 
with orthopedic injuries. The difference in symptoms 
between the concussion group and the controls 
was largely due to complaints of dizziness, memory 
problems, and concentration problems. This study was 
done in Lithuania, where litigation is uncommon. One 
study found that up to 5 years after injury, the 
incidence of symptoms was higher among those 
with mild traumatic brain injury than among controls 
with other injuries.10 The incidence of the symptoms 

Synonyms
Post-concussion syndrome
Post-concussive syndrome
Post-concussive disorders

ICD-9 Codes
310.2 Post-concussion syndrome
850.1 Concussion without loss of consciousness
850.2 Concussion with loss of consciousness, less than one hour
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associated with post-concussion disorder is relatively 
high in healthy populations,8 and there seems to be a 
tendency among people with mild traumatic brain in-
jury to underestimate the extent of preinjury symp-
toms.7,9 Most authors have not defi ned a particular time 
frame for the designation of “persistent” post-concus-
sion disorder, although some have used 3 months as a 
cutoff.11

Most controlled studies indicate that cognitive defi cits 
found on neuropsychological testing, largely in young 
adults, generally resolve within 3 months of mild trau-
matic brain injury.7 Some studies have found subtle 
differences from controls.12,13 Athletes who have had 
multiple concussions have been found to have a poorer 
performance on neuropsychological testing14 and a 
greater prevalence of mild cognitive impairment in later 
life15 than athletes who have not had a concussion. Al-
though prospective studies are needed to clarify cause 
and effect, this suggests that a single concussion may 
result in some loss of brain function, possibly subclini-
cal in most people.

The etiology of the various post-concussion symptoms 
is often multifactorial, and much of it is still not well 
understood. The usual inciting factors are mild trau-
matic brain injury with residual impairment of atten-
tion and memory, whiplash or other soft tissue injury 
to the head and neck, and at times disruption of the 
vestibular apparatus or central vestibular insult. Prob-
lems with attention, forgetfulness, and fatigue, coupled 
with the frequent development of headaches, insom-
nia, and vertigo, often lead to considerable anxiety and 
depression and a “shaken sense of self.”16 In those 
who develop persistent problems, a complex of symp-
toms often feed one on the other,4 exacerbating the 
neuropsychological impairment, which may then 
take on a life of its own even as the underlying brain 
injury continues to recover.16,17 A common scenario is 
one in which pain, anxiety (including, at times, post-
traumatic stress disorder), and depression contribute 
to insomnia, which in turn exacerbates headaches, 
and all of these symptoms contribute to cognitive 

impairment. Diffi culty in concentrating can also result 
in headaches.

There is evidence to suggest that persistence of symp-
toms is associated with preexisting social, psychologi-
cal, and vocational diffi culties; age older than 40 years; 
being married; female gender; higher educational back-
ground; current student status; litigation; being out of 
work secondary to injury; motor vehicle crash as cause 
of injury; lack of fault for a collision; nausea; memory 
impairment; multiple painful areas after injury; preex-
isting physical impairment; and preexisting brain (in-
cluding prior head injury) and other neurologic prob-
lems. However, studies vary with respect to some of 
these fi ndings.6-8,14,18,19

Cognitive
The patient should be questioned about the inciting event 
with regard to whether there was a loss of consciousness, 
loss of anterograde or retrograde memory, other alteration 
in mental status, or focal neurologic fi ndings. A patient’s 
subjective feeling of being dazed or confused may or may 
not refl ect actual brain injury. It is common for people to 
feel dazed because of the emotional shock experienced 
after an accident. There is often limited or no documenta-
tion of the patient’s mental status immediately after the 
accident, and a clinician must do his or her best to recon-
struct the situation largely on the basis of the history given 
by the patient. The observations of others may help clarify 
whether the patient was responding slowly or otherwise 
appeared confused. Emergency medical records should be 
obtained whenever possible but may or may not refl ect 
the patient’s mental status at the scene of the accident and 
may not pick up more subtle defi cits if only orientation is 
evaluated.

Headaches
Tension, migraine, cervicogenic (musculoskeletal), and 
mixed headaches are the most frequent types seen after 
concussion. Pain from soft tissue injury at the site of 
impact, occipital neuralgic pain, and dysautonomic 
cephalgia can be seen as well. The patient should be 
questioned with respect to severity, quality, location and 
radiation, date at onset, duration, frequency, exacerbat-
ing or ameliorating factors, and frequency of medica-
tion use in addition to associated symptoms such as 
nausea, vomiting, visual phenomena, diaphoresis, rhi-
norrhea, and sensitivity to light and noise.20-22

Vestibular
Vertigo can be caused by cupulolithiasis or canalithiasis 
(benign paroxysmal positional vertigo), brainstem in-
jury, perilymph fi stula, endolymphatic hydrops, or laby-
rinthine concussion, or it may be cervicogenic. Peri-
lymph fi stula, endolymphatic hydrops, and labyrinthine 
concussion are usually associated with hearing loss and 
tinnitus as well. Nonvertiginous dizziness is not usually 
directly related to concussion; medication-induced 

TABLE 138-1  American Academy of Neurology 
Concussion Classifi cation

Grade of 
Concussion Characteristics

Grade 1 Transient confusion

All symptoms � 15 minutes

Mental status changes � 15 minutes

Grade 2 Transient confusion

Any symptoms � 15 minutes

Mental status changes � 15 minutes

Grade 3a Brief loss of consciousness (seconds)

Grade 3b Prolonged loss of consciousness (minutes)
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dizziness (e.g., by nonsteroidal anti-infl ammatory drugs 
and antidepressants) and other causes should be consid-
ered, including psychogenic dizziness.23

Other
The physician’s history of the events surrounding the 
initial accident should also include exploration of other 
associated injuries, seizure, vomiting, and drug or alco-
hol intoxication. A preinjury medical, social, psycho-
logical, vocational, and educational history should be 
obtained, including any history of attention defi cit dis-
order or learning disability.

PHYSICAL EXAMINATION
Cognitive
The examination of the individual with post-concussion 
disorder often elicits problems with attention, memory, 
and executive function on mental status evaluation. 
Memory problems are most often related to attention 
defi cits or diffi culty with retrieval.24 The contribution of 
attention versus encoding versus retrieval problems to 
verbal memory can be evaluated with presentation of a 
word list followed by immediate recall, recall after 
5 minutes, and then a multiple choice recognition task, 
which provides the structure needed to assist retrieval 
when information has been encoded. Mini-mental status 
test results may be normal; more extensive evaluation, 
and perhaps neuropsychological testing, including reac-
tion time13 and continuous performance tasks, may be 
necessary to reveal the defi cits. Findings more severe than 
expected for a mild traumatic brain injury indicate that 
there are likely to be other contributing factors. Medica-
tions, anxiety, depression, insomnia, pain, and either 
conscious or unconscious symptom augmentation can 
exacerbate or cause problems with attention and mem-
ory.6,16 A sleep history should be obtained.

Psychological
Assessment of mood and affect may reveal evidence 
of depression and anxiety. The Patient Health 
Questionnaire-9 is one approach to assessment of de-
pression. It is a brief questionnaire that mirrors the di-
agnostic criteria of the Diagnostic and Statistical Manual 
of Mental Disorders, fourth edition, for major depres-
sion. It has been validated in people with traumatic 
brain injury.25 Post-traumatic stress disorder should be 
suspected in individuals who have fl ashbacks, frequent 
nightmares, and anxiety for situations similar to those 
that caused the original injury (e.g., riding in a car).

Headaches
Examination of the head and neck often elicits restric-
tion of motion, tender points, or trigger points radiating 
to the head. There may be tenderness at the site of the 
original head injury and occasionally pain elicited by 
compression of the occipital nerves.21,22,26

Vestibular
During acute vertigo, nystagmus will often be present, 
generally stronger with peripheral than with central 
vertigo. As adaptation begins to occur, nystagmus may 
be seen only with certain maneuvers (e.g., after 20 
horizontal head shakes) or may not be seen at all. 
When benign paroxysmal positional vertigo is the 
cause, the Hallpike-Dix maneuver usually elicits vertigo 
and nystagmus. This maneuver is performed from the 
sitting position on a fl at surface with the head rotated 
45 degrees to either side. The patient is quickly lowered 
from the sitting to lying position, until the head, still 
rotated, is extended over the edge of the examining ta-
ble. Vertigo is experienced and nystagmus is seen after 
a lag of up to 30 seconds.23 Patients with vertigo may 
also have balance problems with diffi culty with tan-
dem walk, hopping, and other maneuvers involving 
movement of the head and eye-body coordination.

Visual
Some patients complain of a feeling of visual disorien-
tation or intermittent blurred vision. The symptoms can 
be related to a need for changes in refraction, accom-
modative dysfunction,27 or vascular, vestibular, atten-
tional, or psychological problems. Frequently, nothing 
will be found on routine examination.

Olfactory
The sense of smell may be affected by damage to 
branches of the olfactory nerve as they pass through the 
cribriform plate or by focal cortical contusion.26

The examination fi ndings of other cranial nerves, mus-
cle strength, cerebellar test results, deep tendon refl exes, 
plantar stimulation, frontal signs, and sensation are 
usually normal.

FUNCTIONAL LIMITATIONS
The extent to which post-concussion disorders interfere 
with function varies with the extent of the associated 
pathologic process but depends also on the psychologi-
cal reaction to the post-concussion impairments. The 
most common consequences of post-concussion disor-
der are limitations in home and community living skills 
and social, academic, or vocational disability. Patients 
may be forgetful and inattentive, have diffi culty follow-
ing conversations, and fi nd crowded, noisy environ-
ments diffi cult to tolerate. Headaches are often exacer-
bated by attentional demands and other stresses. Vertigo 
causes diffi culty in toleration of motion, including, for 
some, moving vehicles.

DIAGNOSTIC TESTING
If computed tomography was not performed acutely, a 
computed tomographic scan of the head should be 
obtained as soon as possible after injury to rule out 
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intracranial hematoma in all patients with mild head 
injury who have had any question of loss of conscious-
ness and who also have any of the following: focal 
neurologic fi ndings, headache, vomiting, age older than 
60 years, drug or alcohol intoxication, anterograde am-
nesia, physical evidence of trauma above the clavicles, 
or seizures.28 Although defi nitive criteria have not been 
established for those who have had no loss of con-
sciousness, it is probably wise to obtain a computed 
tomographic scan or magnetic resonance imaging study 
for anyone who continues to have signifi cant problems 
(headaches, lethargy, confusion, or anterograde mem-
ory loss), has focal neurologic fi ndings, and has not 
had any neuroimaging acutely. Functional neuroimag-
ing has not yet been studied thoroughly enough to be 
used to answer clinical questions after mild traumatic 
brain injury.

Cervical spine radiography should be performed on 
patients with signifi cant neck pain shortly after the ac-
cident to assess for fracture or subluxation.

Neuropsychological evaluation should be performed if 
forgetfulness and attention defi cits persist, particularly 
when rehabilitation therapies are to be pursued. Testing 
can provide the patient and the treatment team with a 
more thorough understanding of the patient’s neuropsy-
chological strengths and weaknesses and in some in-
stances can assist with understanding of the interplay 
between neurocognitive and other psychological contri-
butions to cognitive disturbance. Tests for assessment of 
malingering and symptom magnifi cation can be incor-
porated when necessary. It is useful for sports teams to 
have their players undergo at least brief baseline cogni-
tive testing or, if the resources are available, formal neu-
ropsychological testing so that any changes can be iden-
tifi ed in cases of subtle symptoms after the concussion.3

A sleep study (polysomnography) is indicated to rule 
out sleep apnea and other disorders when excessive 
daytime sleepiness does not improve despite the ab-
sence of sedating medications. The threshold for ob-
taining polysomnography should be lower for obese 
patients and those who snore prominently.

When vestibular complaints are prominent or are not 
improving in the early months after the injury, a thor-
ough vestibular evaluation, including electronystag-
mography, may be indicated. Audiologic evaluations 
should be done when hearing loss is suspected or when 
tinnitus persists.23

Ophthalmology or optometry evaluation by someone 
with particular expertise in visual problems related to 
brain injury should be considered when visual symp-
toms are present.

TREATMENT
Initial
Treatment depends on the specifi c constellation of 
symptoms and their severity. In general, if the patient is 
seen in the fi rst few weeks after the injury, the major 

emphasis is placed on caring for acute problems with 
vertigo, headache, neck pain, and insomnia and on edu-
cating the patient and signifi cant others. Explanations 
should integrate the physical, cognitive, and psycho-
logical dimensions of the symptoms in as clear and 
simple a manner as possible. This is no small task, given 
the diversity of symptoms and possible causes and our 
limited understanding of post-concussion disorders at 
this time. Some patients are very sensitive to discussions 
of psychological etiology and may not return if they 
think that this has been overemphasized. The patient’s 
experience, including the psychological reactions, 
should be validated and normalized.16 The patient 
should be told that improvement is to be expected; after 
milder concussions in young people with no history of 
previous concussion, attention defi cit disorder, or learn-
ing disability, reasonable reassurance should be given 
that a good recovery is likely without dismissing what 
the patient is experiencing. Establishment of a reason-
able expectation for recovery can be helpful in prevent-
ing persistent post-concussion disorder.29 Anticipation 
of the psychological reactions to post-concussion symp-
toms that occur in some patients allows the patient to 
recognize these reactions if they begin and leaves the 
door open for the individual to seek psychological help. 
Follow-up should be planned and more extensive coun-
seling provided at the fi rst signs of signifi cant distress 
and should be considered if substantial improvement is 
not seen within 3 months even without apparent psy-
chological turmoil. Patients with signifi cant symptoms 
should be instructed to take time off from work, school, 
or other taxing activities, as the attentional demands 
and accompanying psychological stresses of attempting 
to perform under these circumstances can exacerbate 
the symptoms.18

Athletes should not go back to competitive sports until 
they are free of symptoms and have gone through a 
program of graded exertion symptom free. Those with 
complex concussion should move through this program 
more slowly than those with simple concussion.3 (See 
section on potential disease complications.)

Acute vertigo may require a few days of bed rest.23

The management of acute neck pain is described in 
Chapter 5.

Differential Diagnosis6,18,26

Depressive disorders

Anxiety disorders

Somatoform disorder

Whiplash injury with headache (myofascial pain 
syndrome)

Sleep apnea

Early progressive dementia

Malingering and symptom magnifi cation
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Rehabilitation

Cognitive

If symptoms persist, patients may benefi t from speech or 
occupational therapy for cognitive restoration and/or to 
learn strategies for managing problems with arousal, at-
tention, memory, and executive function. The timing of 
therapies depends on the severity of the disability and the 
pace of recovery, which can often be determined within 
the fi rst 3 months after injury. There are no published data 
on the timing of these interventions, and no specifi c 
guidelines are available that address the use of restorative 
versus compensatory approaches. Therapies should ad-
dress the specifi c functional tasks that the individual faces 
on a daily basis and may need to include community out-
ings. Foam earplugs or sunglasses can be tried for those 
sensitive to noise and light, respectively.26 Paper or elec-
tronic memory aids may be helpful. Psychostimulants (e.
g., methylphenidate, 5 to 60 mg/day; amphetamines, 5 to 
60 mg/day) and other drugs that treat attentional and 
arousal disorders (e.g., atomoxetine, 10 to 100 mg/day; 
donepezil, 5 to 10 mg daily; modafi nil, 100 to 400 mg 
daily), including dopaminergic drugs and NMDA recep-
tor blockers (e.g., amantadine, 100 to 400 mg/day; me-
mantine, 5 to 20 mg/day) may be useful for reducing the 
extent of attention defi cits and underarousal.30 When 
sleep apnea is contributing to attentional or arousal prob-
lems, positive airway pressure therapy is indicated.

Psychological

If symptoms persist beyond a few months, psychological 
counseling is almost always indicated. Some individuals 
benefi t from learning relaxation techniques and sleep 
hygiene. Education of the patient and signifi cant others 
should continue to emphasize the interaction between 
the cognitive, psychological, and physical sequelae. It is 
important that the treatment team communicate on a 
regular basis for treatment planning and to ensure that 
all clinicians approach these issues from a common 
framework so that mixed messages are not delivered to 
the patient. Support groups are often useful as well and 
offer an opportunity for further education about the 
various contributing factors. Cognitive-behavioral ther-
apy can be helpful in concert with other treatments31

even when symptoms do not seem to be explained by 
the medical condition.32 Family counseling should be 
offered when there is evidence of signifi cant stress on 
family members or problematic family dynamics.

Depression and anxiety can also be addressed pharma-
cologically, usually simultaneously with counseling in-
terventions. It is usually best to begin with nonsedat-
ing, non-anticholinergic agents, such as the selective 
serotonin reuptake inhibitors (e.g., citalopram, 20 to 
60 mg/day) to avoid further exacerbation of neuropsy-
chological problems.30 Sedating agents such as trazo-
done (50 to 300 mg at bedtime), zolpidem (5 to 10 mg 
at bedtime), or eszopiclone (2 to 3 mg at bedtime) may 
be necessary for those with signifi cant insomnia20,30 if 
treatment of depression and anxiety and sleep hygiene 
approaches are not successful.

Headaches

Post-traumatic headaches can have a number of differ-
ent causes and may be multifactorial.17-23 They are 
therefore best addressed on multiple levels, with the 
emphasis depending on the headache type. Treatment 
of problems with attention, sleep disorders, and psy-
chological stresses may reduce the tension component 
of headaches. Relaxation techniques, including electro-
myographic biofeedback, can be taught. When myofas-
cial pain originating in the neck, upper back, or tem-
poromandibular joints contributes, physical therapy 
including stretching and strengthening exercises, pos-
tural retraining, environmental modifi cation, trigger 
point massage, modalities, electromyographic biofeed-
back, and massage should be tried (see Chapter 94). 
However, headaches often persist despite these interven-
tions. Trigger point injections can be helpful, as can 
pharmacologic approaches. Patients with temporoman-
dibular joint problems can be treated with myofascial 
techniques, mouth guards, and exercises (see Chapter 
96). Those headaches with an apparent vascular com-
ponent may respond to acetaminophen, nonsteroidal 
anti-infl ammatory drugs, or vasoconstrictive agents 
commonly used to abort migraine headaches (e.g., 
sumatriptan). Overuse of these agents can cause re-
bound headaches. For prophylaxis, some � blockers 
(e.g., propranolol), calcium channel blockers (e.g., ve-
rapamil), antidepressants (e.g., amitriptyline, nortripty-
line, venlafaxine), and anticonvulsants (particularly val-
proic acid) can be helpful. Tension headaches may 
respond to some of these agents as well, although not 
to calcium channel blockers. Injection of local anesthet-
ics and corticosteroids can be considered for greater or 
lesser occipital neuralgia that does not respond to more 
conservative approaches. Injection should be done at 
the site along the nerve that replicates the headache 
when it is palpated.20,21,33

Vestibular

When vestibular symptoms persist beyond 3 months, 
vestibular rehabilitation may both encourage central ner-
vous system accommodation under controlled circum-
stances and assist the patient in learning compensatory 
strategies.34 Canolith repositioning maneuvers may bring 
relief from benign paroxysmal positional vertigo by dis-
placing and dispersing calcium stones.35 Suppressive 
medications (e.g., clonazepam, scopolamine, meclizine) 
should be used judiciously, if at all, when other ap-
proaches have failed.23 The evidence for their effi cacy is 
not strong, and they can cause worsening of problems 
with attention and memory. Cervicogenic dizziness can 
be treated by addressing the underlying cervical musculo-
skeletal problems (see Chapter 7).

Vocational

The extent to which an employer or academic institu-
tion is supportive after a mild traumatic brain injury can 
be crucial to successful return to work for those with 
persistent post-concussion disorder. Vocational coun-
selors can facilitate communication between the patient 
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and the workplace. Therapies should attempt to simu-
late workplace tasks. A gradual return to work can ease 
the transition.16

Procedures
Procedures are discussed in the previous sections.

Surgery
There is little that can be done surgically to manage 
post-concussion disorders. However, when a perilymph 
fi stula is suspected as the cause of severe vertigo or dis-
equilibrium, and it does not resolve with an extended 
period of activity restriction, surgical exploration and 
repair should be considered. The diagnosis is diffi cult 
to make and is largely dependent on history. Pressure-
induced vertigo or disequilibrium should raise suspi-
cion. Sensorineural hearing loss is often present as well. 
Surgery consists of a graft of fascia, perichondrium, or 
fat fi xed to the opening in the round and/or oval win-
dow with a fi brin glue. Various materials and solutions 
are sometimes used to augment and buttress the graft. 
Limited activity and avoidance of lifting, bending, and 
straining are recommended for several weeks after the 
procedure. The literature on outcomes is limited to case 
series, with success rates ranging from 82% to 95% for 
vestibular symptoms and from 20% to 49% for hearing 
loss. Recurrence rates are reported at 8% to 27%, but 
others believe the recurrence rate is considerably higher, 
as much as 67%.36-40

POTENTIAL DISEASE COMPLICATIONS
Persistence of post-concussion disorders beyond a few 
months is a possible outcome. Such patients may present 
primarily as having a chronic pain problem or chronic 
depression.

Individuals who sustain a second concussion while still 
symptomatic from a recent concussion may be suscep-
tible to cerebral edema and dangerous increases in in-
tracranial pressure (“second impact syndrome”). Multi-
ple concussions, even after apparent clinical recovery 
from earlier episodes, can result in cumulative brain 
injury. Thus, caution must be exercised by those respon-
sible for returning athletes to play.41

POTENTIAL TREATMENT 
COMPLICATIONS
Those treating the patient with post-concussion disor-
ders may contribute to the persistence of symptoms 
either by overemphasizing the role of brain injury in 
causing symptoms due to other etiologic factors or, 
conversely, by overemphasizing psychological factors 
when brain injury and other physiologic variables are 
prominent.16,18 There is often a fi ne line to be walked, 
and each patient must be approached individually in 
this regard, although few data are available to guide the 
clinician.
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DEFINITION
Psoriatic arthritis, a unique infl ammatory arthritis associ-
ated with psoriasis, occurs in approximately 5% to 40% 
of patients with psoriasis and 0.3% to 1% of the general 
population.1-3 Approximately 20% of patients with pso-
riatic arthritis develop a destructive and potentially dis-
abling disease.2 Several diagnostic criteria have been 
proposed for this disease; however, consensus is yet to be 
reached.4 Patients generally present with an infl amma-
tory arthritis, absence of rheumatoid factor, and psoriatic 
skin disease. Unlike with rheumatoid arthritis, there is an 
equal sex distribution. The onset of arthritis, however, 
can coincide with or precede the onset of skin disease.

Several patterns or subgroups of psoriatic arthritis are 
recognized: symmetric arthritis similar to rheumatoid 
arthritis; infl ammatory arthritis confi ned to the distal 
interphalangeal joints of the hands and feet; arthritis 
mutilans; spondyloarthropathy (spondylitis and sacro-
iliitis); and oligoarticular arthritis.5

SYMPTOMS
Patients report a variety of constitutional, joint, eye, and 
skin symptoms.5-9

General
Morning stiffness is a prominent feature of psoriatic 
arthritis. Unlike the brief stiffness (5 to 10 minutes) that 
occurs in patients with osteoarthritis, the morning stiff-
ness in psoriatic arthritis is longer than 30 to 60 minutes 
and often lasts for hours. Fatigue and generalized mal-
aise are also common complaints.

Joint
Patients present with joint pain and swelling. Patients 
may also complain of loss of joint function, which may 
be due to joint infl ammation or structural damage. 
Baker’s cyst can develop and cause pain or swelling of 
the popliteal fossa. If the cyst ruptures, it causes pain, 
swelling, and erythema of the calf. Back pain and stiff-
ness can be prominent features of the history. Enthesi-
tis, infl ammation at the site of tendon or ligamentous 
insertion onto bone, is common in psoriatic arthritis. 
Achilles enthesitis results in pain at the heel, and plan-
tar fasciitis causes plantar foot pain that is typically 
most intense on rising in the morning.

Eye
Patients with conjunctivitis complain of red eyes. Iritis 
causes deep pain and tearing. As in rheumatoid arthri-
tis, patients can have keratoconjunctivitis sicca (dry 
eyes) and relate a feeling of foreign body sensation, 
burning, or discharge.

Skin
Psoriasis is present in 90% of patients at the time of 
diagnosis of psoriatic arthritis. The arthritis, however, 
may precede the onset of skin disease. Patients who do 
not have psoriasis at the time of diagnosis may have had 
a history or a family history of psoriasis.4

PHYSICAL EXAMINATION
All joints are examined for swelling, warmth, effusion, 
range of motion, and deformity. Psoriatic arthritis 
can present in several different clinical patterns 
(Table 139-1).5,6 Any joint can be involved. If patients 
do not relate a history of psoriasis, the examiner 
should perform a careful examination of the scalp, 
fl exural regions, and nails (onycholysis, pitting, or 
hyperkeratosis).

In the hands, distal interphalangeal joint involvement is 
associated with psoriatic nail changes. Dactylitis is the 
result of digital joint and tendon sheath infl ammation 

Synonyms
Infl ammatory arthritis associated with psoriasis
Spondyloarthropathy associated with psoriasis
Seronegative spondyloarthropathy

ICD-9 Code
696.0 Psoriatic arthropathy
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and causes a diffusely swollen (sausage) digit. Infl am-
mation of the Achilles tendon or its insertion site on the 
calcaneus can cause tenderness or thickening.

Patients with conjunctivitis will have red, injected sclera. 
Iritis causes pericorneal erythema (ciliary fl ush) and 
miosis.

FUNCTIONAL LIMITATIONS
Functional limitations depend on the location and se-
verity of joint involvement. The criteria for the assess-
ment of functional status that have been established for 
rheumatoid arthritis are also applied to patients with 
psoriatic arthritis (see Chapter 142). These criteria are 
based on activities of daily living, including self-care 
(dressing, feeding, bathing, grooming, and toileting) 
and vocational (work, school, and homemaking) and 
avocational (recreational and leisure) activities.9

DIAGNOSTIC STUDIES
Laboratory studies may reveal anemia of chronic dis-
ease and an elevated sedimentation rate. Joint fl uid is 
infl ammatory (more than 2000 white blood cells) with 
negative cultures and crystal examination. Rheumatoid 
factor is usually absent. In patients with rheumatoid 
factor, the coexistence of psoriasis and rheumatoid ar-
thritis must be considered, especially if the pattern is a 
symmetric polyarthritis. Absence of anti–cyclic citrulli-
nated peptide antibodies may also be helpful in increas-
ing the diagnostic certainty in the appropriate patient.3
In the spondylitic form, 25% of patients are HLA-B27 
positive.8

Radiographs can assist in the evaluation of both axial 
and peripheral involvement.6,10 Spine fi lms may show 
syndesmophytes, although they often spare the thoraco-
lumbar junction and are “chunky,” helping to distin-

guish them from the changes of ankylosing spondylitis. 
Cervical spine views may show erosion of the odontoid 
and atlantoaxial subluxation. Radiologic evaluation of 
peripheral joints can help distinguish this form of 
arthritis from rheumatoid arthritis. Psoriatic changes 
include distal interphalangeal joint involvement, oste-
olysis (metacarpals and phalanges), joint ankylosis, 
periostitis, and pencil-in-cup deformity. Bone prolifera-
tion may be found in the pelvis and calcaneus, corre-
sponding to enthesitis. Utility of magnetic resonance 
imaging in the management of psoriatic arthritis is 
being increasingly recognized.11,12

TABLE 139-1 Joint Involvement

Pattern or Subgroup Clinical Features

Symmetric polyarthritis (rheumatoid 
arthritis–like)

Small joints of hands and feet, wrists, ankles, elbows, or knees (may include distal interphalangeal 
joint, distinguishing it from rheumatoid arthritis)

Seronegative

Distal interphalangeal joint involvement Infl ammatory changes in the distal interphalangeal joints

High association with psoriatic nail changes (onycholysis and pitting)

Arthritis mutilans Severe resorptive arthritis resulting in fl oppy or fl ail digits

Shortening of the digits with skin folds that can be extended by the clinician (telescoping)

Spondyloarthropathy Spondylitis

Sacroiliitis

Enthesitis

Oligoarthritis Large joint (e.g., knee)

One or two small joints of hands or feet

Dactylitis (sausage digit)

Differential Diagnosis

Other spondyloarthropathies

Enteropathic arthritis

Ankylosing spondylitis

Rheumatoid arthritis

Crystal-induced arthritis (especially with distal 
interphalangeal joint involvement)

Gout

Pseudogout

Asystemic lupus erythematosus

TREATMENT
Initial
The approach to treatment is generally the same as 
for other spondyloarthropathies.13,14 Nonsteroidal 
anti-infl ammatory drugs (NSAIDs) are effective in 
many patients. Cyclooxygenase 2 (COX-2)–specifi c 
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anti-infl ammatories may reduce the incidence of gas-
trointestinal symptoms in patients who have a history 
of bleeding or who are intolerant of traditional 
NSAIDs. For patients with inadequate response or 
progressive, erosive disease, disease-modifying anti-
rheumatic drugs should be initiated. Antimalarials, 
intramuscular administration of gold, sulfasalazine, 
azathioprine, methotrexate, lefl unomide, and cyclo-
sporine have all been shown to be effective.15-17 As 
with other infl ammatory arthritides, combination 
therapy can be effective. Biologic agents such as anti–
tumor necrosis factor antibodies (etanercept, infl ix-
imab, adalimumab) have been proven to be effective 
in the control of psoriatic skin lesions as well as signs 
and symptoms of arthritis and in the prevention 
of structural damage in involved joints.15-18 Cortico-
steroids can be very useful and can be administered 
systemically as a bridge to therapy with disease-
modifying antirheumatic drugs or intra-articularly for 
monarticular or oligoarticular involvement.

Photochemotherapy (PUVA) used by the dermatologist 
for skin disease can sometimes improve peripheral joint 
involvement but does not affect axial disease.8

Rehabilitation
Approaches to rehabilitation are identical to those in 
rheumatoid and other infl ammatory arthritis. The role 
of occupational and physical therapy may be different 
in early or established disease and end-stage disease. In 
early disease, occupational therapy is directed toward 
education of the patient about how to minimize joint 
stress in performing activities of daily living. Splints 
may be employed to provide joint rest and to reduce 
infl ammation. Splints may also allow functional use of 
joints that would otherwise be limited by pain. Paraffi n 
baths can provide relief of pain and stiffness in the 
small joints of the hands. In end-stage disease, the oc-
cupational therapist plays an important role, providing 
aids and adaptive devices, such as raised toilet seats, 
special chairs and beds, and special grips, that can assist 
in self-care.

Physical therapy can be very helpful in reducing joint 
infl ammation and pain. The therapist may employ a 
variety of techniques, including the application of 
heat or cold, transcutaneous nerve stimulation, and 
iontophoresis. Water exercise (hydrotherapy) is used 
to increase muscle strength without joint overuse. In 
patients with foot involvement, such as dactylitis, a 
high toe box or extra-depth shoe may decrease pain 
and provide a more normal gait. Shoe inserts are often 

used in Achilles tendinitis and plantar fasciitis. For 
patients with axial involvement, the goal of therapy is 
maintenance of a normal upright posture through 
stretching of paravertebral musculature and correction 
of the tendency toward kyphotic posture. In end-stage 
disease, the goals of therapy are to reduce joint in-
fl ammation, to loosen fi xed position of joints, to im-
prove the function of damaged joints, and to improve 
strength and general condition. Local immobilization 
may reduce infl ammation and pain. Nonfi xed con-
tractures may be prevented or improved with periods 
of splinting combined with goal-oriented exercise. 
Muscle strength and overall conditioning may be im-
proved by static, range of motion, and relaxation exer-
cises. In recent years, aerobic and dynamic strengthen-
ing exercises have been used without detrimental 
effect to the joints. These dynamic exercises are more 
effective in increasing muscle strength, range of mo-
tion, and physical capacity.19 The motivation and en-
couragement provided by the therapist should not be 
underestimated.

Procedures
For monarticular or oligoarticular involvement, local 
steroid injection may be used when NSAIDs fail to con-
trol joint infl ammation.

Surgery
Orthopedic intervention, including joint replacement, 
tendon repair, and synovectomy, may be indicated. Pa-
tients with suspected or confi rmed cervical spine in-
volvement will need special consideration and handling 
during intubation for anesthesia.

POTENTIAL DISEASE COMPLICATIONS
Psoriatic arthritis can lead to progressive damage to 
joints, including ankylosis, resulting in lack of function. 
Ankylosis of the spine, together with osteoporosis, in-
creases the susceptibility to fracture. Ruptured tendons 
result secondary to chronic enthesitis. Infl ammatory eye 
disease sometimes results in visual loss.

POTENTIAL TREATMENT 
COMPLICATIONS
Medication side effects vary according to the drug used 
(Table 139-2).20
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TABLE 139-2  Toxicities of Medications Used 
in Psoriatic Arthritis

Medication Side Effects

NSAIDs

Traditional Dyspepsia, ulcer, or bleeding
Renal insuffi ciency
Hepatotoxicity
Rash

COX-2 inhibitors Same as traditional NSAIDs, but gastro-
intestinal side effects occur less often

No platelet effect

Glucocorticoids Increased appetite, weight gain
Cushingoid habitus
Acne
Fluid retention
Hypertension
Diabetes
Glaucoma, cataracts
Atherosclerosis
Avascular necrosis
Osteoporosis
Impaired wound healing
Increased susceptibility to infection

Antimalarials Dyspepsia
Hemolysis (glucose-6-phosphate 

dehydrogenase–defi cient patients)
Macular damage
Abnormal skin pigmentation
Neuromyopathy
Rash

Gold Myelosuppression
Proteinuria or hematuria
Oral ulcers
Rash
Pruritus

Sulfasalazine Myelosuppression
Hemolysis (glucose-6-phosphate 

dehydrogenase–defi cient patients)
Hepatotoxicity
Photosensitivity, rash
Dyspepsia, diarrhea
Headaches
Oligospermia

Azathioprine Myelosuppression
Hepatotoxicity
Pancreatitis (rarely)
Lymphoproliferative disorders 

(long-term risk)

Methotrexate Hepatic fi brosis, cirrhosis
Pneumonitis
Myelosuppression
Mucositis
Dyspepsia
Alopecia

Cyclosporine Renal insuffi ciency
Hypertension
Anemia

Biologic anti–tumor 
necrosis-� agents

Increased risk of infections, including 
tuberculosis
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DEFINITION
The development of pressure ulcers due to tissue 
breakdown and cell necrosis is a signifi cant secondary 
complication for many patients, including those with 
progressive neuromuscular disease, the elderly, and 
those with impaired mobility or paralysis. Tissue 
breakdown is referred to by many terms, including 
decubitus ulcers, pressure sores, ischemic sores, and 
bedsores. The term pressure ulcer is the most accurate 
nomenclature to describe both the cause and nature of 
chronic, nonhealing wounds due primarily to exces-
sive applied pressure. This term is used throughout the 
chapter.

Staging of pressure ulcers describes the extent of tissue 
breakdown at initial examination. A widely accepted 
staging system based on the pathologic features of pres-
sure ulcers was initially developed by Shea.1 A modifi ed 
version was recommended by the Agency for Health 
Care Policy and Research in the clinical practice guide-
line for treatment of pressure ulcers2:

Stage I nonblanchable erythema of intact skin, the her-
alding lesion of skin ulceration. In individuals with 
darker skin, discoloration of the skin, warmth, edema, 
induration, and hardness may also be indicators.

Stage II partial-thickness skin loss involving epidermis, 
dermis, or both. The ulcer is superfi cial and presents 
clinically as an abrasion, blister, or shallow crater.

Stage III full-thickness skin loss involving damage to or 
necrosis of subcutaneous tissue that may extend down 
to, but not through, underlying fascia. The ulcer pre-
sents clinically as a deep crater with or without under-
mining of adjacent tissue.

Stage IV full-thickness skin loss with extensive destruc-
tion; tissue necrosis; or damage to muscle, bone, or sup-
porting structures (e.g., tendon, joint capsule). Under-
mining and sinus tracts also may be associated with 
stage IV pressure ulcers.

This staging system can be used only for initial descrip-
tion of the wound. It cannot be used for repeated assess-
ments, primarily because it cannot characterize what is 
happening in a healing wound. Reepithelization will 
occur before lost muscle, subcutaneous fat, or dermis is 
replaced,3 resulting in mistakes when healed wounds 
are staged again.

Care must also be taken in the evaluation of the skin of 
patients with darkly pigmented skin. Sprigle and col-
leagues4 found that erythema in subjects with dark skin 
is more likely to be nonblanching and to have poor resil-
ience. This indicates that clinicians should use persistence 
of erythema rather than blanching status to judge incipi-
ent pressure ulcers. The staging system defi ned here in-
cludes both visual and nonvisual indicators in the defi ni-
tion of a stage I ulcer, in part to address this issue.

The National Pressure Ulcer Advisory Panel has pub-
lished recommendations that address limitations re-
ported by clinicians with use of the Agency for Health 
Care Policy and Research staging system.5,6 Differential 
description of pressure ulcers that develop subsequent 
to deep tissue damage under intact skin rather than by 
more superfi cial infl ammatory responses should be in-
cluded in the initial defi nition of the pressure ulcer and 
is relevant to both prognosis and clinical treatment.

The incidence of pressure ulcers among patients in 
acute care hospitals ranges from 1% to 33%, with 
prevalence rates of 3% to 69%.7-13 Higher rates have 
been associated with increasing age and duration of 
hospital stay in the elderly.14 In those with spinal cord 
injury, individuals with paraplegia are more likely to be 
rehospitalized because of pressure ulcers.15 The preva-
lence of pressure ulcers on admission to skilled nursing 
facilities ranges between 15% and 25%.16 A long-term 
study of pressure ulcer incidence in the State of 
Washington found that during the period 1987–2000, 
the incidence of pressure ulcers had more than doubled; 
however, the authors thought that this might be because 

Synonyms
Pressure sores
Bedsores
Decubitus ulcers

ICD-9 Code
707.0 Decubitus ulcer, pressure ulcer
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pressure ulcers are now being reported in a more thor-
ough manner.17 In addition, Gunningberg and Ehren-
berg18 found that pressure ulcer prevalence determined 
by audit of clinical records is less than 50% of the rate 
found when the patient’s skin is examined. This high-
lights the importance of accurate wound documenta-
tion. The use of electronic records may allow digital 
images of wounds to be incorporated into the patient’s 
records routinely.

A consideration of the risk factors in pressure ulcer de-
velopment is of vital importance because they contrib-
ute to the development of treatment and rehabilitation 
strategies. There are many factors that can lead to the 
development of pressure ulcers. These can be classifi ed 
as extrinsic factors primarily related to the interface be-
tween the individual and the external environment and 
intrinsic factors related to the clinical and physiologic 
profi le of the individual (Table 140-1). Changes in clini-
cal status over time can alter intrinsic factors and can 
increase the risk for pressure ulcer development. For ex-
ample, urinary incontinence will alter the microenviron-
ment of the skin surface and make it more susceptible to 
maceration and breakdown. Changes in environmental 
factors, such as the seating system used, will alter exter-
nal factors that affect pressure ulcer risk status.

Intrinsic Risk Factors
Intrinsic risk factors in pressure ulcer development are a 
direct consequence of impairment. Reduced muscle ac-
tivity and paralysis lead to loss of muscle bulk, thus re-
ducing soft tissue coverage over the bone prominences 
of the pelvic region. As muscle bulk decreases, so re-
gional vascularity diminishes and the proportion of 
avascular fatty tissue increases. Loss of normal muscle 
tone leads to abnormal responses to environmental 
stimuli, such as applied pressure, thus increasing the 
risk for blood fl ow to become compromised.

Motor paralysis will also directly affect a person’s ability 
to respond unconsciously to potential noxious stimuli 
(e.g., fi dgeting while sitting or turning while asleep). 
Reduced mobility also profoundly alters the individual’s 
ability to consciously perform postural maneuvers nec-
essary to relieve prolonged applied pressure, from weight 
shifting while sitting to walking. The loss or reduction of 
mobility may be further complicated by sensory impair-
ment, leading to the absence or alteration of normal 

perception of environmental stimuli, such as pain or 
temperature. Patients with impaired sensation or pro-
prioception are at increased risk for pressure ulcer devel-
opment because the individual cannot sense the warn-
ing signals that precede tissue damage.

The malnourished patient is at increased risk for pres-
sure ulcer development and will also have an impaired 
response to healing. Normal tissue integrity depends on 
correct nitrogen balance and vitamin intake. Protein 
depletion will lead to decreased perfusion and impaired 
immune response. The presence of an exuding pressure 
ulcer will cause massive protein loss, and the patient 
will move into increasingly negative nitrogen balance. 
The severity of a pressure ulcer can be directly related to 
the degree of hypoalbuminemia.19 Fluid balance must 
also be considered in conjunction with nutritional sta-
tus because dehydration will decrease cellular nutrient 
delivery.

Extrinsic Risk Factors
The primary extrinsic risk factor in pressure ulcer devel-
opment is external applied pressure. Body tissues can 
support high levels of hydrostatic pressure, such as in 
deep sea diving. When pressure is the same in all direc-
tions, there is no resulting tissue damage. However, non-
uniform applied pressures cause tissue distortion, lead-
ing to localized tissue damage.20 This will occur when a 
patient is in contact with an external load-supporting 
device, such as a bed or wheelchair. The pressure at the 
interface between the patient and the support surface 
must be maintained at a level such that the local blood 
supply and lymphatic circulation are not impaired. This 
threshold varies between individuals, and a specialized 
support system is often required in high-risk individuals, 
such as acute spinal cord–injured patients.

Any external load that can cause tissue distortion is also 
likely to cause shear stresses. When only shear forces are 
present, slipping occurs, and tissue damage will be 
minimized. However, shear and normal applied loads 
generally tend to occur together. The normal applied 
load required to occlude blood fl ow can be halved 
when shear forces are also present. Signifi cant clinical 
problems can arise from propping patients up in bed at 
angles of less than 90 degrees. In contrast, in the side-
lying position, it has been found that blood fl ow is se-
verely impaired by fully lying on the trochanteric re-
gion; but at a partial 30-degree side-lying position, 
blood fl ow is maintained.21

SYMPTOMS
The primary symptom of a pressure ulcer is an area of 
persistent tissue breakdown involving the skin and un-
derlying tissues. The severity of pressure ulcers has tradi-
tionally been characterized by the extent of breakdown, 
from grade I (least severe) to grade IV (most severe).2

All pressure ulcers are associated with some degree of 
bacterial colonization, which may or may not lead to 
local wound infection. The possible clinical signs and 

TABLE 140-1  Risk Factors in Pressure Ulcer 
Development

Extrinsic Factors Intrinsic Factors

Applied pressure Reduced or absent sensation

Surface shear Impaired mobility

Local microenvironment Decreased blood fl ow

Muscle atrophy

Poor nutrition
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symptoms of local infection include increasing pain in 
the wound; erythema, edema, and heat of the periwound 
area; foul odor; and purulent drainage.22 Individuals 
with spinal cord injury may not have intact sensation; in 
such cases, infected wounds are painless but can cause 
systemic responses, such as autonomic dysrefl exia.

Pressure ulcers also frequently exhibit wound drainage. 
However, this drainage is not necessarily due to wound 
infection, and unless it is clinically indicated, routine 
wound swab culture is not warranted23 because this 
would give a false-positive result. On the other hand, in 
some cases, increased volumes of exudate may indicate 
wound infection.

Systemic infection may develop if the initial local wound 
infection is not adequately treated. In such cases, pa-
tients may exhibit fever, malaise, and chills. Cellulitis, 
osteomyelitis, and bacteremia may also develop.

PHYSICAL EXAMINATION
Physical examination for a pressure ulcer starts with the 
overall assessment of the risk factors of the individual 
and his or her environment. On the general examina-
tion, evaluation of overall strength, muscle tone, spas-
ticity, range of motion, and presence of contractures is 
important. Abnormalities in these areas can contribute 
to both the development and the persistence of pressure 
ulcers. In addition, it is important to note whether the 
individual is malnourished, anemic, incontinent of fe-
ces or urine, cognitively impaired, or immobile from 
medical conditions such as stroke or spinal cord injury 
as well as whether appropriate pressure-relieving sur-
faces for seating and sleeping have been used. The 
Braden Scale is a commonly used nursing risk assess-
ment tool to determine whether an individual is at risk 
for pressure ulcer development.24 An individual with a 
score of 18 or lower is found to be at risk.

A systematic approach to the examination of the pres-
sure ulcer is necessary to provide accurate assessment 
and monitoring of the pressure ulcer. The following 
parameters are to be noted:

 ● Location of the ulcer
 ● Size of the pressure ulcer (length to be measured 

as the maximum measurement craniocaudally; 
width as the maximum measurement from side 
to side; depth to be measured at the deepest part 
of the wound perpendicular to the skin surface)

 ● Staging of the ulcer
 ● Presence of undermining or tunneling
 ● Ulcer bed appearance
 ● Presence of necrotic materials, slough, eschar, fi -

brous tissues
 ● Presence of rolled wound edges
 ● Presence and amount of drainage (exudate versus 

transudate)
 ● Presence of foul odor
 ● Tissue health of the periulcer tissues, including 

any surrounding erythema, maceration, edema, 
or associated fungal infection

Proper staging combined with the overall assessment 
forms the basis for institution of a treatment plan and 
monitoring of progress.19

Manual measurement of the wounds by length, width, 
and depth is the conventional method, but there is poor 
interrater reliability and the actual surface area of the 
wound is not known. Newer electronic technologies 
have allowed more accurate documentation and mea-
surements of the surface areas. For instance, the Visitrak 
device allows easy measurement of wound surface area 
by a tracing method (Fig. 140-1); the VeV MD software 
provides digital imaging documentation of the wound 
as well as calculation of the surface area by planimetry 
(Fig. 140-2).

Once a pressure ulcer develops, it must be examined 
regularly for treatment progress to be monitored. At 
the minimum, weekly assessments should be per-
formed to ensure that the treatment plan is having the 
desired effect.

FIGURE 140-1. Visitrak wound measurement device. (Courtesy of Smith 
& Nephew, Largo, Fla.)

FIGURE 140-2. VeV MD wound measurement system. (Courtesy of 
Vista of Medical Ltd.,  Manitoba, Canada.)
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FUNCTIONAL LIMITATIONS
If a pressure ulcer develops, functional limitations are 
generally exacerbated. For example, a wheelchair user 
who develops an ischial region pressure ulcer will lose 
mobility independence because treatment requires pro-
longed periods of total bed rest. Less obvious is a 
hemiplegic patient who always rolls and pivots to one 
side to get out of bed; if a greater trochanter pressure 
ulcer develops on the side that is aggravated by the pres-
sure, shear, and friction of getting out of bed, either that 
individual will be limited in being able to get out of bed 
independently or a new technique must be explored.

The development and location of a pressure ulcer may 
sometimes give an indication of changes in the patient’s 
mood and activity level. For example, an active wheel-
chair user may develop an ischial region pressure ulcer 
from sitting for long periods without adequate pressure 
relief. However, if that same individual presented with a 
trochanteric pressure ulcer, most likely due to lying in 
bed for long periods, the clinician would question 
whether the patient is depressed and not getting up and 
about. Changes in body mass should also be evaluated 
to determine whether the wheelchair and cushion are 
still appropriate; if a patient gains weight, the wheel-
chair and cushion can become too narrow, and in-
creased pressures may develop at the greater trochan-
teric areas because of impingement.

The development of a pressure ulcer will affect many 
aspects of a patient’s daily living activities. Patients in 
active rehabilitation programs may not be able to par-
ticipate in therapy; independent mobility and transfers 
will be restricted, and it may not be possible for appro-
priate bracing or orthotics to be worn.

DIAGNOSTIC STUDIES
It is well accepted that malnutrition is linked to both 
the development of pressure ulcers and their ability to 
heal. A nutritional assessment that indicates malnutri-
tion is a serum albumin level of less than 3.5 g/L, total 
protein level of less than 6.4 g/dL, or body weight de-
creased by more than 15% since the prior assessment. 
Prealbumin has a short half-life of only 2 or 3 days. 
Prealbumin concentration is an even more sensitive 
measure than serum albumin level and should be ob-
tained in the determination of acute response to nutri-
tional intervention. A nutritional assessment should be 
repeated every 12 weeks.19 It has been proposed that the 
Mini Nutritional Assessment tool may be a reliable 
questionnaire-based approach to obtain repeated evalu-
ations in the elderly.25

Anemia is another important factor that may affect pres-
sure ulcer healing. Hemoglobin level below 12.0 g/dL 
has been associated with impaired wound healing be-
cause of reduced tissue oxygenation.26

Once a patient has a pressure ulcer, the determination 
of whether bacterial infection, underlying osteomyeli-
tis, related abscess, or sinus tracts are hindering the 

healing process becomes important. There are many 
studies that can help us determine the diagnosis of os-
teomyelitis. High serum erythrocyte sedimentation rate 
and C-reactive protein level, although nonspecifi c, may 
be an indication of osteomyelitis. Plain radiography of 
the underlying bone, computed tomography, bone 
scan, and magnetic resonance imaging can all be used 
to better assess the underlying and surrounding tissue 
and bones for possible associated complications. The 
proper imaging for each patient depends on the history 
and desired focus of the study. The most defi nitive and 
yet most invasive diagnostic study is bone biopsy. This 
can be done either bedside with a needle or in the in-
terventional radiology suite or the operating room. 
Culture of the bone biopsy specimen will give us the 
most accurate microbiologic diagnosis of the underly-
ing osteomyelitis, allowing us to use the most specifi c 
antimicrobial agent for treatment. Routine swab cul-
ture of the wounds is not recommended because all 
wounds are colonized with bacteria; such cultures will 
only bring about false-positive results, leading to un-
necessary and inappropriate antimicrobial treatments.

Differential Diagnosis

Ischemic ulcer

Diabetic ulcer

Venous stasis ulcer

Dermatologic neoplasms

Surgical wound dehiscence

Abscess

Abrasion

TREATMENT
Initial
Unfortunately, pressure ulcers remain one of the most 
common reasons for readmission to the hospital for 
many patients with impaired mobility. The patient 
with a major pressure ulcer will require an average of 
180 days of nursing time.27 Allman and colleagues28

found that development of a nosocomial pressure ulcer 
was associated with signifi cant and substantial in-
creases in both hospital costs and length of stay in a 
group of patients admitted to the hospital with reduced 
mobility due to a primary diagnosis of hip fracture. 
Xakellis and Frantz29 found that the cost of treating 
pressure ulcers was greatly increased when a patient 
required hospitalization. The cost to treat pressure ul-
cers was estimated to be in excess of $1.33 billion per 
annum in 1994.30 With adjustment for infl ation, this 
implies that current costs are around $1.89 billion per 
annum in the United States.
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Both the European Pressure Ulcer Advisory Panel and 
the Consortium for Spinal Cord Medicine have issued 
clinical guidelines for the prevention and treatment of 
pressure ulcers.31-33 When treating a pressure ulcer, the 
clinician should always keep in mind that the main 
precipitating factors are pressure, shearing forces, fric-
tion, and moisture and therefore focus treatment on 
minimizing these factors.34 Figure 140-3 demonstrates 
the paradigm modifi ed from Sibbald and coworkers35;
it provides a helpful guideline for chronic wound prep-
aration for treatment.

The comorbid conditions shown to delay ulcer healing 
are peripheral vascular disease, diabetes mellitus, im-
mune defi ciencies, collagen vascular diseases, malignant 
neoplasms, psychosis, smoking, and depression.36 Iden-
tifi cation and treatment of these conditions in patients 
with pressure ulcers are important.

If malnutrition is a factor, aggressive nutritional supple-
mentation or support should be instituted to place the 
patient into a positive nitrogen balance. Nutritional sup-
port should occur only if it is consistent with the patient’s 
wishes and is likely to change the patient’s prognosis. 
Also, supplemental vitamins should be given if defi cien-
cies are suspected by examination or confi rmed by labo-
ratory evaluation. Supplemental vitamin C and zinc have 
been used by many clinicians to enhance wound healing, 
even in the absence of clinical defi ciency. Individual 
supplements up to 10 times the recommended dietary 
allowance for a particular water-soluble vitamin can be 
provided if it is found to be defi cient.2

Pain should also be addressed and treated appropriately. 
Some pain may be eliminated or controlled by covering 
the wound and appropriate positioning. If the pain per-
sists, analgesia is provided as needed during manipula-
tions of the wound and for chronic wound pain.37

Once a pressure ulcer develops, therapy must focus on 
medical treatment of the ulcer while at the same time 

addressing the factors that led to ulcer formation. Apart 
from débridement, conservative treatment options, such 
as topical dressings, are employed whenever possible. 
Treatment is generally divided into four components: 
(1) débridement of necrotic tissue as needed (sharp, 
mechanical, enzymatic, or autolytic débridement); 
(2) cleaning of the wound initially and with each 
dressing change (normal saline is recommended; avoid 
antiseptic agents); (3) prevention of infection and diag-
nosis and treatment of an infection if one occurs; and 
(4) dressing of the ulcer to keep the ulcer bed moist and 
the surrounding tissue dry.2 Many types of topical dress-
ings and antibiotics can be employed to promote wound 
healing.2 Promotion of a moist wound environment to 
facilitate wound healing is strongly indicated by evi-
dence-based research.38 Thus, the common goal is al-
ways to produce a moist wound environment that will 
promote cell proliferation.

Wound irrigation with normal saline must be done with 
adequate pressure to be effective for wound cleaning and 
mechanical débridement; the pressure of 4 to 15 psi has 
been found to be safe and nontraumatic to the wound 
bed. This can be achieved with an appropriate syringe or 
a pulsatile lavage device that produces irrigation pressure 
within this recommended range.

Positioning should be evaluated in both the lying and 
seated positions. Patients should be positioned to 
avoid direct pressure and shearing force on the ulcer 
area (see section on extrinsic factors). Immobile pa-
tients in bed should be turned on a scheduled basis, at 
least every 2 hours. If necessary, pillows or foam wedges 
can be used to help patients maintain a position that 
keeps the ulcer area pressure free. Multiple mattresses 
and overlays are available, depending on the patient, 
extent and location of the pressure ulcer, and goals of 
therapy. For the individuals who can tolerate lying 
prone, use of a prone cart allows the patient to be 
out of bed but avoids any pressure on the sacral area. 

FIGURE 140-3. Standardized nonsurgical treatment paradigm for pressure ulcer therapy. V.A.C., vacuum-assisted closure.

Chronic wound
diagnosis

Local wound careTreat cause
Determine healability

Patient-centered
concerns

Bacterial balance/
prolonged inflammation

Nonhealing after 4 weeks

Adjunctive therapies
Consider V.A.C. therapy

Débridement Moist interactive
healing

Pressure  Ulcers
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Sitting should be avoided if pressure cannot be relieved 
from the ulcer area in the sitting position.

Within 1 to 2 weeks of the initiation of treatment, par-
tial-thickness pressure ulcers should show signs of heal-
ing. Full-thickness ulcers should show reduction in size 
after 2 to 4 weeks of treatment.37 This should be deter-
mined with some caution; pressure ulcers often appear 
to be initially larger after treatment because of the effect 
of débridement and cleaning, exposing the real extent 
of ulceration. There also appears to be a proportion of 
pressure ulcers that develop as the result of deep tissue 
damage, at the interface between the soft tissues and the 
bone rather than at the skin surface. These ulcers will 
often progress to full-thickness ulcers even when appro-
priate intervention is provided and should be treated 
more aggressively.

With this in mind, if the ulcer is truly not healing, the 
different aspects of the treatment plan previously out-
lined should be reviewed. In addition, adjuvant ther-
apy (electrical stimulation, hyperbaric oxygenation, 
vacuum-assisted closure) and the possible need for 
surgical intervention for stage III and stage IV ulcers 
that are recalcitrant to standard therapy should be con-
sidered. Electrical stimulation has been shown in mul-
tiple studies to improve the rate and degree of healing 
when it is used in addition to standard interventions 
on recalcitrant ulcers.33 Vacuum-assisted closure may 
also be very useful for the appropriate wounds. The 
guidelines for the use of vacuum-assisted closure are as 
follows39:

 ● There is no untreated, underlying osteomyelitis.
 ● The wound is free of fi stulas to internal organs or 

body cavities.
 ● The wound has not decreased in size for 2 to 

4 weeks, despite the use of best practices.
 ● The wound has been suffi ciently débrided.
 ● The wound has not decreased in size by more 

than 30% 4 weeks after major débridement.

Many different therapeutic modalities for the treat-
ment of pressure ulcers are being investigated, such as 
growth factors and tissue-engineered skin substitutes. 
Clinical research in the fi eld of wound treatment is 
broadening the options for both the treatment and 
prevention of wounds through many different path-
ways. Some treatments and methodologies, such as 
platelet-derived growth factor (e.g., becaplermin, mar-
keted as Regranex; collagen wound matrix dressings, 
such as Oasis), are closer to true widespread availability 
than others are.

Rehabilitation
Many of the major factors that increase susceptibility for 
ulcer development are interrelated intrinsic changes in 
body characteristics and functional abilities. In many 
conditions, these changes are irreversible. Nutritional 
status can be altered by adequate diet, but a complete 
spinal cord injury is permanent. Clinical approaches to 
pressure ulcer prevention generally focus on extrinsic 

factors that can be changed. These include educational 
methods, device-oriented methods, and comprehensive 
systems of preventive care. These approaches to pressure 
ulcer prevention are complementary and should be re-
viewed periodically.

It is critically important during initial rehabilitation 
that every patient and caregiver be thoroughly educated 
in the causes of pressure ulcers and what they should 
do to prevent them. Skills to be learned include the 
ability to carry out a pressure relief regimen, both 
through postural changes, when possible, and through 
the provision of appropriate equipment (e.g., cushions, 
wheelchairs, mattresses). The need for routine skin in-
spection and care must also be emphasized, with par-
ticular regard to pressure areas such as the ischii, sa-
crum, greater trochanters, heels, and occiput. Increased 
care contact time is associated with reduced pressure 
ulcer incidence,40 although automated pressure relief 
systems can also provide an effective intervention dur-
ing inpatient rehabilitation.41 After initial rehabilita-
tion, the at-risk patient must maintain a high level of 
skin care at all times to prevent the occurrence of pres-
sure ulcers.

The provision of appropriate equipment for postural 
support and pressure relief, such as mattresses and 
wheelchair seating cushions, is an important compo-
nent of rehabilitation. For a patient with impaired mo-
bility who is being discharged to the community or to 
long-term care, this requires the selection of a wheel-
chair seating system, including both a wheelchair and a 
support cushion, to meet his or her individualized re-
quirements. An inappropriate seating system can lead to 
poor posture, reduce functional abilities, and isolate the 
user from the environment. All these factors can in turn 
exacerbate the risk for pressure ulcer development in 
the rehabilitating patient.

Seating requirements of each patient must be thor-
oughly assessed during acute rehabilitation, and when 
he or she presents with a pressure ulcer, so that appro-
priate seating and other support surfaces can be rec-
ommended. Special seating and cushions are available 
to help distribute weight off of a pressure ulcer. Cush-
ions can be divided into four categories: foam, visco-
elastic foam, gel, and fl uid fl otation. Which cushion is 
best for a patient depends on pressure evaluation, life-
style, postural stability, continence, and cost.34 Pres-
sure mapping can be very useful in the objective deter-
mination of the interface pressure between the seating 
surface and the skin, helping the clinician to choose 
the most appropriate seating surface with the best 
pressure-relieving properties. Pressure relief maneu-
vers should be done every 15 minutes while the pa-
tient is sitting to prevent the development of ischial 
region pressure ulcers.

Tertiary prevention of pressure ulcers seeks to decrease 
the number of patients who exhibit chronic recurrence 
of tissue breakdown. Device-oriented prevention tech-
niques continue to be developed and refi ned. Active 
pressure relief mattresses often incorporate temperature 
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sensors to control the microenvironment, and this type 
of technology is now starting to be applied in wheelchair 
cushions. Wheelchair cushions that can dynamically al-
ter pressure distribution at the seating interface may 
provide a method for pressure ulcer prevention in indi-
viduals with compromised mobility. Advances in system 
components have increased the reliability and robust-
ness of these cushions, although they remain relatively 
expensive. In addition, biofeedback systems have been 
developed that monitor the duration of applied pressure 
(i.e., static sitting time) and issue an alarm when the user 
should perform a pressure relief maneuver.42

Advanced technologies and new pharmacologic ap-
proaches are being explored that can affect the intrinsic 
clinical status of at-risk patients. The long-term applica-
tion of implanted electrical stimulation devices offers a 
unique means to alter the intrinsic characteristics of 
paralyzed muscle, leading to sustained improvements 
in regional tissue health.43 The use of anabolic steroids 
has also been investigated for both the treatment and 
prevention of pressure ulcers in the population with 
spinal cord injury.44

In addition to altering the intrinsic susceptibility of 
at-risk patients, the incidence of pressure ulcers may 
be decreased by ensuring effective delivery of care and 
education by a multidisciplinary clinical team, at all 
stages of rehabilitation. A survey of the prevalence of 
pressure ulcers in 5000 hospitalized patients through-
out Europe, carried out by the European Pressure Ul-
cer Advisory Panel,45 indicated that clinical expertise 
and standard treatment guidelines are not in them-
selves suffi cient. They should be considered the start-
ing point for effective prevention of pressure ulcers, 
rather than the endpoint. Personalized interactive 
programs have the potential to decrease readmission 
rates for high-risk individuals.15,46 An increase in the 
involvement of the patient in his or her care whenever 
possible may also decrease susceptibility to pressure 
ulcer development.

Outpatients at risk for pressure ulcers, such as residents 
of long-term care facilities, often have restricted ease of 
community mobility that limits both their desire and 
ability to access clinical expertise. Telemedicine repre-
sents a relatively new model for health care delivery that 
can eliminate or greatly reduce the need for transporta-
tion of the patient and improve standard of care.

Procedures
Débridement of necrotic tissue from the wound is 
essential for healing to occur. Débridement can be ac-
complished by several different approaches. Sharp dé-
bridement is performed by a qualifi ed clinician who 
uses a scalpel either at the bedside or in surgery. Me-
chanical débridement is commonly done with wet to 
dry dressings changed two or three times a day. Auto-
lytic débridement permits the enzymes in the wound 
to dissolve the necrotic tissue by covering of the wound 
with a moisture-retentive dressing. Last, enzymatic 

débridement uses exogenous enzymes in commercial 
preparations, such as papain, to dissolve the necrotic 
tissue.35 The determination of débridement method 
depends on the condition of the wound. Sharp dé-
bridement is often performed when there is a large 
amount of necrotic material; for instance, the presence 
of eschar tissue often leads to sharp débridement. This 
will allow effi cient removal of necrotic materials from 
the wound. However, for chronic wounds that do not 
have easily removable necrotic tissues (e.g., adherent, 
yellow, necrotic tissues at the base of the wound), 
chemical débridement may be the method of choice, 
allowing nontraumatic débridement of the wound.

Surgery
A variety of surgical options are available to close stage 
III and stage IV pressure ulcers that do not heal by con-
servative means. Possible surgeries are as follows: direct 
closure, split- or full-thickness skin grafts, skin fl aps, 
musculocutaneous fl aps, and free fl aps. The type of sur-
gical repair depends on the location of the ulcer, the 
primary diagnosis of the patient, comorbid conditions, 
and the goals of treatment. The long-term outcomes of 
surgical intervention are variable.47-49 Predictors of sur-
gical success correlate with the compliance of the pa-
tient with postoperative bed rest as well as preoperative 
risk factors for wound healing.

POTENTIAL DISEASE COMPLICATIONS
The following complications are associated with pres-
sure ulcers: bacteremia, osteomyelitis, cellulitis, amy-
loidosis, endocarditis, heterotopic bone formation, 
perineal-urethral fi stula, pseudoaneurysm, septic ar-
thritis, sinus tract or abscess, and squamous cell 
carcinoma in the ulcer.2

POTENTIAL TREATMENT 
COMPLICATIONS
Failure to heal and recurrence of pressure ulcers are poten-
tial treatment complications. The need to maintain pres-
sure relief over the area of the ulcer may lead to the forma-
tion of another pressure ulcer in a different location.

Asymmetric sitting posture due to unilateral removal of 
necrotic bone may cause pressure ulcer development.

Prolonged bed rest and reduced activity levels will de-
condition the patient and may lead to or exacerbate 
other comorbidities.

Increased pain may occur with dressing changes and 
sharp or mechanical débridement.

Surgical complications of infection, bleeding, and 
wound dehiscence are possible. Medication side effects 
from nonsteroidal anti-infl ammatory drugs, acetamino-
phen, and narcotics are well known and include gastric, 
renal, and liver toxicities. Drug dependency can also oc-
cur with long-term use of narcotics.
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DEFINITION
Pulmonary rehabilitation has been defi ned as “the art 
of medical practice wherein an individually tailored, 
multidisciplinary program is formulated through 
which accurate diagnosis, therapy, emotional support, 
and education stabilize or reverse both the physiopa-
thology and psychopathology of pulmonary diseases 
in an attempt to return the patient to the highest pos-
sible functional capacity allowed by his or her pulmo-
nary handicap and overall life situation.”1,2 Program 
goals are to reverse the cycle of dyspnea and decon-
ditioning, to optimize airway secretion management 
and respiratory muscle function, to reduce frequency 
of hospitalizations and pulmonary complications, to 
address psychosocial factors to facilitate rehabilitation 
and community integration, and to improve daily 
function.1-4 Candidates for outpatient pulmonary re-
habilitation include pediatric and adult individuals 
who can benefi t from these goals, who have respira-
tory muscle or pulmonary dysfunction that limits their 
activities or life expectancy, and whose conditions are 
suffi ciently stable for outpatient management.

Overview of Contrasting Pathologic Processes 
and Approaches and Outcomes
In development of a prescription for an outpatient 
pulmonary rehabilitation program, it is essential to 
distinguish between pulmonary dysfunction due to 
lung or airways disease or oxygenation impairment 
and impairment of alveolar ventilation in the pres-
ence of essentially normal lung parenchyma. Patients 
with oxygenation impairment are often hypoxic 
with a normal carbon dioxide level. Patients with 

ventilatory impairment retain carbon dioxide from 
muscle dysfunction, activity overload, or central hy-
poventilation. With this classifi cation scheme, a clini-
cian can better generate a focused outpatient pulmo-
nary rehabilitation prescription. Subsequently, this 
chapter outlines treatment based on this classifi ca-
tion. Conditions associated with oxygenation impair-
ment are listed in Table 141-1. Whereas either one or 
the other almost always predominates, when impair-
ments overlap, the prescription must refl ect ap-
proaches for both conditions.5

Potential outcomes of outpatient pulmonary rehabilita-
tion include decreased hospitalization, decreased mor-
bidity and mortality, decreased symptoms, improved 
quality of life, increased functional activity, improved 
neuropsychological condition, increased ability to work, 
and effective use of assistive respiratory technology. 
Each prescription is individual specifi c and is adjusted 
according to the patient’s progress.

Incidence
The prevalence of chronic obstructive pulmonary dis-
ease (COPD) in the adult population is approximately 
4% to 6% in men and 1% to 3% in women. In the 
1996 National Health Interview Survey, approximately 
14 million adults had chronic bronchitis. COPD is 
the fourth leading cause of death in the United 
States and the most common cause of oxygenation 
impairment.6,7

Respiratory failure associated with weakness of respira-
tory muscles (ventilatory impairment) has an incidence 
of 1 in 800, the approximate incidence of patients with 
neuromuscular diseases. However, both acute and 
chronic respiratory failure also results from respiratory 
muscle dysfunction associated with central nervous 
system diseases such as cerebrovascular disease and 
traumatic brain injury. Almost 50% of home mechani-
cal ventilation users have primarily ventilatory impair-
ment because their prognosis with ventilator use is 
much better than that of ventilator users with primarily 
oxygenation impairment. Attempts are being made to 
objectify the need for and prescription of ventilators for 
home use.8

Synonyms
None

ICD-9 Codes
E0450 Invasive mechanical ventilation
E0461 Noninvasive mechanical ventilation
E0482 Mechanical insuffl ation-exsuffl ation
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SYMPTOMS
Symptoms of oxygenation impairment include dyspnea 
on exertion or during routine activities of daily living, 
anxiety, depression, headaches, and diffi culty with con-
centration.9 Patients may have chronic sputum produc-
tion, coughing, wheezing, chest pains that vary with the 
respiratory cycle, weight loss, orthopnea, sleep distur-
bances, and low endurance. A constellation of allergy 
symptoms may also be seen. Associated symptoms may 
include fever and hemoptysis, as in patients with bron-
chiectasis.

Patients with predominant ventilatory impairment most 
commonly complain of fatigue. Other symptoms can 
include exertional dyspnea, weight loss, sleep distur-
bances, low endurance, morning headaches, and fre-
quent arousals. For patients who use a wheelchair or 
scooter, minimal symptoms are common until anxiety 
or inability to fall asleep occurs during otherwise be-
nign intercurrent respiratory tract infections—a harbin-
ger of respiratory failure.10 Episodes of acute respiratory 
failure are common for patients with neuromuscular 
weakness with an ineffective cough.

PHYSICAL EXAMINATION
Predominant Oxygenation Impairment
For patients with lung or airways disease, the physical 
examination depends on the underlying pathologic 
process (see Table 141-1). For patients with COPD, the 
examination may reveal plentiful sputum production, 
auxiliary respiratory muscle use, and “barrel” chest. Aus-
cultation reveals wheezes, rales, or hyperresonant lung 
sounds. Evaluation with pulse oximetry during rest and 
exercise will often demonstrate worsening oxygenation 
impairment with activity.6

Predominant Ventilatory Impairment
All generalized neuromuscular diseases cause varying 
degrees of weakness of the inspiratory (breathing), 
expiratory (coughing), and bulbar-innervated (speech, 
swallowing, and air protection) muscles. Patients may 
have increased respiratory rate, shallow breathing, dia-
phragmatic or paradoxical breathing, accessory respi-
ratory muscle use, nasal fl aring, peribuccal or general-
ized cyanosis, fl ushing or pallor, drooling, diffi culty in 
control of airway secretions, dysphagia, or nasality of 
speech.5

FUNCTIONAL LIMITATIONS
Baseline levels of function, including exercise tolerance 
and ability to perform activities of daily living, may be 
greatly diminished. There may be diffi culty with control 
of airway secretions, diffi culty with chewing and swal-
lowing of food, and decreased social interaction. Many 
patients require ventilator use to rest inspiratory muscles 
to avoid or to diminish respiratory symptoms. Activities 
of daily life may be diminished by generalized muscle 
dysfunction or by specifi c impairment of respiratory 

TABLE 141-1  Conditions Associated with Oxygenation 
Impairment and Ventilatory Impairment

Conditions with predominant oxygenation impairment

Chronic obstructive pulmonary disease

Asthma

Emphysema and emphysema that follows lung volume 
reduction surgery

Cystic fi brosis

Bronchiectasis

Some restrictive diseases (e.g., pulmonary fi brosis, primary 
parenchymal disease)

Conditions with predominant ventilatory impairment

Myopathies

  Duchenne muscular dystrophy

  Becker muscular dystrophy

  Limb-girdle muscular dystrophy

  Emery-Dreifuss muscular dystrophy

  Facioscapulohumeral muscular dystrophy

  Congenital, autosomal recessive, myotonic muscular dystrophy

  Generalized nondystrophic myopathies

  Congenital, metabolic, infl ammatory myopathies

  Myasthenia gravis

  Mixed connective tissue disease myopathies

Neurologic disorders

  Amyotrophic lateral sclerosis

  Spinal cord dysfunction

  Spinal muscular atrophies

  Motor neuron diseases

  Poliomyelitis

  Hereditary sensory motor neuropathies

  Phrenic nerve neuropathies, Guillain-Barré syndrome

  Multiple sclerosis

  Friedreich ataxia

  Myelopathies

  Botulism

Sleep-disordered breathing

  Central and congenital hypoventilation syndromes

  Hypoventilation associated with diabetic microangiopathy

  Down syndrome

  Familial dysautonomia

Musculoskeletal

  Thoracic wall deformities

  Kyphoscoliosis

  Ankylosing spondylitis

  Osteogenesis imperfecta

  Rigid spine syndrome

  Spondyloepiphyseal dysplasia congenita

Restrictive lung diseases

  Obesity hypoventilation

  Diseases of the pleura and chest wall

  Tuberculosis

  Milroy disease
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muscles. For example, tachypnea does not allow patients 
suffi cient time to chew and swallow. This results in mal-
nutrition that further decreases respiratory function. 
Management with ventilatory assistance by a simple 
mouthpiece diminishes tachypnea and often results in 
better nutrition and improved strength (Fig. 141-1).

DIAGNOSTIC STUDIES
Diagnostic testing distinguishes between predominant 
ventilatory impairment and predominant oxygenation 
impairment. With predominant oxygenation impair-
ment, patients have at least one of the following: respi-
ratory limitation to exercise at 75% of predicted maxi-
mum oxygen consumption; irreversible airway 
obstruction with a forced expiratory volume in 1 second 
(FEV1) of less than 2000 mL or an FEV1 to forced vital 
capacity ratio (FEV1/FVC ratio) of less than 60%; or 
pulmonary vascular disease with carbon monoxide dif-
fusion capacity of less than 80% of predicted.

With predominant ventilatory impairment, patients 
have at least one of the following: hypercapnia; respira-
tory limitation to exercise at 75% of predicted maxi-
mum oxygen consumption; or diminished vital capac-
ity with normal to high FEV1/FVC ratio, diminished 
cough peak fl ows, decreased maximum inspiratory and 
expiratory pressures, and low lung volume measure-
ments (i.e., total lung capacity, functional residual ca-
pacity, and residual volume). Many such patients have 
thoracic wall deformity. It is extremely important to 
measure unassisted as well as assisted cough fl ows for 
these patients because they most often develop respira-
tory failure as a result of ineffective coughing.10 Assisted 
cough fl ows are created by air stacking consecutively 
delivered volumes of air provided through a manual 
resuscitator to the maximum volume that can be held 
with a closed glottis. At this point, an abdominal thrust 
is delivered in conjunction with glottic opening. The 
expelled air is measured as a cough fl ow into a peak 
fl ow meter.

Tests to Determine Candidates 
for Rehabilitation for Predominant 
Oxygenation Impairment
Active patients who are still able to walk several blocks 
but who have noted yearly decreases in exercise toler-
ance or who have recently begun to require ongoing 
medical attention for pulmonary symptoms or compli-
cations are ideal candidates for outpatient pulmonary 
rehabilitation.

Clinical exercise testing can best determine the extent of 
the patient’s functional impairment due to pulmonary 
disease. It can diagnose and measure functional reserve 
and the capacity to perform exercise, the factors that 
limit exercise, and the reasons for exercise-related symp-
toms.11-13 Clinical exercise testing permits the clinician 
to determine whether the primary disability is pulmo-
nary, cardiac, or exercise-induced bronchospasm.13 The 
last two diagnoses and even purely restrictive pulmo-
nary syndromes are commonly mistaken for COPD. 
When it is performed both before and after the reha-
bilitation program, clinical exercise testing documents 
the patient’s progress.

Vital signs, electrocardiography, oxygen consumption, 
carbon dioxide production, respiratory quotient, ventila-
tory equivalent, minute ventilation, and metabolic rate 
are monitored during clinical exercise testing, which is 
done with use of a treadmill, stationary bicycle, or upper 
extremity ergometry. All patients undergo a 3-, 6-, or 
12-minute walk test. The patient is instructed to gradu-
ally increase speed and duration on subsequent walking 
exercise tests.11-15 A clinical exercise test advances until 
oxygen consumption fails to increase; maximum allow-
able heart rate for age is reached; or electrocardiographic 
changes, chest pain, severe dyspnea, or fatigue occurs. 
Oximetry is performed to determine the need for supple-
mental oxygen therapy during reconditioning exercise 
(pulse oxyhemoglobin saturation [SpO2] SpO2 � 90% 
to 95%) or on a long-term basis (PO2 � 60 mm Hg). 
When metabolic energy cost studies are not available, 
maximum exercise tolerance may be estimated from 
pulmonary function data.11-13,16

Predominant Ventilatory Impairment
Patients with primarily ventilatory impairment undergo 
spirometry to measure vital capacity in sitting and su-
pine positions and maximum insuffl ation capacity, un-
assisted and assisted cough peak fl ows by peak fl ow 
meter, end-tidal carbon dioxide measurements, and 
pulse oximetry.17 Sitting minus supine vital capacity 
greater than 20% provides a strong indication of dia-
phragm weakness out of proportion to accessory inspira-
tory muscle dysfunction. When the vital capacity is 
less than 80% of normal, the patient is trained to per-
form maximal insuffl ation techniques, such as air stack-
ing as noted before. Air stacking along with manually 
and mechanically assisted coughing is aimed at main-
taining adequate airway secretion clearance and prevent-
ing atelectasis and pneumonia. Cough peak fl ows of less 
than 270 L/min indicate initiation of the oximetry–
respiratory aid protocol to be described later. Symptoms 

FIGURE 141-1. A 17-year-old girl with mild spinal muscular atrophy 
type 1 who is continuously ventilator dependent uses a mouthpiece dur-
ing daytime hours and a nasal interface during sleep.
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of nocturnal hypoventilation, end-tidal carbon dioxide 
above 45 mm Hg, or daytime or nocturnal oxygen de-
saturation below 95% warrant a nocturnal trial of non-
invasive intermittent positive pressure ventilation.17

cessation is emphasized to reduce chronic phlegm 
production and to decrease the rate of annual loss of 
FEV1 to the level of nonsmokers.18,19 Avoidance of at-
mospheric or vocational pollutants and of other aggra-
vating factors, such as pollen, aerosols, excessive humid-
ity, stress, large meals, and ill contacts with respiratory 
infections, is suggested. Adherence to medications as 
prescribed and reporting of any problems with medica-
tions to the clinician are encouraged. Recommended 
vaccinations include annual infl uenza vaccinations and 
the pneumococcal vaccinations, provided there are no 
contraindications.19,20 Nutritional counseling reinforces 
good nutrition with adequate calorie intake, carbohy-
drate balance, and adequate hydration.5,21,22

Medical therapy involves optimal pharmacologic man-
agement of reversible bronchospasm when it is present, 
including the use of bronchodilators such as anticho-
linergics, methylxanthine derivatives, sympathomimet-
ics, and combination medications (Table 141-3). An 
improvement in FEV1 greater than 20% is signifi cant 
with bronchodilator use. Inhaled adrenergics and anti-
cholinergics appear to benefi t many patients despite 
little objective evidence of improvement. Training for 
proper administration of nebulizers or inhalers is im-
portant to promote optimal medication deposition 
and to prevent ineffi cient use. Other medications, such 
as expectorants, mucolytics, corticosteroids, antibiotics, 
and disodium cromoglycate, are used along with hu-
midifi cation and bronchial toilet, as warranted, to pre-
pare the patient for optimal participation in the thera-
peutic exercise program.

Respiratory secretion management is critical for treat-
ment and preventive care. This involves training in the 
techniques of chest percussion, in postural drainage, and 
with huffi ng ventilatory and airway secretion clearance 
devices. In addition, autogenic drainage is a technique of 
breathing low tidal volumes between the functional re-
sidual capacity and residual volume, followed by taking 
increasingly larger tidal volumes and forced expirations 
to mobilize and to evacuate mucus. Positive end-expira-
tory pressure breathing techniques theoretically mobilize 
secretions by coughing or forced expirations with alveo-
lar pressure and volume pushing behind mucous plugs. 
Flutter breathing with a fl utter device applied to the 
mouth uses two mucus-evacuating techniques: positive 
end-expiratory pressure and oscillation. Devices that pro-
vide mechanical vibration or oscillation to the thorax 
include the Hayek Oscillator (Breasy Medical Equipment 
Inc., Stamford, Conn); ThAIRapy System (American Bio-
systems Inc., St. Paul, Minn); and intrapulmonary per-
cussive ventilator, which provides aerosolized medica-
tions as high-fl ow percussive mini-bursts of air delivered 
to the airways (Percussionaire Corp. Sandpoint, Idaho).

Early medical attention for respiratory tract infections is 
very important. Broad-spectrum antibiotics and glucocor-
ticoids should be considered. Home oxygen therapy is 
used for oxygenation-impaired patients with lung disease 
if the PO2 is less than 60 mm Hg and when it remains 
so for more than 2 months after an acute exacerbation. 
This type of therapy decreases reactive pulmonary 

Differential Diagnosis

Deconditioning

Cardiac dysfunction

Pulmonary infection

Obesity

TREATMENT
Initial

Predominant Oxygenation Impairment

The main treatment for pulmonary rehabilitation is 
summarized in Table 141-2. The patient and caregivers 
are educated in preventive care measures. Smoking 

TABLE 141-2 Pulmonary Rehabilitation

Basic outpatient pulmonary rehabilitation program

Initial assessment of

  Respiratory disease process

  Underlying medical disorder

  General medical condition

  Functional status

  Patient’s goals

Select treatment goals

Interdisciplinary team management

Medication optimization

Adjustment of supplemental oxygen therapy

Airway secretion elimination techniques and devices

Smoking cessation program

Exercise program

  Ventilatory muscle training

  Endurance and strength training

Breathing retraining

Alternative breathing techniques

Energy conservation techniques

Therapeutic modalities

Adaptive devices and mobility equipment

Psychosocial counseling

Nutritional counseling

Patient and caregiver education

Maintenance program
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hypertension and polycythemia, improves cognition, pro-
longs survival, and may decrease hospitalizations. Trans-
tracheal oxygen delivery avoids waste around the nose 
and mouth, avoids the “dead space” of the nasopharynx, 
and prevents discomfort and drying associated with nasal 
cannulas and facemasks. High-altitude travel may require 
0.5 L/min of additional supplemental oxygen.

Patients with COPD have a high incidence of sleep-
disordered breathing, that is, obstructive and central 
apneas, for which continuous positive airway pressure 
or bilevel positive airway pressure can be used. Bilevel 
positive airway pressure can also be useful to provide 
some ventilatory assistance, inspiratory muscle rest, 
and counter auto–positive end-expiratory pressure for 
hypercapnic COPD patients.

Predominant Ventilatory Impairment

Abdominal binders are useful for tetraplegic and tho-
racic-level paraplegic spinal cord patients to increase 
diaphragmatic excursion and vital capacity. However, 
whereas inspiratory muscle exercise has not been shown 
to increase respiratory muscle strength or vital capacity 
in patients with primarily ventilatory impairment, chest 
wall and lung mobilization has, and it is critical to 
maintain suffi cient excursion to allow the increased 
lung volumes necessary for effective coughing.

Although bilevel positive airway pressure can be used by 
patients with primarily ventilatory impairment, it is ap-
propriate only for those who do not have suffi cient 
bulbar-innervated muscle function for air stacking. 
When bilevel positive airway pressure is used for these 
patients, polysomnographic titration is irrelevant. The 
bilevel positive airway pressure inspiratory-expiratory 
pressure span should be suffi cient to rest inspiratory 
muscles, that is, be 18 to 20 cm H2O. Any patients with 
bulbar-innervated musculature suffi cient for air stack-
ing should use volume-cycled ventilators rather than 
bilevel positive airway pressure machines. Modifi ca-
tions are made for mask discomfort and air leakage. 
Portable volume ventilators can provide greater inspira-
tory muscle assistance when it is needed, such as for 
patients with obesity hypoventilation.5

Psychosocial counseling addresses symptoms of depres-
sion, anxiety, and stress as well as social impediments to 

good progress. The goal is to break the infl uence of these 
psychosocial issues on the cycle of respiratory decline.9

Mechanical insuffl ation-exsuffl ation is used to assist expi-
ratory muscles to increase cough fl ows to prevent pneu-
monia. It provides 10 L/sec of expiratory fl ow directly to 
the airways through the upper airway or through trache-
ostomy (CoughAssist, JH Emerson Co., Cambridge, 
Mass). Mechanically assisted coughing is used in con-
junction with an exsuffl ation-timed abdominal thrust, 
combining the manual with the mechanical.17

Rehabilitation
An outpatient pulmonary rehabilitation program incor-
porates physical medicine interventions, evaluation for 
respiratory equipment, and rehabilitation by an inter-
disciplinary approach. The interdisciplinary team can 
include the patient, medical and nursing staff, respira-
tory therapists, physical therapists, occupational thera-
pists, speech therapists, social workers, and a nutrition-
ist. In addition, psychology or psychiatry services, 
recreational therapists, and vocational rehabilitation 
may be integrated as part of the team.

Exercise training for endurance, strength, and function-
specifi c activities is prescribed (Table 141-4). The prog-
ress is monitored, and modifi cations to the prescription 
are made on the basis of the patient’s increasing aerobic 
capacity with intensive exercise training. Scheduling for 
reevaluations of the prescription depends on each pa-
tient; the early stages of the program and any acute 
medical issues affect the need for possible prescription 
modifi cations. Frequency, duration, intensity, and spec-
ifi city are general exercise components. Frequency of 
exercise is generally advised three to fi ve times a week 
for a training effect to be seen.13 Patients should also be 
taught about their respiratory equipment.

Predominant Oxygenation Impairment

Carefully prescribed exercise provides the greatest ben-
efi ts for reducing dyspnea and respiratory rate and in-
creasing exercise tolerance, maximum oxygen con-
sumption, 6- and 12-minute walk distance, activities of 
daily living, work output, mechanical effi ciency, and 
possibly gas exchange.23-27 Anxiety and depression are 

TABLE 141-3 Commonly Prescribed Medications

Category Representative Types Main Respiratory Clinical Effects Main Side Effects

Bronchodilator Anticholinergics
Sympathomimetics
Methylxanthine derivatives
Combinations

Relief of bronchospasm by relaxation 
of bronchial smooth muscle

See under specifi c medicines

Anticholinergics Ipratropium Relief of bronchospasm by relaxation 
of bronchial smooth muscle

Headache, dry mouth, dizziness, dyspnea, 
gastrointestinal disturbances

Tiotropium Relief of bronchospasm Tachycardia, palpitations, gastrointestinal 
distress, nervousness, dry mouth, tremor

From Physicians’ Desk Reference, 61st ed. Montvale, NJ, Medical Economics, 2007.
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also signifi cantly decreased, and cognition and sense of 
well-being are improved.9

Low-intensity training can be prescribed on the basis of 
objective or subjective measures. Objective measures in-
volve calculation of the maximal oxygen consumption or 
maximum heart rate. If open-circuit spirometry and meta-
bolic cart are available, specifi c target intensity may be 
50% of peak rate of oxygen uptake. Heart rate parameters 
may be most useful for patients with cardiac conditions. 
Several formulas are used. One is the desired exercise in-
tensity multiplied by the maximum predicted heart rate. 
Hence, if the desired exercise intensity is defi ned as 60% 
of maximum predicted heart rate (HR), then

Target HR � 0.60 � [HRmax � 220–age]

Another is the Karvonen formula. For the target heart 
rate range for 50% to 85%:

HR reserve � [(HRmax � HRrest) � 0.50] � HRrest

� [(HRmax � HRrest) � 0.85] � HRrest

Initial targets can be 50% (range, 50% to 80%) of either 
objective measure or the level tolerated by the patient.13

When objective measures are not applicable, as in the 
case of patients taking negative chronotropic medica-
tions (e.g., � blockers or calcium channel blockers) and 
heart transplant recipients, subjective measures may be 
more predictive of exercise tolerance. In addition, be-
cause patients are often limited by exertional dyspnea, 
subjective measures may be more desirable.13

Subjective measures of exercise tolerance, such as the 
Borg rating of perceived exertion scale or dyspnea rating 

scales, allow patients to guide the program on the basis 
of their symptoms alone. The Borg rating of perceived 
exertion scale from 6 to 20 is linearly related to heart 
rate. This is illustrated by multiplying the chosen scale 
number by 10 to obtain the estimated predicted heart 
rate. For example, when the patient chooses the number 
10 on the scale to describe exertion symptoms, heart 
rate is estimated by the following equation:

10 � 10 � 100 (±10)

The original Borg scale uses this method.13,28

Training specifi city is determined by the patient’s goal 
for daily activities and occupational pursuits. Daily ac-
tivities in mobility and exercise programs are tailored 
accordingly. Depending on the patient’s form of mobil-
ity and baseline level of function, specifi c mobility and 
endurance exercise programs can include walking, stair 
climbing, low-impact aerobics, stationary bicycling, and 
pool activities. For mobility, work, and recreational pur-
suits, assistive devices to improve daily activities may 
include wheelchair, walker, or cane. Strength training 
increases function in daily activities, mobility, and spe-
cifi c occupation-related tasks. Intermingled with endur-
ance, strength, and task-specifi c training are energy 
conservation techniques that provide the patient with 
more energy effi cient methods to perform daily activi-
ties. Increased endurance for exercise can occur inde-
pendently of changes in ventilatory muscle endurance.

Review of the training program is made with the patient 
and caregiver. A plan is agreed on and is fl exible to 
change, according to the patient’s tolerance. The patient 
is made responsible for a progressive program to rein-
force adherence and independence.

Breathing retraining exercises are used with the goals of 
modifying the breathing pattern to decrease the work of 
breathing and improving the cough mechanism. Pursed 
lip breathing and diaphragmatic breathing decrease the 
respiratory rate, coordinate the breathing pattern, and 
tend to prevent collapse of smaller bronchi. Air shifting is 
performed several times per hour. It involves a deep inspi-
ration that is held with the glottis closed for 5 seconds. 
The air shifts to lesser ventilated areas of the lung and may 
help prevent microatelectasis. The subsequent expiration 
is through pursed lips. Pursed lip breathing aids in relax-
ation as well. Other relaxation exercises, such as Jacobson 
exercises and biofeedback, can be used to decrease ten-
sion and anxiety.29,30

For hypercapnic patients, interspersing periods of respi-
ratory muscle rest with exercise of specifi c respiratory 
muscle groups is a principle of pulmonary rehabilita-
tion. Rest can be achieved by overnight use of nasal 
bilevel positive airway pressure.31,32 Improved daytime 
gas values, increased vital capacity, decreased fatigue, 
and increased well-being have been reported in such 
programs.

After the acute rehabilitation period, continued surveil-
lance and attention to abstinence from smoking, bron-
chial hygiene (Table 141-5), breathing retraining, physi-
cal reconditioning, oxygen therapy, and airway secretion 

TABLE 141-4 Types of Exercise1,2,8,12,13,24,25

Type of Exercise Example

Ventilatory muscle 
training

Inspiratory resistive exercise: maximum 
sustained ventilation, inspiratory 
resistive loading, inspiratory threshold 
loading, sustained hyperpnea

Strength training Upper extremity exercise: pulleys, elastic 
bands, supervised circuit training, 
weightlifting with low resistance

Lower extremity exercise: supervised 
circuit training, weightlifting with 
low resistance

Endurance training Upper extremity exercise: unsupported 
upper extremity activities ranging 
from activities of daily living to ath-
letic activities, supervised arm cycling, 
low-impact aerobics, pool therapy

Lower extremity exercise: incremental 
treadmill program, supervised walking, 
cycling and stair climbing program, 
low-impact aerobics, pool therapy
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mobilization have been shown to reduce hospital ad-
missions, length of hospital stays, and cost.33,34 The 
benefi ts of pulmonary rehabilitation on exercise perfor-
mance and quality of life are greatest during the fi rst 
year and last up to 5 years.26,27,35-37

Predominant Ventilatory Impairment

The primary interventions for patients with generalized 
muscle weakness are the use of respiratory muscle aids 
and facilitation of “habilitation” to disability rather 
than “rehabilitation.” Cough peak fl ows greater than 
160 L/min are the minimum needed for airway secre-
tion clearance and hence indicate safety for removal of 
a tracheostomy tube whether the patient is ventilator 
dependent or not. Ninety percent of episodes of acute 
respiratory failure are caused by ineffective coughing 
during otherwise benign upper respiratory tract infec-
tions; therefore, when assisted peak cough fl ows have 
decreased to less than 270 L/min, patients are prescribed 
oximeters and trained in air stacking of consecutively 
delivered volumes of air provided through mouth or 
nasal interfaces from a manual resuscitator (Ambu bag) 
to improve cough fl ows.38 They are also taught manu-
ally assisted coughing (abdominal thrusts timed to glot-
tic opening after maximal lung insuffl ation). They are 
introduced to mechanical insuffl ation-exsuffl ation 
(CoughAssist) provided at �35 to �50 to �35 to 
�50 cm H2O pressure drops, with abdominal thrusts 
applied during exsuffl ations. Patients must have rapid 
(less than 2-hour) access to portable volume ventilators, 
CoughAssists, and various mouthpieces and nasal inter-
faces when they develop respiratory tract infections. In 
the respiratory muscle aid–oximetry protocol to prevent 
respiratory failure, patients and care providers are in-
structed to use continuous pulse oxyhemoglobin satu-

ration (SpO2) monitoring at the fi rst sign of upper respi-
ratory tract infection. Any decreases in SpO2 of less than 
95% indicate either hypoventilation or the presence of 
airway mucus accumulation that must be cleared to 
prevent atelectasis, pneumonia, and respiratory failure. 
Patients learn to use noninvasive ventilation or manu-
ally and mechanically assisted coughing to maintain 
suffi cient alveolar ventilation and airway secretion clear-
ance to keep SpO2 at 95% or higher and thereby avoid 
respiratory failure. They are also told to use SpO2 moni-
toring whenever fatigued, short of breath, or ill. They 
are instructed to use manually and mechanically as-
sisted coughing, as needed, to maintain normal SpO2 at 
all times.

When symptomatic, nocturnal SpO2 decreases below 
95% are common, and patients are encouraged to use 
nocturnal nasal intermittent positive-pressure ventilation 
for inspiratory muscle rest and symptom relief. Many 
patients use noninvasive intermittent positive-pressure 
ventilation for the fi rst time to assist lung ventilation dur-
ing chest infections and need it continuously during 
these episodes without requiring hospitalization.17 Al-
though muscle weakness may progress, patients may be 
maintained with noninvasive intermittent positive-pres-
sure ventilation continuously without ever requiring 
hospitalization, in many cases despite having no measur-
able vital capacity for decades.35,36

Procedures
Training in the use of nebulizers, hand-held inhalers, 
chest percussion and postural drainage, and respiratory 
equipment is important during the outpatient pulmo-
nary rehabilitation program. Self-directed patients 
should be independent in training their care providers 
in how to assist in airway secretion clearance and in 
how to change the settings of their ventilators and 
CoughAssist devices according to time of day and clini-
cal situation.

Surgery
Lung volume reduction surgery is performed for pa-
tients with severe function-limiting emphysema with 
the goal of improving gas exchange, exercise capacity, 
lung function, and quality of life. Candidates for lung 
volume reduction surgery, patients who have had lung 
volume reduction surgery, and lung transplantation and 
post–lung transplantation patients may be prescribed 
an inpatient or outpatient pulmonary rehabilitation 
program, depending on the patient’s goals and medical 
stability.37,38

Among patients with pulmonary dysfunction who have 
signifi cant nutritional defi ciencies by oral intake, alter-
native routes for nutrition, such as a percutaneous gas-
trostomy tube, are considered.

Patients with respiratory muscle impairment are taught 
the use of inspiratory and expiratory muscle aids (i.e., 
mouthpiece and nasal noninvasive mechanical venti-
lation and mechanically assisted coughing) before 

TABLE 141-5 Pulmonary Hygiene Options11,14,43

Inhalers

Bronchodilators

Inhaled steroids

Leukotriene inhibitors

Mucolytics

Methods of airway secretion elimination

Oral, nasal, or transtracheal suctioning

Chest percussion and postural drainage

Positive expiratory pressure breathing

Flutter mucus clearance devices

Mechanical vibration devices to the chest wall

Intrapulmonary percussive ventilation with aerosolized medications

Mechanical insuffl ation-exsuffl ation applications

Autogenic drainage

Manual assisted cough

Abdominal binder
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surgery so that they can be extubated to the use of 
these aids after surgery, even when they are not capable 
of independently ventilating their lungs.39 Tracheos-
tomy is needed only when bulbar-innervated muscle 
dysfunction is so severe that patients aspirate saliva to 
the extent that SpO2 cannot be maintained at 95% or 
higher. In general, this occurs only for patients with 
advanced bulbar amyotrophic lateral sclerosis.40

POTENTIAL DISEASE COMPLICATIONS
Potential disease complications play a signifi cant role in 
the outpatient pulmonary rehabilitation prescription. 
In generating a prescription, it is important to consider 
the patient’s specifi c diagnosis and potential complica-
tions. Complications of chronic respiratory disease de-
pend on the effects of progression of the primary patho-
logic process and natural aging on respiratory muscle 
function and lung tissues. Nutritional defi cits, psycho-
social issues, and comorbidities can also play an impor-
tant role.

Predominant Oxygenation Impairment
Patients with primarily oxygenation impairment due to 
lung or airways disease often have intermittent exacer-
bations with episodes of acute respiratory failure. These 
often require acute hospitalization and invasive man-
agement. They are largely caused by inability to mobi-
lize peripherally trapped airway secretions. There are 
many secretion mobilization systems to help mobilize 
airway secretions, but there is no clear evidence that one 
system works better than any other. The least expensive 
and simplest methods to supplement airway secretion 
mobilization efforts, such as use of a fl utter valve, posi-
tive expiratory pressure mask, and chest vibrators, are 
probably as effective as expensive chest vibrating and 
oscillating devices.41 Supplemental methods of respira-
tory therapeutic secretion mobilization that can be 
taught include chest percussion and postural drainage, 
huffi ng, and active cycle of breathing. The last is the 
most inexpensive technique of airway secretion mobili-
zation because no assistive device is used. The patient 
simply breathes slowly and shallowly at lung volumes 
well below functional residual capacity; he or she gradu-
ally increases tidal volumes to approach functional re-
sidual capacity and, once reaching it, takes a deep 
breath and “huffs” out secretions. Other important 
strategies for these patients are to administer and to 
monitor compliance with antibiotics, bronchodilators, 
oxygen, mucolytics, and other medications.

Predominant Ventilatory Impairment
The evaluation for long-term “airway protection” with a 
tracheostomy is a common clinical scenario. However, 
because patients with no measurable vital capacity or 
any volitional skeletal muscle movement for more than 
50 years do not require tracheostomy,42,43 obviously one 
is not needed for inspiratory or expiratory muscle fail-
ure but rather for failure of bulbar-innervated muscula-

ture alone. Once aspiration of saliva causes the SpO2

baseline value to decrease and to remain less than 95%, 
90% of patients undergo tracheotomy or are deceased 
within 2 months.40 This, however, occurs only for pa-
tients with advanced bulbar amyotrophic lateral sclero-
sis, for children with type 1 spinal muscular atrophy 
without suffi cient home care,44 for an occasional patient 
with facioscapulohumeral muscular dystrophy, and 
for very few others. Such patients almost invariably 
have maximum assisted peak cough fl ows of less than 
160 L/min and are incapable of air stacking because of 
failure of glottic closure.45

POTENTIAL TREATMENT 
COMPLICATIONS
Potential treatment complications can result from oxy-
gen toxicity, barotrauma from ventilator use, comor-
bidities such as concomitant cardiac or atherosclerotic 
peripheral vascular disease, and pharmacologic treat-
ment. Routine evaluation of a patient’s medication 
profi le by the treating clinician is necessary. Immobility 
due to muscle weakness or acute illness can also exacer-
bate pulmonary secretion stasis and cause deep venous 
thromboses, cardiac deconditioning, skin ulceration, 
bone decalcifi cation, and musculoskeletal contractures. 
Each individual’s progress with mobilization, exercise, 
and daily activity facilitation programs is monitored, 
and prescriptions are modifi ed accordingly.
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DEFINITION
Rheumatoid arthritis is a chronic infl ammatory disor-
der that primarily affects joints but may also have 
prominent extra-articular features. The arthritis is classi-
cally symmetric and affects the peripheral joints. The 
prevalence of rheumatoid arthritis is approximately 1% 
in white individuals, and it affects women about 2 to 
2.5 times more often than men. Peak incidence of rheu-
matoid arthritis is in the third and fourth decades.1-3

Classifi cation criteria are available for rheumatoid ar-
thritis and may be helpful in the evaluation of patients 
(Table 142-1). Many patients with early disease, how-
ever, will not fulfi ll these criteria.4

SYMPTOMS
Rheumatoid arthritis is a systemic disease, and symp-
toms vary according to the system involved.5-7

General
Morning stiffness is a prominent feature of rheumatoid 
arthritis. Unlike the brief stiffness (5 to 10 minutes) that 
occurs in patients with osteoarthritis, the morning 
stiffness in rheumatoid arthritis is longer than 30 to 
60 minutes and often lasts for hours. Fatigue and general-
ized malaise are also common complaints.

Joint
Patients present with joint pain and swelling. Patients 
may also complain of loss of joint function, which may 
be due to joint infl ammation or structural damage. 
Baker’s cyst can develop and cause pain or swelling of 

the popliteal fossa. If the cyst ruptures, it causes pain, 
swelling, and erythema of the calf. If the cricoarytenoid 
joint is involved, patients may complain of laryngeal 
pain, hoarseness, or diffi culty in swallowing.

Eye
Up to one third of patients will complain of dry eyes 
(keratoconjunctivitis sicca). These patients may also 
complain of foreign body sensation, burning, or dis-
charge. Patients with episcleritis will complain of red, 
painful eyes.

Skin
Patients may note small, painless subcutaneous nod-
ules, mainly over the extensor surfaces. Rheumatoid 
vasculitis will cause rash that may lead to ulceration. 
Patients with vasculitis may also complain of discolor-
ation around the fi ngertips (digital infarcts).

Neurologic
Numbness and tingling are common symptoms of 
nerve involvement. Nerves can be affected in several 
ways. Nerve entrapment results from joint infl amma-
tion. The most common site is at the wrist, where me-
dian nerve involvement causes carpal tunnel symptoms. 
Mononeuritis mutiplex is the result of vasculitis and 
presents as weakness, numbness, or tingling in discrete 
nerve distributions (e.g., footdrop or wristdrop). Cervi-
cal spine instability may lead to myelopathy, causing 
sensory symptoms and weakness, most commonly in 
the upper extremities. This can occur in the absence of 
neck pain in patients with long-standing rheumatoid 
arthritis.

Cardiac
The incidence and prevalence of coronary artery disease 
are increased in any type of chronic infl ammatory disor-
der, and this is especially evident in rheumatoid arthri-
tis. Thus, patients may present with complaints of chest 
pain, shortness of breath, diaphoresis, and other symp-
toms consistent with cardiac ischemia. Because of the 
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overall lack of mobility in this population, it has been 
reported that prevalence of angina in patients with 
rheumatoid arthritis may actually be lower than ob-
served. Other cardiac manifestations of rheumatoid ar-
thritis include myocarditis, pericarditis, atrioventricular 
block, and cardiac rheumatoid nodules. Pericardial in-
volvement is usually asymptomatic.

Pulmonary
Pleural infl ammation or nodulosis may produce typical 
symptoms of pleurisy. Shortness of breath may occur 
secondary to pleural or interstitial disease.

PHYSICAL EXAMINATION
All joints are examined for swelling, warmth, effusion, 
range of motion, and deformity. Rheumatoid arthritis is 
a symmetric polyarthritis (involvement of more than 
four joints). Fingers, feet, wrists, and knees are most 
commonly involved. The distal interphalangeal (DIP) 
joints are usually spared. Any joint can be affected. In 
rare cases, patients will present with monarthritis (in-
volvement of a single joint). Rheumatoid nodules are 
present in about 30% of patients and occur over bone 
prominences, over extensor surfaces, or in juxta-articular 
regions.5

In the hands, early rheumatoid arthritis causes fusiform 
swelling at the proximal interphalangeal (PIP) joint. 
Chronic infl ammation may lead to subluxation of the 
metacarpophalangeal (MCP) joints with ulnar devia-
tion of the fi ngers. Damage to collateral ligaments at the 
PIP joints results in the classic boutonnière (PIP joint 
fl exion and DIP joint hyperextension) and swan-neck 
(PIP joint hyperextension and DIP joint fl exion) defor-
mities (Figs. 142-1 and 142-2).

Symmetric wrist swelling is usually present in rheuma-
toid arthritis. Subluxation results from synovitis and 

TABLE 142-1  Classifi cation Criteria for Rheumatoid Arthritis*

Criterion Defi nition

Morning stiffness Morning stiffness in or around the joints lasting at least 1 hour before maximal improvement

Arthritis of three or more 
joint areas

Soft tissue swelling or fl uid in at least three joints observed by a clinician
The 14 possible joints include right or left PIP, MCP, wrist, elbow, knee, ankle, and MTP joints.

Arthritis of the hand joints At least one area swollen in a wrist, MCP, or PIP joint

Symmetric arthritis Simultaneous involvement of the same joint areas on both sides of the body
Involvement of the small joint groups (MCP joints, PIP joints, and metatarsophalangeal joints) is acceptable 

without absolute symmetry.

Rheumatoid nodules Subcutaneous nodules occurring over bone prominences, extensor surfaces, or juxta-articular regions
These must be observed by a clinician.

Serum rheumatoid factor Abnormal amounts of serum rheumatoid factor by any method for which the result has been positive in 
� 5% of normal control subjects

Radiographic changes Posteroanterior hand and wrist fi lms that demonstrate erosion or unequivocal bone decalcifi cation localized 
in or most marked adjacent to the involved joints

*A patient is said to have rheumatoid arthritis if he or she satisfi es at least four of the seven criteria. Criteria one through four must have been present for at least 6 weeks.

FIGURE 142-1. The boutonnière deformity, involving hyperextension of 
the DIP joint with fl exion of the PIP joint, also is caused by a derangement 
of the extensor mechanism—typically a rupture of the central extensor 
tendon at its insertion in the middle phalanx. Early diagnosis and pro-
longed splinting of the PIP joint in extension are necessary for successful 
treatment of this diffi cult injury. (Reprinted with permission from 
Concannon MJ. Common Hand Problems in Primary Care. Philadelphia, 
Hanley & Belfus, 1999:151.)

FIGURE 142-2. The swan-neck deformity (recurvatum) involves hyper-
extension of the PIP joint with fl exion of the DIP joint. This is caused by 
a derangement in the extensor mechanism, with a dorsal migration of 
the lateral bands. (Reprinted with permission from Concannon MJ. 
Common Hand Problems in Primary Care. Philadelphia, Hanley & Belfus, 
1999:151.)
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weakening of the ligaments and causes prominence of 
the ulnar styloid.

Infl ammation of the synovial tendon sheath is called 
tenosynovitis. This may occur in the fl exor or extensor 
tendons of the fi ngers. Examination reveals that passive 
motion is greater than active motion. Crepitus is often 
felt when the hands are placed over the tendon sheaths 
and the fi ngers are fl exed and extended. If the patient 
has a trigger fi nger, placement of one fi nger over the 
fl exor tendon while the affected fi nger is fl exed and ex-
tended will allow palpation of a nodule.

Elbow involvement is common. In early disease, infl am-
mation and effusion cause decreased extension. Effu-
sions can be palpated in the dimple (para–olecranon 
groove) found on either side of the olecranon process. 
With chronic infl ammation and erosion of the cartilage 
between the radius and ulna, loss of extension and fl ex-
ion occurs. Rheumatoid nodules are often found over 
the extensor aspect of the proximal ulna. The olecranon 
bursa may be enlarged and fi lled with fl uid or nodules.

The shoulder may be involved in rheumatoid arthritis. 
Effusions are best seen on the anterior aspect of the 
shoulder below the acromion. Evaluation of rotator cuff 
strength is important because infl ammation of the rota-
tor cuff may result in destruction. A ruptured biceps 
tendon will cause a bulge in the biceps when it is fl exed 
against resistance.

The cervical spine may have decreased range of motion 
or pain with range of motion. Physical examination is 
not adequate for assessment of stability. Patients with 
suspected cervical instability should have a thorough 
neurologic examination. Patients with cord involve-
ment may demonstrate paresthesias, weakness, or 
pathologic refl exes. Tingling paresthesias that descend 
the thoracolumbar spine on fl exion of the cervical spine 
are called Lhermitte sign (see Fig. 6-2).

The hip joint is deep, limiting evaluation for synovitis 
and effusion. An infl amed hip will cause groin pain on 
active and passive range of motion. Patients may walk 
with an antalgic gait, rapidly taking weight off the af-
fected leg. Pain in the hip region may also result from 
trochanteric bursitis. Application of pressure over the 
lateral hip region reproduces the pain from the trochan-
teric bursa. Lateral hip pain and lack of groin pain dis-
tinguish trochanteric bursitis from joint infl ammation. 
Iliopsoas bursitis may result in an inguinal mass.

The knee is commonly involved in rheumatoid arthritis. 
Small effusions can be detected by looking for a “bulge” 
sign. For the performance of this maneuver, the patient 
should be lying down. With one hand, the clinician 
makes an upward stroke to depress the medial synovial 
pouch. A downward stroke on the lateral aspect of the 
knee will result in a bulge of the medial pouch if a small 
effusion is present. A ballottable patella (patellar tap) 
indicates a larger effusion. Baker’s cyst occurs as an 
extension of synovial fl uid from the joint cavity (see 
Chapter 56). The cyst causes fullness in the popliteal 
fossa that can be seen when the patient is standing 
with his or her back facing the clinician. Erythema and 

swelling of the calf may be seen if Baker’s cyst has rup-
tured. Evaluation for hemorrhage below the malleoli of 
the ankle (the “crescent” sign) can distinguish this from 
thrombophlebitis.

The ankle may have synovitis, effusion, or decreased 
range of motion. Involvement of the hindfoot (subtalar 
and talonavicular joints) may result in valgus deformity 
and fl atfoot. Metatarsophalangeal joint involvement is 
common. Synovitis causes pain and fullness with palpa-
tion. Hallux valgus deformity is also common. Progres-
sive disease causes dorsal dislocation of the metatarso-
phalangeal joints and claw toes.

FUNCTIONAL LIMITATIONS
Functional limitations depend on the location and se-
verity of joint and extra-articular involvement. Criteria 
for the assessment of functional status have been estab-
lished (Table 142-2) and are based on activities of daily 
living, including self-care (e.g., dressing, feeding, bath-
ing, grooming, and toileting) and vocational (e.g., work, 
school, and homemaking) and avocational (e.g., recre-
ational and leisure) activities.8

Whereas radiologic changes have been shown to have 
only limited value in determining functional impair-
ment and quality of life, disability from rheumatoid 
arthritis has been directly attributed to joint damage, 
disease activity, pain, and depressive symptoms.9

DIAGNOSTIC STUDIES
Laboratory histologic fi ndings and radiographic fi ndings 
may be suggestive of rheumatoid arthritis, but no test is 
diagnostic of the disease5,10 (Figs. 142-3 and 142-4). Rheu-
matoid factor is present in the serum of 85% of patients.7
However, because rheumatoid factor is often present 
in other infl ammatory conditions, such as systemic lupus 
erythematosus, primary Sjögren syndrome, and chronic 
osteomyelitis, much debate exists about its utility in the 
diagnosis of rheumatoid arthritis as a result of low specifi c-
ity.11 Anti–cyclic citrullinated peptide antibodies have 
shown more promise as potential biologic markers because 
of sensitivities of 70% to 80% and specifi cities of 95% to 
98% in patients with established rheumatoid arthritis.12

Normochromic, normocytic anemia consistent with 

TABLE 142-2  Criteria for Classifi cation of Functional 
Status in Rheumatoid Arthritis

Class I Able to perform all activities of daily living (self-care, 
vocational, and avocational)

Class II Able to perform self-care and vocational activities, 
but limited in avocational activities

Class III Able to perform usual self-care activities, but limited 
in vocational and avocational activities

Class IV Limited in all activities of daily living (self-care, 
vocational, and avocational)
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chronic disease is often found, and the degree of anemia 
often correlates with disease activity. Acute-phase reactants, 
such as erythrocyte sedimentation rate, C-reactive protein 
concentration, and erythrocyte and platelet counts, are el-
evated. Eosinophilia may be found in patients with extra-
articular manifestations. Patients with Felty syndrome 
(rheumatoid arthritis, splenomegaly, and leukopenia) ex-
hibit low white blood cell counts and may have thrombo-
cytopenia. A variant of Felty syndrome has been described 
in which patients have large granular lymphocytes in blood 
and bone marrow in addition to neutropenia. Liver en-
zymes including aspartate transaminase and alkaline phos-
phatase are often elevated in patients with active disease.

Evaluation of fl uid taken from an affected joint will show 
an infl ammatory cell count (more than 2000 white 
blood cells). Joint fl uid should always be sent for culture 
to rule out infection and evaluated under a polarized 
microscope to exclude crystal disease. If pleurocentesis 
or pericardiocentesis is necessary, the fl uid has a low 
complement concentration, a high protein concentra-
tion, and a predominance of lymphocytes. The glucose 
concentration is characteristically extremely low or may 
even be absent.

Characteristic changes on joint radiographs include 
periarticular osteopenia and marginal erosions. Early in 
the disease, however, joint fi lms may be normal. Base-
line hand and wrist fi lms may aid in diagnosis and can 
be used to follow disease progression. Flexion and ex-
tension views of the cervical spine may demonstrate 
erosion of the odontoid and atlantoaxial subluxation. 
Pulmonary nodules or interstitial fi brosis can be seen 
on the chest radiograph. Echocardiography often re-
veals a small pericardial effusion, valvular thickening, 
or aortic root dilatation, but these are most often 
asymptomatic. Electrocardiography may reveal conduc-
tion abnormalities due to involvement of the cardiac 
conduction system by rheumatoid nodules.

FIGURE 142-3. Advanced rheumatoid arthritis—hand and wrist. Bony 
ankylosis at the wrist, penciling of the distal ulna, and marked erosive 
changes at the MCP joints with ulnar deviation of the fi ngers are classic 
fi ndings of rheumatoid arthritis. Also note the more severe involve-
ment of the carpus and MCP joints; interphalangeal joints are typically 
less severely affected. (Reprinted with permission from Katz DS, Math 
KR, Groskin SA. Radiology Secrets. Philadelphia, Hanley & Belfus, 
1998:273.)

FIGURE 142-4. Atlantoaxial subluxation—rheumatoid arthritis. There 
is marked widening of the space between the anterior arch of the atlas 
(A) and the margin of the dens (D). (Reprinted with permission from 
Katz DS, Math KR, Groskin SA. Radiology Secrets. Philadelphia, Hanley & 
Belfus, 1998:273.)

A

D

Differential Diagnosis

Crystal-induced arthritis

Gout

Pseudogout

Spondyloarthropathies

Psoriatic arthritis

Ankylosing spondylitis

Enteropathic arthritis

TREATMENT
Initial
Nonsteroidal anti-infl ammatory drugs (NSAIDs) are ef-
fective in some patients. Cyclooxygenase 2 (COX-2)–
specifi c anti-infl ammatories may reduce the incidence 
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of gastrointestinal symptoms in patients who have a 
history of bleeding or who are intolerant of traditional 
NSAIDs.

For patients with inadequate response to NSAIDs or 
poor prognostic indicators, disease-modifying antirheu-
matic drugs (DMARDs) should be initiated. Poor prog-
nostic factors include high-titer rheumatoid factor, early 
presence of bone erosion, many affected joints, extra-
articular involvement, and considerable degree of phys-
ical disability at disease onset.13

DMARDs that are prescribed include antimalarials, 
intramuscular administration of gold, sulfasalazine, 
azathioprine, methotrexate, lefl unomide, cyclospo-
rine, and cyclophosphamide.13,14 Anticytokine thera-
pies include the anti–tumor necrosis factor-� agents 
etanercept, infl iximab, and adalimumab and the 
interleukin-1 receptor antagonist anakinra. Other bio-
logic agents currently available include abatacept 
(CTLA4-Ig) and rituximab, which is a B cell–depleting 
monoclonal antibody. Several studies support the use 
of combination DMARD therapy.15 Anti–tumor necro-
sis factor-� agents used in combination with small-
molecule DMARDs such as methotrexate will often 
halt disease activity and radiologic progression of 
joint destruction.16 Corticosteroids can be very useful 
and can be administered systemically as a bridge to 
therapy with DMARDs or intra-articularly for monar-
ticular or oligoarticular involvement.

Rehabilitation
The role of occupational and physical therapy may be 
different in early or established disease and end-stage 
disease.17,18 In early disease, occupational therapy is 
directed toward education of the patient about how to 
minimize joint stress in performing activities of daily 
living. Splints may be used to provide joint rest and to 
reduce infl ammation. Splints may also allow func-
tional use of joints that would otherwise be limited by 
pain. Not all clinicians advocate this use. Paraffi n 
baths can provide relief of pain and stiffness in the 
small joints of the hands. In end-stage disease, the oc-
cupational therapist plays an important role, provid-
ing aids and adaptive devices, such as raised toilet 
seats, special chairs and beds, and special grips, that 
can assist in self-care.

Physical therapy can be very helpful in reducing joint 
infl ammation and pain. The therapist may employ a 
variety of techniques, including the application of heat 
or cold, transcutaneous nerve stimulation, and ionto-
phoresis. Water exercise (hydrotherapy) is used to in-
crease muscle strength without joint overuse. In pa-
tients with foot involvement, small alterations to 
footwear or inserts may decrease pain and provide a 
more normal gait. In end-stage disease, the goals of 
therapy are to reduce joint infl ammation, to loosen 
fi xed position of joints, to improve the function of 
damaged joints, and to improve strength and general 
condition. Local immobilization may be used to re-
duce infl ammation and pain. Nonfi xed contractures 

may be prevented or improved with periods of splint-
ing combined with goal-oriented exercise. Muscle 
strength and overall conditioning may be improved by 
static, range of motion, and relaxation exercises. In re-
cent years, aerobic and weight-bearing exercises have 
been used without detrimental effect to the joints. 
These dynamic exercises are more effective in increas-
ing muscle strength, range of motion, and physical 
capacity.19 However, high-intensity weight-bearing ex-
ercises have been shown to accelerate joint destruction 
in individuals with preexisting extensive large-joint 
damage from rheumatoid arthritis.20 Thus, the exercise 
prescription must be appropriately tailored on the ba-
sis of the degree of disease present in each patient. The 
motivation and encouragement provided by the thera-
pist should not be underestimated.

Procedures
For monarticular or oligoarticular involvement, local 
steroid injection may be used when oral medications 
fail to control joint infl ammation.

Surgery
Orthopedic intervention including joint reconstruction 
or replacement (Fig. 142-5), tendon repair, and syno-
vectomy may be indicated. Patients with suspected or 
confi rmed cervical spine involvement will need special 
consideration and handling during intubation for anes-
thesia (Fig. 142-6). Cervical spine stabilization is usu-
ally not performed unless the patient has neurologic 
symptoms.

POTENTIAL DISEASE COMPLICATIONS
The most common complication is joint destruction 
with subsequent decreased functional use of affected 
joints. Neuropathy may be due to entrapment, pressure, 

FIGURE 142-5. Hinged silicone prosthesis with grommets. Radiograph of 
implanted prostheses at the MCP joints of the index, middle, ring, and little 
fi ngers on the right hand. (Reprinted with permission from Weinzweig J. 
Plastic Surgery Secrets. Philadelphia, Hanley & Belfus, 1999:543.)
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or deposition of amyloid. Cervical instability can lead 
to myelopathy. Irregular bone edges may result in ten-
don rupture. Nodules may break down and ulcerate. 
Skin ulcerations may also occur in pressure points in 
the immobilized patient. The kidneys and gastrointesti-
nal tract may be sites of deposition in patients who de-
velop secondary amyloidosis. Scleritis may result in 
scleromalacia. As previously mentioned, cardiovascular 
disease is almost always present in aggressive or un-
treated cases.

POTENTIAL TREATMENT 
COMPLICATIONS
Medication side effects vary according to the drug 
(Table 142-3).14

Overly aggressive physical or occupational therapy can 
cause increased joint infl ammation and pain.

FIGURE 142-6. Subluxation of vertebrae in rheumatoid arthritis. The abnormal movement between vertebrae due to laxity of ligaments becomes 
more apparent in fl exion of the cervical spine. Lateral fl exion-extension views are requested if subluxation of cervical vertebrae is suspected. The ra-
diograph in A is taken in the neutral position, and the one in B is taken in fl exion. The arrowheads mark the distance between the anterior surface of 
the odontoid process and the posterior surface of the arch of the atlas. This space is increased in fl exion because of subluxation of the arch of the 
atlas on the second vertebra. The arrows show anterior slippage of the third cervical vertebra on the fourth. In a normal cervical spine, the posterior 
surface of vertebral bodies forms a smooth curve that is convex anteriorly (lordosis). This curve is disturbed and a step-like deformity is seen (arrows)
at the posteroinferior angle of the upper vertebra and the posterosuperior angle of the lower vertebra in subluxation. (Reprinted with permission 
from Mehta AJ. Common Musculoskeletal Problems. Philadelphia, Hanley & Belfus, 1997:149.)

A B

TABLE 142-3  Side Effects of Medications Used to Treat 
Patients with Rheumatoid Arthritis

Medication Side Effects

NSAIDs

Traditional Dyspepsia, ulcer, or bleeding

Renal insuffi ciency

Hepatotoxicity

Rash

Inhibit platelet function

COX-2 inhibitors Same as traditional NSAIDs, but gastro-
intestinal side effects occur less often

No platelet effect

Glucocorticoids Increased appetite, weight gain

Cushingoid habitus

Acne

Fluid retention

Hypertension

Diabetes

Glaucoma, cataracts

Atherosclerosis

Avascular necrosis

Osteoporosis

Impaired wound healing

Susceptibility to infection
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Medication Side Effects

Antimalarials Dyspepsia

Hemolysis (glucose-6-phosphate 
dehydrogenase–defi cient patients)

Macular damage

Abnormal skin pigmentation

Neuromyopathy

Rash

Gold Myelosuppression

Proteinuria or hematuria

Oral ulcers

Rash

Pruritus

Etanercept Injection site reaction

Exacerbation of infection

Cyclosporine Renal insuffi ciency

Hypertension

Anemia

Sulfasalazine Myelosuppression

Hemolysis (glucose-6-phosphate 
dehydrogenase–defi cient patients)

Hepatotoxicity

Photosensitivity, rash

Dyspepsia, diarrhea

Headaches

Oligospermia

Azathioprine Myelosuppression

Hepatotoxicity

Pancreatitis (rarely)

Lymphoproliferative disorders 
(long-term risk)

Methotrexate Hepatic fi brosis, cirrhosis

Pneumonitis

Myelosuppression

Mucositis

Dyspepsia

Alopecia

Increased rheumatoid nodules

Lefl unomide Hepatic fi brosis, cirrhosis

Myelosuppression

Dyspepsia

Alopecia

Infl iximab Infusion reaction

Exacerbation of infection

Cyclophosphamide Dyspepsia, diarrhea

Myelosuppression

Alopecia

Hemorrhagic cystitis

Ovarian and testicular failure

Teratogenicity

Malignant neoplasia

Opportunistic infection
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DEFINITION
Scoliosis (Fig. 143-1) is a postural deformity of the 
spine resulting in a lateral (coronal) deviation or curve. 
Scoliosis is associated with rotation of the vertebral 
bodies located within the curve. It affects between 3% 
and 30% of the population; about 0.25% require treat-
ment.1 The incidence of scoliosis increases with age.2
The scoliotic curve may be congenital, appearing during 
infancy (infantile scoliosis), or it may develop in child-
hood (juvenile scoliosis), adolescence (adolescent sco-
liosis), or adulthood (degenerative scoliosis). When the 
diagnosis of scoliosis is made in an adult patient, the 
curve should be defi ned as adult onset (usually degen-
erative) or adult presenting (most commonly an idio-

pathic adolescent curve that was not previously diag-
nosed). Scoliosis can result from congenital, degenerative, 
disease-related, iatrogenic, or, most commonly, idio-
pathic causes. There is increasing evidence that idio-
pathic curves relate to genetics; known candidates are 
chromosomes 6, 9, 16, and 17.3 Less common causes 
include degenerative disc disease and spondylosis, con-
genital malformation of the vertebrae, tumor, neuro-
muscular disease, and connective tissue disease.

Kyphosis (Fig. 143-2) is a sagittal deviation in spinal 
alignment or backward curve exceeding normal values. 
Normal kyphosis in the thoracic spine varies between 
20 and 40 degrees.4-6 Pathologic kyphosis occurs in as-
sociation with structural changes in the spine due to 
disease, such as osteoporotic compression fractures, tu-
mor, and Scheuermann disease (juvenile kyphosis), and 
after radiation therapy.7 It is caused by the resulting 
wedge deformity of the vertebral bodies.

SYMPTOMS
Scoliosis
The symptoms produced by scoliosis relate to the cause, 
location, and severity of the curve. The curve itself often 
does not produce symptoms or complaints, particularly 
a curve that does not exceed 20 degrees. When adult 
scoliosis is severe, pain and cosmetic deformities occur; 
pain is generally not recognized as a problem in chil-
dren. Deformity, such as humping of the back, asym-
metric shoulder or hip height, or asymmetry of breast 
size or waist contour, frequently produces psychosocial 
symptoms such as low self-esteem, anxiety, and depres-
sion, particularly among adolescents.8 These may be 
the presenting complaints. Curves that exceed 60 to 
80 degrees begin to affect other systems. They can pro-
duce shortness of breath due to restrictive lung disease 
and weakness, pain, paresthesia, or hypesthesia due to 
compression or impingement of thoracic or lumbar 
nerve roots, most commonly at the apex of the curve.9
Activity tolerance can become limited by increased en-
ergy costs for maintaining trunk stability and ambula-
tion (the determinants of gait are incompetent). Severe 
lumbar curves commonly produce low back pain, 

Synonyms
Scoliosis
Curvature of the spine
Curved spine
Crooked back
Kyphosis
Hunchback
Humpback
Roundback
Dorsum rotundum
Dowager’s hump
Scheuermann disease
Postural roundback
Postural kyphosis
Gibbus deformity

ICD-9 Codes
732.0  Scheuermann disease
732.8   Other specifi ed forms of osteochondropathy
 Adult osteochondrosis of spine
737.0  Adolescent postural kyphosis
737.10 Kyphosis (acquired) (postural)
737.11 Kyphosis due to radiation
737.12 Kyphosis, postlaminectomy
737.40 Curvature of spine, unspecifi ed
737.41 Kyphosis
737.43 Scoliosis
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FIGURE 143-1. A, Examples of scoliosis curve patterns. B, Scoliosis.

Left lumbar curve Right thoracic and 
left lumbar curve 

(double major curve) 

Right thoracic-lumbar 
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Right thoracic curve 
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FIGURE 143-2. A, Kyphotic deformities. B, Kyphosis.
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whereas severe thoracic curvature will most often result 
in psychosocial symptoms. Large curves, beyond 
50 degrees, can affect childbearing.1 If the onset of 
scoliosis is before 5 years of age, there is an association 
with plagiocephaly, congenital heart disease, inguinal 
hernia, and hip dysplasia. If such a curve exceeds 
20 degrees, magnetic resonance imaging is warranted to 
rule out central nervous system lesions.10

Kyphosis
Complaints relate to the degree and location of the ky-
phos. Intermittent aching back pain and stiffness are the 
most usual presenting complaints and are most promi-
nent at the apex of the curve. Pain and stiffness may be 
most severe when the patient is leaning forward. A com-
pensatory increase in lumbar lordosis may be present 
and associated with low back pain.4,11,12 Cardiopulmo-
nary compromise, although unusual, can also develop 
in severe cases, causing shortness of breath, fatigue, and 
poor activity tolerance.

PHYSICAL EXAMINATION
Scoliosis
Minor curves are diffi cult to detect on inspection of the 
patient. An easy way to detect a subtle thoracic or lum-
bar curve is to drop a plumb line from the occiput, or 
C7 spinous process, and inspect the spine for lateral 
deviations from this line. For routine screening, have 
the patient bend forward. The rotation associated with 
scoliosis is most easily seen in this forward fl exed posi-
tion. Asymmetry of the back contour in this position is 
due to vertebral body or rib rotation and may be quan-
tifi ed. In idiopathic curves, a trunk rotation angle of 
7 degrees roughly corresponds to a coronal curve of 
20 degrees.

Subtle indicators that can be sought on physical ex-
amination are apparent (not actual) unequal breast 
size, asymmetry of the waist fold contour, and unequal 
iliac crest and shoulder height. Scoliosis should be 
suspected with café au lait spots (often associated with 
neurofi bromatosis) or a leg length discrepancy exceed-
ing 2.2 cm.13,14 Thorough serial assessments are advis-
able every 6 to 12 months. These assessments usually 
include radiographs and focus on the degree of curva-
ture, location and extent of the curve, degree of rota-
tion, degree of skeletal maturity, correctability of the 
curve, height, vital capacity, and expiratory pulmonary 
function.

Patients with degenerative scoliosis should be examined 
for neurologic defi cits. Lower extremity strength, sensa-
tion, and refl exes should be checked when the curvature 
exceeds 40 degrees or when the patient complains of 
weakness, paresthesias, or decreased sensation regard-
less of the cause of the scoliosis.

A full evaluation of a scoliotic curve necessitates iden-
tifi cation of the cause of the curve for optimal treat-
ment and prognostication. Curves may be idiopathic 

(juvenile, adolescent), functional (muscle spasm, pos-
ture), congenital (vertebral malformation), or degen-
erative or paralytic (motor unit disease). Scoliosis 
should be treated in the context of a patient’s global 
status, and identifi cation of the underlying or idio-
pathic causes of the curve allows care to be provided 
within the context of the patient’s overall health.

Kyphosis
Increased thoracic kyphos results in a forward displace-
ment of the head and neck and a compensatory increase 
in lumbar lordosis. These are apparent on inspection. 
The rounding of the back will not be fully corrected 
with trunk extension in a prone position, but the degree 
to which the curve reverses should be noted. Thoraco-
lumbar and lumbar kyphoses are less readily appreci-
ated on inspection. The clinician should note any 
prominence of the spinous processes, which indicates 
lower spine kyphosis.15-18 Associated scoliosis should be 
sought and will be present in about one third of pa-
tients.19-21 Restricted trunk extension results from either 
deformity or pain. Tenderness to palpation may be elic-
ited over the spinous processes. Tightness of the ham-
string and pectoralis muscles is common.

A neurologic examination should be performed when 
the patient complains of weakness, sensory changes, or 
gait abnormalities. Vital capacity, peak fl ow, and other 
expiratory respiratory parameters should be performed 
when the kyphosis exceeds 40 to 50 degrees.

FUNCTIONAL LIMITATIONS
The functional limitations related to scoliosis and ky-
phosis result from the loss of spinal motion.15 A kypho-
sis-related restriction in upward gaze may affect driving 
and cause diffi culty with lying prone or swimming in a 
prone position. Loss of shoulder range of motion, par-
ticularly forward fl exion and abduction, may result from 
restricted scapular excursion over the thorax. This can 
interfere with overhead activities of daily living. Pain can 
result in limited sitting, standing, or walking tolerance.

The disruption of spinal balance that occurs will dis-
place the center of gravity, particularly with severe ky-
phosis. This increases the energy costs for standing and 
ambulation. It can also impair balance. With severe de-
formity, cardiopulmonary compromise may decrease 
endurance. If the patient perceives cosmetic deformities 
as severe, social isolation can result.

DIAGNOSTIC STUDIES
Standing anteroposterior and lateral radiographs are 
useful in the evaluation of scoliosis and kyphosis. 
Bending or supine radiographs are not usually ob-
tained but can help determine the fl exibility or cor-
rectability of the curve. Radiographs can reveal con-
genital abnormalities of the vertebral body that cause 
spinal imbalance (block, bar, or butterfl y vertebrae), 
evidence of Scheuermann disease (end-plate fl uting), 
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or lateral vertebral body wedging that is characteristic 
of idiopathic scoliosis.22 Lordosis and pelvic obliquity 
correspond well to the pain experienced by the 
patient.23

Measurement of the scoliotic curve on plain fi lms is 
done by either the Cobb or Risser method. The most 
common measurement, the Cobb angle, is determined 
by the intersection of two lines drawn perpendicular to 
the vertebral end plates that represent the maximal de-
viation of the spine (Fig. 143-3).

Plain fi lms also allow assessment of vertebral body rota-
tion and the growth centers in the ilium, vertebrae, and 
humerus. The degree of vertebral body rotation is 
gauged by the deviation from the midline of either the 
spinous process or pedicles. Rotation is graded 0 (no 
rotation) to 4 (rotation of 90 degrees or more). Epi-
physeal closure can sometimes be assessed by plain 
fi lms. Closure of the growth plates proceeds in a cepha-
lad manner. Because vertebral growth plates are not 
consistently demonstrated on plain fi lms, the iliac crest 
is a useful site for assessment of spine growth status. 
This is the Risser sign, which is graded 0 (no mineraliza-
tion) to 5 (fusion of the growth plate).

Anterior-posterior fi lms may demonstrate asymmetric 
disc degeneration; more than 20% of adult curves dem-
onstrate unilateral disc disease. Scoliosis risk increases 
with asymmetric vertebral growth (e.g., after radiation 
therapy), vertebral height loss of more than 5 mm, or 
unilateral osteophyte formation.24

Magnetic resonance imaging is indicated for specifi c 
purposes, such as identifi cation of a neurofi broma or 
diastematomyelia. If a neurologic defi cit is present, 
magnetic resonance imaging should be performed.

Electrodiagnostic studies are a useful adjunct to these 
tests for grading the severity of a neurologic defi cit. 
Somatosensory evoked potentials (tibial nerve) correlate 
with magnetic resonance imaging fi ndings and offer an-
other diagnostic option.25 Curve severity parallels verte-
bral growth pattern and velocity of curve change. If growth 
velocity is high, there is increased electromyographic 
activity in the lower convex curve.25 If surgery is being 
considered, preoperative magnetic resonance imaging or 
computed tomographic myelography is indicated.

Bone scans are helpful to exclude discitis or tumor as 
the cause of pain or spinal deformity. Bone densitome-
try demonstrates increased density on the convex side of 
the curve. This occurs even in osteoporotic patients.26

Pulmonary function testing, particularly volume and 
expiratory studies, should be performed when curves 
exceed 60 degrees.

TREATMENT
Initial
In all patients, regardless of age, it is important to iden-
tify curves that are likely to progress. Curves that are 
large (degree of curvature), double (double major, 

FIGURE 143-3. A, Measurement of idiopathic scoliosis by the Cobb angle. B, Idiopathic adolescent scoliosis. There is a primary thoracic dextroscolio-
sis (convexity to the right side) measuring 52 degrees and a compensatory lumbar levoscoliosis (convexity to the left side) measuring 47 degrees. 
(Reprinted with permission from Katz DS, Math KR, Groskin SA. Radiology Secrets. Philadelphia, Hanley & Belfus, 1998:321.)
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single major with a compensatory curve), closely packed 
(spanning a relatively small spinal segment), related to 
congenital vertebral body malformation, very rotated, 
or present in the immature spine are most likely to 
progress and require more frequent assessment and ag-
gressive intervention.24 In general, scoliotic curves of 
less than 20 degrees and kyphotic curves of less than 
40 degrees are observed through serial assessments. 
Nonsteroidal anti-infl ammatory drugs or analgesics 
may be used for pain management. Transcutaneous 
electrical nerve stimulation can be used for analgesia, 
but otherwise there is no clear role for electrical stimula-
tion in the treatment of scoliosis.

If the scoliotic curve exceeds 20 degrees or the kyphosis 
exceeds 40 degrees, assess for bracing or surgery. The 
treatment goals for idiopathic curves are to limit pro-
gression of the scoliosis or kyphosis and to maintain 
full activity, independence, and comfort. This is best 
done with education of the patient, exercise, and brac-
ing. Bracing for idiopathic adolescent curves provides 
the best correction effect, ranging between 42% and 
92%. The best correction effect is seen with use of the 
nighttime wear orthoses, such as the Chênau, Charles-
ton, and Providence braces.27-29

Rehabilitation
Exercise is benefi cial for general well-being and fl exibil-
ity and to improve posture. There is no clear evidence 
that exercise is a disease-modifying intervention for id-
iopathic scoliosis. Kyphosis may improve with cervico-
thoracic extension exercise, pelvic tilt to reduce lumbar 
lordosis, and stretching and strengthening exercise of 
the hamstring, hip fl exor, and pectoralis muscles. Exer-
cise, particularly spinal extension, abdominal strength-
ening, and hamstring stretch, is also helpful to reduce 
back pain.15,19,30

Bracing is an important part of the rehabilitation inter-
vention. Without bracing, it is 20% to 40% more likely 
that the curve will progress than if a brace is used. There 
is no consensus regarding recommended brace wear 
time per day; recommendations range between 8 and 
23 hours of daily wear. Some correction of the curva-
ture may take place with conscientious use of the or-
thosis, although the goals of orthotic treatment are to 
reduce pain and to limit progression of the curve. The 
most common brace selection is a body jacket thoraco-
lumbosacral orthosis, such as the Boston or Denver 
brace (Fig. 143-4). High thoracic and cervical curves 

FIGURE 143-4. Body jacket thoracolumbosacral orthosis, posterior 
opening.

Differential Diagnosis

Lateral listhesis

Spondylolisthesis

Morquio disease

Deformity resulting from other cause (fracture, tumor)

and kyphotic curves may require a Milwaukee cervico-
thoracolumbosacral orthosis. Bracing for idiopathic 
curves in a growing child or adolescent is maintained 
until spinal growth centers fuse. When a thoracolum-
bosacral body jacket or corset is used to decrease pain 
and to improve posture for patients with degenerative 
scoliosis, wear time depends on symptoms. Braces 
worn only at night (Providence and Charleston braces) 
offer an option that is effective and more attractive to 
the patient (Fig. 143-5).27,28 Bracing is generally more 
effective for lower thoracic and lumbar curves.25

For scoliosis associated with neuromuscular diseases, 
bracing is often withheld if the patient is ambulatory. 
When a body jacket is provided, an abdominal window 
is needed to allow respiratory excursion. Contoured or 
custom-molded seating systems that align and support 
the trunk are useful. These allow the child, adolescent, 
or adult to maintain an upright posture while seated, 
improving head control and hand function.

Procedures
There are no invasive physiatric procedures indicated 
for the treatment of scoliosis or kyphosis.
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Surgery
Surgical procedures attempt to restore spinal balance. 
The goal of surgery is to stabilize the spine through cor-
rection or control of the deformity. Improved cosmesis is 
a secondary goal. Restoration of lumbar lordosis is im-
portant.31,32 Indications for surgical correction of scolio-
sis or kyphosis include progressive deformity, instability, 
progressive or new neurologic defi cit, and cardiopulmo-
nary compromise. Surgical stabilization of the spine for 
scoliosis associated with neuromuscular disease is per-
formed earlier than for curves due to other causes. Pain, 
even when it is refractory to conservative management, is 
a controversial indication for surgery. Inability to use a 
brace and severe cosmetic deformity may be relative indi-
cations for surgery in specifi c instances.6,15,33-36

Scoliosis

Surgery addresses the coronal and rotational deformities 
by derotation and, less commonly, distraction. Any spi-
nal instability is eliminated through compression or 
bone fusion.36 Spine surgery may be complemented by 
rib resection in an attempt to improve appearance. The 
postoperative management of surgical patients varies ac-
cording to the cause of the curve, age of the patient, and 
specifi cs of the surgery. Some patients may be placed in 
a cast or body jacket to immobilize the surgical segment 
until bone fusion occurs. Cotrel-Dubousset instrumen-
tation and its various modifi cations that derotate the 
spine commonly do not require fusion, immobilization, 
or rib resection. Other surgical procedures, such as oste-
otomy and laminectomy, are done as appropriate.

Kyphosis

Various surgical approaches have been used, but anterior 
plus posterior instrumentation with fusion currently 
provides the highest success rate for lasting correction 
and pain relief.6,37,38

POTENTIAL DISEASE COMPLICATIONS
Complications of scoliosis or kyphosis result from the 
structural and degenerative changes that occur in the 
spine, along with secondary tightness or restriction due 
to soft tissue shortening. An increased incidence of 
spondylosis, facet arthropathy, spondylolisthesis, and 
spondylolysis is associated with large curves and corre-
lates with the angle and rotation at the curve apex.39-42

Such degenerative changes related to the curve are the 
most common causes of pain, but scoliosis can also pro-
duce discogenic pain.43

Foraminal, recess, or canal stenosis can occur with re-
sulting neurologic compromise.44,45 Root entrapment 
usually occurs on the concave side of the curve (rarely 
both convex and concave sides). Cauda equina com-
pression has also been reported.44 Lumbar spinal steno-
sis due to scoliosis can sometimes be differentiated 
from other types of stenosis because the disease and 
symptoms are more structural than positional. Patients 
often will not report relief of symptoms when sitting.22

Restrictive lung disease may occur as a complication 
of scoliotic curves exceeding 40 degrees or kyphosis 
in excess of 50 degrees, and cor pulmonale can com-
plicate severe kyphosis or scoliotic curves in excess of 
110 degrees.39

POTENTIAL TREATMENT 
COMPLICATIONS
Most treatment complications relate to surgery or bracing. 
Reported complications of bracing include skin break-
down, dermatitis due to an allergy to the orthotic mate-
rial, hyperhidrosis, cutaneous infection, gastroesophageal 
refl ux disease, esophagitis, and altered gastrointestinal 
motility. Psychosocial complications include low self-
esteem, altered body image, and depression.8

Surgery may cause vascular or neurologic injury, pseudar-
throsis, infection, graft donor site pain, progressive pelvic 
obliquity, painful degenerative changes in the segment 
adjacent to the level of fusion, instability, hardware 
prominence or failure, and thromboembolism.31,37 Hard-
ware complications include slippage of anchoring hooks, 
bending or fracture of a rod, wire pullout, and migration 
of the hardware. With instrumentation, there is a 10% to 
29% incidence of reoperation.46 Progression of the curve 
is possible despite surgical fi xation. In the growing ado-
lescent, the crankshaft phenomenon—progressive defor-
mity resulting from continued growth of the anterior 
spine after posterior arthrodesis—may occur. This results 
in further loss of spinal balance but is usually not a prob-
lem. The patient with degenerative scoliosis who has 
undergone otherwise successful surgery may continue to 
experience pain or restricted mobility.

Exercise-related complications are less common but in-
clude overuse conditions of the soft tissues (tendinitis, 
bursitis, sprain, strain). Complications of nonsteroidal 
anti-infl ammatory drug therapy are possible, particularly 
in the gastric, renal, and hepatic systems.

FIGURE 143-5. Providence nighttime brace. (From Scoliosis Research 
Society, Charles d’Amato, MD, and Barry McCoy, CPO, Providence, RI.)
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DEFINITION
Spasticity is often defi ned as a velocity-dependent in-
crease in muscle tone. This means that the faster the 
passive movement of the limb through its range, the 
greater the increase in muscle tone. The defi nition usu-
ally also includes clonus and fl exor and extensor muscle 
spasms (involuntary sudden muscle contractions). Spas-
ticity occurs in the context of an upper motor neuron 
lesion (brain or spinal cord disease) and in association 
with exaggerated deep tendon refl exes.

SYMPTOMS
The ability to move affected limbs actively or passively 
is reduced. Spasms may be a feature. Pain is present in 
some cases. Spasticity may be more evident during cer-
tain positions or activities (e.g., increased elbow fl exor 
spasticity in a stroke survivor while walking; adductor 
spasticity in a paraplegic individual during urinary 
catheterization).

PHYSICAL EXAMINATION
Spasticity occurs in the presence of other signs and 
symptoms of upper motor neuron damage, including 
hyperrefl exia, Babinski responses, reduced motor con-
trol, and other evidence of brain or spinal cord damage. 
Increased muscle tone in the absence of these fi ndings 
should lead to consideration of alternative causes of 
increased muscle tone, such as dystonia, Parkinson dis-
ease, paratonia associated with Alzheimer disease, or 
pain-associated muscle spasm.

Contracture and spasticity frequently coexist, and it may 
be diffi cult in some cases to determine how much con-
tracture is present in an individual with severe spasticity. 
The “clasp-knife” phenomenon, seen more commonly 
in spasticity of spinal origin, is characterized by a relax-
ation of the involved muscle after spasticity has been 
overcome. The presence and severity of ankle clonus, 
withdrawal refl exes, and extensor spasms should be 
noted. The skin should be inspected because abnormal 
positioning due to spasticity may directly cause skin 
injury (e.g., maceration of the palm due to a clenched 
fi st) or contribute to decubitus ulcer formation.

FUNCTIONAL LIMITATIONS
Functional limitations include diffi culty with ambula-
tion or brace use, diffi culty with positioning in a wheel-
chair, interrupted sleep, and diffi culty with urinary cath-
eterization or hygiene. Severe ankle inversion or ankle 
plantar fl exor spasticity may interfere with the fi t and 
function of a leg brace (e.g., ankle-foot orthosis). Spasms 
during transfers may affect functional independence for 
wheelchair users. Impaired sexual function may result 
from adductor muscle or other muscle spasms. In some 
cases, spasticity may interfere with volitional function; 
yet in others, it may serve as a partial substitute for vol-
untary muscle contraction. A common example of sub-
stitution for voluntary muscle function is the hip and 
knee extensor spasticity seen after stroke that may allow 
successful weight bearing through the weak leg and con-
tribute to restoration of walking ability.

DIAGNOSTIC STUDIES
Spasticity is a clinical diagnosis, without any specifi c 
laboratory confi rmation. Clinical measurement scales 
to quantify the severity of spasticity may be useful to 
monitor the effi cacy of treatment. The most commonly 
used scales are the Ashworth scale (and a modifi ed ver-
sion of this scale),1,2 which measures resistance of the 
muscle to passive stretch, and the Spasm Frequency 
scale, which characterizes the frequency of muscle 
spasms3 (Tables 144-1 and 144-2).

144Spasticity

Joel Stein, MD

Synonyms
Increased muscle tone
Spastic dystonia

ICD-9 Code
728.85 Spasm of muscle
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TREATMENT
Initial
A change in previously well controlled spasticity should 
always lead to consideration of possible irritants or no-
ciceptive stimuli that might be “triggering” the spastic-
ity. Examples are urinary tract infections, skin break-
down, occult fractures, and an ingrown toenail in an 
insensate limb (e.g., in a paraplegic person).

Pharmacotherapy with oral medications (Table 144-3) is 
most effective in spasticity of spinal origin, as occurs in 
spinal cord injury or many cases of multiple sclerosis. 
Oral medications are often less effective in spasticity 
resulting from stroke or traumatic brain injury. Medica-
tions commonly used include baclofen, benzodiazepines, 

tizanidine,4,5 and dantrolene.6 With the exception of dan-
trolene, these medications work centrally, at the GABA-A 
receptors (benzodiazepines), the GABA-B receptors (ba-
clofen), or the �-adrenoreceptors (tizanidine). Dan-
trolene exerts its effects directly at the muscle, preventing 
calcium infl ux at the sarcoplasmic reticulum and thereby 
reducing muscle force.

Rehabilitation
Stretching and passive range of motion are key elements 
of spasticity management, regardless of cause. These ac-
tivities serve to prevent contracture and temporarily to 
reduce increased muscle tone. Proper positioning can 
contribute to spasticity management and help prevent 
contracture. Ultrasound treatment has been used to fa-
cilitate stretching of contractures related to spasticity, 
although adequate clinical trials of effi cacy have not 
been conducted. External cooling of a spastic limb may 
provide a temporary reduction in spasticity, but this mo-
dality is generally impractical as a long-term therapy.

Splinting is another critical aspect of a comprehensive 
rehabilitation program for spasticity and can include 
prefabricated splints, low-temperature thermoplastic 
custom splints, and plaster or fi berglass casts. Physical 
therapists can instruct the patient and caregivers in ap-
propriate stretching techniques. Physical therapists with 
experience in casting can fabricate plaster or fi berglass 
casts or assist in selection of a prefabricated leg splint 
from a commercial vendor. If a sturdier device is needed 
(e.g., one that permits weight bearing through the 
device), an orthotist may be called on to fabricate a 
custom brace. Occupational therapists can similarly 
provide instruction in stretching and splinting of the 
upper extremity. Most occupational therapists are 
trained in fabrication of custom hand splints.

Procedures
Injections are an effective means of obtaining substantial 
reduction in spasticity in specifi c muscles with little risk 
of systemic side effects. Local anesthetic injections may 
be useful to assess the effi cacy and benefi ts of more per-
manent injections. Intramuscular injection of botulinum 
toxin type A (Botox) provides local relief of spasticity for 
3 to 4 months.7,8 Therapeutic effects for spasticity may be 
seen in smaller muscles with doses of 10 to 25 units; 
larger muscles may require 200 units or more. For sys-
temic toxicity to be avoided, total doses of botulinum 
toxin type A are generally limited to 6 units/kg; injection 
may be repeated every 3 months. Botulinum toxin type B 
(Myobloc) is probably effective as well, although it has 
not been studied as extensively.9-11 The use of botulinum 
toxin type B for patients who have developed resistance 
to type A has yielded mixed results.12 Perineural phenol 
injection may provide longer relief and may in some 
cases cause permanent reduction of spasticity.13 Phenol 
doses are limited to 20 mL of a 5% aqueous solution 
during any single session; the rapid elimination of phe-
nol from the body allows a subsequent injection within 
several days if it is needed.

Differential Diagnosis

Dystonia

Rigidity (e.g., Parkinson disease)

Paratonia (as may be seen in Alzheimer disease)

Pain-associated muscle spasm

Contracture

TABLE 144-1  Modifi ed Ashworth Scale2

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch and 
release or by minimal resistance at the end range of 
motion when the part is moved in fl exion or extension/
abduction or adduction

1� Slight increase in muscle tone, manifested by a catch, 
followed by minimal resistance throughout the 
remainder (less than half ) of the range of motion

2 More marked increase in muscle tone through most of the 
range of motion, but the affected part is easily moved

3 Considerable increase in muscle tone, passive movement 
is diffi cult

4 Affected part is rigid in fl exion or extension (abduction or 
adduction)

TABLE 144-2  Penn Spasm Frequency Scale3

How often are muscle spasms occurring?

0 No spasms

1 Spasms induced only by stimulation

2 Spasms occurring less than once per hour

3 Spasms occurring between 1 and 10 times per hour

4 Spasms occurring more than 10 times per hour
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Surgery
Neurosurgical intervention involves the placement of 
an intrathecal baclofen pump, a highly effective treat-
ment for individuals with intractable spasticity from 
spinal cord injury, multiple sclerosis, traumatic brain 
injury, or cerebral palsy.14-16 Intrathecal baclofen therapy 
has also been shown to reduce spasticity and to increase 
gait velocity in hemiplegic stroke,17,18 but its use re-
mains less common for this condition.

Alternative neurosurgical procedures useful in care-
fully selected patients are rhizotomy and myelotomy. 
Orthopedic surgery including tendon lengthening, 
tenotomy, and joint fusion can be performed after 
failure of more conservative measures (e.g., stretching, 
casting, blocks) to provide adequate control of spas-
ticity and contracture.

POTENTIAL DISEASE COMPLICATIONS
Permanent loss of range of motion can result from inad-
equately controlled spasticity or insuffi cient stretching 
and splinting. Contractures can hinder seating, contrib-
ute to skin breakdown, and interfere with hygiene, am-
bulation, and transfers. Spasticity can occasionally inter-
fere with the expression of underlying motor control,19

although the overall prevalence of this phenomenon 
remains unknown. The concern that spasticity might 
interfere with the restoration of motor control after 
stroke or other central nervous system injury remains 
unproven at this time.

POTENTIAL TREATMENT 
COMPLICATIONS
All of the centrally acting medications can cause signifi -
cant sedation, which often determines the upper limit 
of the dose that can be tolerated. In individuals with 
preexisting cognitive impairments (e.g., stroke, trau-
matic brain injury), this maximally tolerated dose may 
be insuffi cient to control the symptoms of spasticity, 
and alternative therapies need to be considered.

In individuals with marginal motor function who may 
be relying in part on spasticity as a substitution for 

voluntary motor control, excessive reduction in spastic-
ity may lead to reduced functional ability (e.g., loss of 
the ability to stand in a patient with paraparesis). Oral 
medication or intrathecal baclofen doses can generally 
be titrated to avoid this side effect; however, injected 
treatments (botulinum toxin, phenol) are more prob-
lematic if overtreatment occurs.

Abrupt discontinuation of oral antispasticity medica-
tions is inadvisable. Seizures have been described after 
abrupt discontinuation of baclofen, and rebound spas-
ticity is a concern with all of these medications.

Phenol poses some risk of painful dysesthesia if periph-
eral nerves with cutaneous sensory representation are 
injected. Botulinum toxin is generally well tolerated in 
therapeutic doses, but transient (3 to 4 months) weak-
ness of muscles adjacent to those targeted in treatment 
can be caused by diffusion of toxin. Dysphagia has been 
described after injection of the sternocleidomastoid and 
other cervical muscles. Injection of excessive doses of 
botulinum toxin could lead to symptoms of systemic 
botulism; this can be avoided by restricting injection to 
6 units/kg of botulinum toxin type A or less within any 
1-month period. Antibodies to botulinum toxin can 
develop after repeated injection, which can render treat-
ment ineffective, although allergic or anaphylactic reac-
tions have not been reported.

Intrathecal baclofen pump treatment can result in iatro-
genic meningitis or infection of the external surface of 
the pump. Catheter failures can result in need for surgi-
cal intervention. Both overdosage due to programming 
errors and severe withdrawal symptoms due to pump 
failure have been described.20

TABLE 144-3  Commonly Used Oral Antispasticity Medications

Medication Starting Dose Maximum Dose Common Side Effects
Relative 
Contraindications 

Baclofen 5-10 mg tid 20 mg qid* Sedation, rare hepatotoxicity Cognitive impairment

Diazepam (other benzodiaze-
pines have similar effects)

2 mg bid 10 mg qid Sedation History of benzodiazepine 
or other substance abuse

Tizanidine 2 mg tid 12 mg tid Sedation, hypotension, hepatotoxicity Cognitive impairment

Dantrolene 25 mg daily 100 mg qid Weakness, hepatotoxicity, occasional 
sedation

Liver disease

*Approved by the U.S. Food and Drug Administration only up to 80 mg/day, but many clinicians exceed this in patients who tolerate this medication well but do 
not respond to smaller doses.
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DEFINITIONS
Aphasia is a language processing disturbance that can 
involve the expression of language, the comprehension 
of language, or both. In acute stroke patients, aphasia is 
present in 21% to 38% of cases and is associated with 
high morbidity, mortality, and fi nancial cost.1 Aphasia is 
classifi ed into specifi c syndromes according to the ability 
to produce, to understand, and to repeat language.2 The 
ability to produce language is assessed in terms of fl u-
ency, which is defi ned as the rate of speech and the 
amount of effort in producing speech. Each syndrome of 
aphasia is associated with a particular set of language 
capabilities and disabilities. For example, an individual 
with Wernicke aphasia produces fl uent language, has 
impaired auditory comprehension, and has poor repeti-
tion skills. In contrast, Broca aphasia is characterized by 
nonfl uent language, relatively intact auditory compre-
hension, and poor repetition skills. Aphasia can be 
manifested in other modalities of language as well (e.g., 
reading, writing, and gestures). An overview of aphasia 
syndromes is presented in Table 145-1.

Apraxia of speech is a motor speech disorder that dis-
rupts the motor programming of the volitional move-
ments for speech.3 Apraxia of speech is characterized by 
diffi culties in orchestrating the movements of the lips, 
tongue, jaw, soft palate, vocal cords, and respiratory 
system for the production of speech. It can occur with-
out muscle weakness or impairments in receptive and 
expressive language. Even though symptoms associated 
with apraxia of speech often occur with aphasia and 
dysarthria, apraxia of speech is a distinct motor speech 
disorder.4

Dysarthria is a group of motor speech disorders result-
ing from damage to the central or peripheral nervous 
system. Dysarthria is prevalent in 10% to 65% of cases 
of acquired brain injury, depending on type and extent 
of injury and time after onset.5 Motor speech disorders 
may result from weakness, paralysis, or uncoordinated 
actions of the speech muscles and can impair articula-
tion, respiration, resonance, and phonation (voice pro-
duction). Dysarthria can be subdivided into different 
types according to the speech characteristics and under-
lying pathophysiologic process.3 Dysarthria may be due 
to structural abnormalities, such as those found in cleft 
palate and after ablative surgery. The extreme form 
of dysarthria is anarthria, in which the individual is 
entirely incapable of producing articulated speech. Indi-
viduals with dysarthria often have dysphagia, or im-
paired swallowing, regardless of the primary cause and 
time elapsed since the onset.6

Dysphonia is a term used to describe faulty or abnormal 
phonation (voice production). Although prevalence rates 
are not well established, dysphonia is commonly associ-
ated with neurogenic motor disturbances (resulting in 
paresis, paralysis, or incoordination of the vocal cords) 
found in brainstem stroke, Parkinson disease, amyo-
trophic lateral sclerosis, Guillain-Barré syndrome, myas-
thenia gravis, and multiple sclerosis, among others.3 A 
variety of secondary processes may alter the structure or 
function of the vocal cords, including vocal abusive be-
haviors (excessive talking, screaming, smoking), trauma 
(endotracheal or nasogastric intubation), surgery for la-
ryngeal structures, and diseases (laryngeal cancer, refl ux 
laryngitis).7 Dysphonia is distinguished from dysarthria 
in that dysphonia involves only the sound of the voice, 
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Synonyms
Aphasia
Dysphasia
Dysarthria
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whereas dysarthria involves the overall sound of speech, 
including resonance and articulation.

Table 145-2 summarizes the speech and language disor-
ders described in this chapter.

SYMPTOMS
Individuals with aphasia often complain of diffi culty in 
speaking, reading, writing, or understanding speech. They 
often report diffi culty in fi nding the word they wish to 
say and can become frustrated. Some aphasic individu-
als, however, are unaware of their defi cits. People with 
motor speech disorders (e.g., dysarthria, dysphonia, and 
apraxia of speech) have no diffi culty fi nding the words 
they wish to say but complain of diffi culty in making 
their speech intelligible. These individuals report no 

diffi culties with reading, writing, or auditory comprehen-
sion. Patients with right hemispheric strokes may experi-
ence diverse right hemisphere syndromes, including ab-
normal visual-spatial perception, hemispatial neglect, 
memory loss, and disorders of prosody (the rhythm, rate, 
and infl ection of speech).8

PHYSICAL EXAMINATION
During the initial interaction with the patient, it is 
important to attend to the patient’s speech intelligibil-
ity, vocal quality, language fl uency and content, and 
comprehension. Defi cits in these areas may warrant a 
referral to a speech-language pathologist for compre-
hensive evaluation by standardized testing. In the reha-
bilitation setting, the Functional Independence Measure 
is a widely accepted scale used to measure functional 
abilities including communication.9 Typical fi ndings 
are described here for the four main categories of speech 
and language disorders.

Aphasia
Findings indicative of aphasia from the speech-language 
examination may vary greatly, depending on the loca-
tion and size of the lesion in the brain (see Table 145-1). 
One classic sign of aphasia is diffi culty in comprehend-
ing language (spoken, gestural, or written). Signifi cant 
impairment can be characterized by diffi culty in follow-
ing simple commands, whereas milder impairments 
may be obvious only during lengthy or complicated 
messages. Individuals who are aphasic may also have 
defi cits in verbal expression (producing meaningful 
speech), which may be manifested as a total loss of lan-
guage, with the production of only jargon (multiple 
whole-word substitutions) or meaningless sounds. A 
person with less severe aphasia may be able to express 
basic wants and needs but have diffi culty expressing 
complex ideas in conversation. The extent of impair-
ment can vary for each modality of language and involve 
listening, reading, writing, recognition of numbers, and 
gesturing. Aphasia is not a result of decreased auditory or 
visual perceptual skills, disordered thought processes, 
impaired motor programming, or weakness or incoordi-
nation of speech musculature.1

Apraxia of Speech
The most common sign of apraxia of speech is a 
struggle to speak. This struggle is a direct result of the 
individual’s having diffi culty in fi nding the correct 
position of his or her articulators (i.e., lips, tongue). 
Speech is often halting and may contain sound substi-
tutions, distortions, omissions, additions, and repeti-
tions.3 The individual is aware of his or her speech 
errors and will attempt to correct them with varying 
degrees of success. Severe forms of apraxia of speech 
may result in the inability to produce simple words. 
Interestingly, most people with apraxia of speech can 
produce common everyday phrases or sayings (e.g., 
How are you? Have a nice day. and Thank you.) without 

TABLE 145-1 Aphasia Syndromes

Type 
of Aphasia Speech Comprehension Repetition

Broca Nonfl uent Intact Poor

Wernicke Fluent Poor Poor

Conduction Fluent Intact Poor

Transcortical 
motor

Nonfl uent Intact Intact

Transcortical 
sensory

Fluent Poor Intact

Anomic Fluent Intact Intact

Modifi ed from Damasio AR, Damasio H. Aphasia and the neuro basis of lan-
guage. In Mesulam M, ed. Principles of Behavioral and Cognitive Neurology, 
2nd ed. New York, Oxford University Press, 2000:294-315.

TABLE 145-2 Speech and Language Disorders

Disorder Defi nition

Aphasia Language processing disturbance that can involve 
the expression of language, the comprehension 
of language, or both 

Word fi nding errors and diffi culty in understanding 
language are classic indicators of aphasia.

Dysarthria Group of motor speech disorders associated with 
muscle paralysis, weakness, or incoordination 

Dysarthria often presents as slurred speech and 
does not involve language (receptive or 
expressive) processes.

Apraxia of 
speech

Motor speech disorder disrupting the motor pro-
gramming of the volitional movements for speech 

Individuals struggle to fi nd correct position of 
articulators (i.e., lips, tongue). It can occur 
without muscle weakness or impairments in 
receptive and expressive language.

Dysphonia Faulty or abnormal phonation (voice production) 
Vocal quality may sound hoarse, harsh, strained, 

or breathy.
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error. A symptom that commonly coincides with 
apraxia of speech is nonverbal oral apraxia, which is 
the inability to imitate or to follow commands to per-
form volitional movements with the mouth or tongue.3
Apraxia of speech is not caused by muscle weakness, 
decreased tone, or incoordination, nor is it the result 
of linguistic disturbances as in aphasia. Sound level 
errors in apraxia of speech are thought to be a result 
of diffi culty with motor execution and not with the 
selection of phonemes found in aphasia.4 It differs 
from dysarthria in that apraxia of speech is not a 
result of paresis or paralysis or the uncoordinated 
movements of speech muscles. Rather, it is believed to 
refl ect a disturbance in the programming of move-
ments used for speech.4 Errors heard in apraxia of 
speech are highly irregular; dysarthric errors are typi-
cally consistent and predictable.

Dysarthria
In dysarthria, speech is often characterized as being 
slurred; the predominant errors are distortions of speech 
sounds. Dysarthria may also be characterized by changes 
in a person’s rate, volume, and rhythm of speech. 
Depending on the pathophysiologic process, the fi nd-
ings will vary greatly. Table 145-3 presents an overview 
of dysarthria classifi cation.

Dysphonia
Dysphonia is characterized by a reduction or alteration 
in voice quality. Vocal quality may vary by degrees of 
loudness, breathiness, hoarseness, or harshness. A com-
mon example of dysphonia is the hoarse vocal quality 
of individuals with laryngitis. In the extreme form, 
aphonia, the individual is incapable of producing any 

voice but may be able to produce voiceless speech 
(e.g., whispering).

FUNCTIONAL LIMITATIONS
Functional limitations depend on the nature and sever-
ity of the communication impairment. Severe defi cits 
may impair the person’s ability to express daily wants 
and needs or to understand simple directions. He or she 
may not be able to effectively interact with family mem-
bers or health care workers. Less severe defi cits may al-
low the individual to express and to understand basic 
information but impair higher level activities. These may 
include the expression and understanding of complex 
and lengthy information to meet the person’s vocational 
or social needs. Speech and language impairments may 
affect the individual’s ability to read bills or newspapers 
and environmental signs, to use the telephone, to par-
ticipate in conversations, to attend school, or to obtain 
employment. Speech and language impairments may 
result in frustration and can cause disruptions in 
personal relationships, community and religious partici-
pation, and vocational functioning.

DIAGNOSTIC STUDIES
A variety of standardized instruments can be adminis-
tered by the speech-language pathologist or a neuropsy-
chologist to diagnose aphasia. The aim of these instru-
ments is to identify the pattern of symptoms to classify 
the aphasic syndrome, which is critical for the develop-
ment of individualized interventions. Similarly, there 
are structured assessments for diagnosis of dysphonia, 
apraxia, and dysarthria. These in-depth assessments in-
volve an oral-motor examination to identify the struc-
ture and function of oral musculature as well as 
the patient’s speech characteristics (i.e., rate, volume, 
intelligibility). For determination of the etiology and 
pathophysiology of dysphonia, a referral to an otolaryn-
gologist is warranted. Laryngoscopy may be necessary to 
evaluate both the structure and the function of the lar-
ynx. Biopsy is often indicated when mass lesions are 
seen. Stroboscopic examination of the larynx may re-
veal subtle abnormalities of the vocal fold motion. The 
voice spectrogram is sometimes useful for assessment of 
vocal features quantitatively.

TREATMENT
Initial
Treatment of speech and language disorders usually re-
quires referral to a speech-language pathologist. Initial 
treatment depends on the nature and severity of the 
disorder. The treatment plans for aphasia, apraxia of 
speech, dysarthria, and dysphonia not only vary greatly 
for each disorder but also need to be individualized to 
meet the patient’s communication needs. Initial inter-
vention may include education of the patient and fam-
ily about the communication impairment and effective 
compensatory strategies to facilitate communication.

TABLE 145-3 Classifi cation of Dysarthria

Type Localization Motor Defi cit

Flaccid Lower motor 
neuron

Weakness, hypotonia

Spastic Bilateral upper 
motor neuron

Spasticity

Ataxia Cerebellum Incoordination; inaccu-
rate range, timing, 
direction; slow rate

Hypokinetic Extrapyramidal 
system (basal 
ganglia circuit)

Variable speed of 
repetitive move-
ments, rigidity

Hyperkinetic Extrapyramidal 
system

Involuntary movements

Mixed Multiple motor sys-
tems (amyotrophic 
lateral sclerosis, 
multiple sclerosis)

Weakness, reduced 
rate and range of 
motion

Modifi ed from Duffy JR. Motor Speech Disorders: Substrates, Differential 
Diagnosis, and Management. St. Louis, Mosby, 1995.
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Rehabilitation
To maximize a patient’s communication skills, a speech-
language pathologist can offer specifi c strategies, exer-
cises, and activities to regain functional communication 
abilities. 

Aphasia

Intervention and activities involved in speech-language 
pathologist services in the stroke population have been 
well documented.10 Intervention is largely based on the 
specifi c aphasia syndrome diagnosed. Common thera-
peutic activities may involve naming tasks that use hier-
archical cueing techniques to improve language content 
and structure. Therapy may begin with having the client 
produce automatic speech, such as stating numbers or 

the days of the week. More diffi cult tasks may involve 
the individual’s naming of objects and describing pic-
tures. Written expression may be targeted through func-
tional activities such as writing and copying biographi-
cal information. Common activities to improve auditory 
comprehension involve following simple or complex 
commands and answering spoken questions correctly. 
Therapy to improve reading comprehension may in-
volve the client’s matching objects to written words, 
following written directions, or reading functional 
information (bills, medication labels, environmental 
signs). Activities that involve problem solving and ex-
ecutive functioning skills were shown to have a positive 
effect on verbal expression and auditory comprehen-
sion.11 Furthermore, collaboration between the speech-
language pathologist and other skilled services, such as 
occupational therapy, can improve the patient’s daily 
living skills.

The treatment plan for aphasia also includes education. 
It is important to teach the patient, family, and health 
care workers compensatory strategies to improve com-
munication skills. Environmental modifi cation and 
partner-facilitated approaches can dramatically improve 
communication success.12-14 These can include turning 
off the television to reduce distractions, speaking slowly, 
using simple language, offering pen and paper, checking 
that you are understood, and paraphrasing. Volunteers 
can be trained in use of partner-facilitated techniques. 
Training of volunteers as conversation partners by the 
Supported Conversation for Adults with Aphasia inter-
vention has been shown to be effective.15

Advances in computer technology have provided thera-
pists with effective options in treating aphasia. Com-
puter programs allow clinicians to easily design activi-
ties, to select stimulus items, to present cues, and to 
individualize reinforcements.16 Software programs also 
can be used to turn a computer into a speech output 
communication device, allowing people with severe 
aphasia to produce phrases and sentences of varying 
degrees of complexity.17

Dysarthria

Rehabilitation for dysarthria also depends on the spe-
cifi c type diagnosed. Approaches to treatment include 
medical intervention, oral prosthetic devices, and be-
havioral management.3 For example, dysarthric indi-
viduals with Parkinson disease may benefi t from dopa-
mine agonists. Palatal lifts and voice amplifi ers are 
common prosthetics used to improve intelligibility. 
There has been reported success in improving speech 
intelligibility in a stroke patient with velopharyngeal 
incompetence by providing a palatal lift and augmenta-
tion prosthesis in conjunction with behavioral manage-
ment by the speech-language pathologist.18 Behavioral 
management of dysarthria involves muscle strengthen-
ing (e.g., lip closure, tongue protrusion, tongue eleva-
tion), improvement of breath support, and modifi ca-
tion of posture. The individual is trained to use 
compensatory techniques to decrease rate of speech 
and to “overarticulate.” As with aphasia, the family is 

Differential Diagnosis

Aphasia
Confusion, delirium

Schizophrenia

Apraxia of speech

Dysarthria

Neurogenic stuttering

Echolalia

Palilalia

Selective mutism

Depression

Apraxia of Speech
Dysarthria

Aphasia

Neurogenic stuttering

Dysarthria
Apraxia of speech

Aphasia

Depression

Abulia

Dysphonia
Acute and chronic laryngitis

Laryngeal hyperfunction (abuse and misuse)

Neurogenic disorders

Psychogenic disorders (i.e., conversion dysphonia)

Spasmodic dysphonia

Structural disorders of the larynx (congenital, trau-
matic, arthritic, neoplastic)
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educated in strategies to maximize communication. 
Treatment of severe expressive dysarthria or aphasia 
may include the development of an augmentative com-
munication system in which the individual uses pic-
tures, written words, or alphabet or pictograph boards 
to communicate wants and needs. Some individuals 
can be trained to use high-tech computerized systems 
that produce synthesized speech. These computer-based 
systems can offer the individual a wider variety of 
communication topics and can be personalized to the 
individual’s needs.

Apraxia of Speech

Treatment of apraxia of speech involves techniques to 
elicit accurate voluntary speech production. The speech-
language therapist incorporates multimodality cues, 
such as modeling mouth and lip movements, using ver-
bal cues to describe accurate tongue and lip placement, 
and intoning words and sentences. Treatment approaches 
often incorporate the use of rate and rhythm control 
strategies.4 For severe cases, alternative communication 
strategies, such as writing, drawing, and communication 
books, are used to augment or to replace speech.

Dysphonia

Management of dysphonia is based on the underlying 
disorder and the pathophysiologic process. Vocal hy-
giene education and proper voicing techniques can 
improve vocal quality for individuals with vocal nod-
ules due to laryngeal hyperfunction (vocal abuse). Tech-
niques to achieve fi rmer vocal fold approximation are 
useful in individuals with decreased vocal cord move-
ment due to paresis. Laryngitis due to gastroesophageal 
refl ux disease is treated with a vigorous antirefl ux regi-
men including proton pump inhibitors.

Procedures
Injection of a paralyzed vocal cord with Gelfoam or 
Tefl on is sometimes performed to increase mass to bring 
the medial edge of the cord closer to the midline. This 
permits the mobile contralateral vocal cord to contact it, 
thereby improving phonation. This solution is usually 
only temporary, however. For cases of spasmodic dys-
phonia, an injection of botulinum toxin into the 
affected muscles can result in improved voice by correc-
tion of the motion impairment of the vocal folds.19

Surgery
Surgery is sometimes needed for treatment of voice dis-
orders. Individuals with mass lesions of the larynx may 
need surgical excision. For individuals with unilateral 
vocal cord paralysis, there are several surgical procedures 
designed to bring the paralyzed cord closer to midline to 
achieve appropriate glottal closure. Implantation of a 
small device into the paralyzed hemilarynx, pushing the 
paralyzed cord toward the midline, can provide a lasting 
improvement in voice quality. Surgical treatment of 
other speech and language disorders depends entirely on 
the cause of the underlying disease process.

Structural lesions (e.g., cleft palate) or functional disor-
ders (e.g., weakness of the palatal elevators) may cause 
inadequate seal of the velopharyngeal isthmus (the 
space between the soft palate and the pharyngeal walls). 
In either case, a surgical procedure can sometimes pro-
vide improved speech quality by narrowing or closing 
the defect.

POTENTIAL DISEASE COMPLICATIONS
Individuals with severe speech and language disorders 
may suffer extreme psychosocial consequences, includ-
ing isolation, unemployment, depression,20 alienation, 
ostracism, and inability to fulfi ll essential family roles. 
Aphasia has been shown to be a risk factor for disability 
after stroke and plays a signifi cant role in quality of life 
issues.21

POTENTIAL TREATMENT 
COMPLICATIONS
Injection or surgical implant of the larynx may result in 
complications including infection, hemorrhage, and lo-
cal tissue trauma. Injected material may gradually slip 
out of place and lose effectiveness, but this rarely leads 
to serious sequelae. Botulinum toxin injection rarely 
causes airway obstruction if the vocal folds become im-
mobilized in the medial position. Leakage of the toxin 
into adjacent muscles may worsen the voice disorder or 
produce dysphagia.
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Spinal Cord Injury (Cervical) 146
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DEFINITION
Cervical spinal cord injury (SCI) results in tetraplegia. 
The term tetraplegia (preferred to quadriplegia) refers to 
an impairment or loss of motor or sensory function in 
the cervical segments of the spinal cord due to damage 
of neural elements within the spinal canal.1 The result is 
impairment of function in the arms as well as in the 
trunk, legs, and pelvic organs. Impairment of senso-
rimotor involvement outside the spinal canal, such as 
brachial plexus lesions or injury to peripheral nerves, 
should not be referred to as tetraplegia.

In a complete SCI, sensory or motor function is ab-
sent in the lowest sacral segments S4-5 (i.e., no anal 
sensation or voluntary anal contraction is present). If 
sensory or motor function is partially preserved below 
the neurologic level and includes the lowest sacral 
segments, the injury is defi ned as incomplete.1,2 The 
American Spinal Injury Association (ASIA) Impair-
ment Scale is used in grading the degree of impair-
ment (Table 146-1). Central cord syndrome is an in-
complete SCI syndrome that applies almost exclusively 
to cervical SCI. It is characterized by greater weakness 
in the upper limbs than in the lower limbs and sacral 
sensory sparing.1

SCI primarily affects young men. However, the average 
age at injury has increased from 28.7 years in the 1970s 
to 38.0 years since 2000, and the prevalence of SCI in 
adults older than 60 years has increased from 4.7% to 

11.5% in the same time period in the National Model 
Spinal Cord Injury Systems database.3 Males account for 
about 80% of injuries. The most common cause is mo-
tor vehicle accidents, followed by falls, violence, and 
recreational sporting activities.2,3 The proportion of in-
juries due to falls has increased over time. Cervical inju-
ries occur more frequently than thoracic and lumbar 
injuries; cervical injuries accounted for 56.5% of the SCI 
database between 2000 and 2003. Since 2000, the 
most frequent neurologic category at discharge reported 
to the database is incomplete tetraplegia (34.1% of 
all SCI).

SYMPTOMS
Primary symptoms of cervical SCI are related to mus-
cle paralysis, sensory impairment, and autonomic 
impairment (including bladder, bowel, and sexual 
dysfunction). The patient can present in the outpa-
tient setting with a multitude of secondary condi-
tions4 and associated problems. Symptoms may be 
vague and nonspecifi c. For example, urinary tract in-
fections may be manifested not with classic symptoms 
of urgency and dysuria but with increased spasticity, 
increased frequency of spontaneous voiding, and leth-
argy.5 The patient with pneumonia may present with 
fever, shortness of breath, or increasing anxiety. Head-
ache may be indicative of autonomic dysrefl exia and 
may be the primary or only presentation of a variety 
of pathologic processes ranging from bladder disten-
tion, urinary infection, constipation, or ingrown toe-
nail to myocardial infarction or acute abdominal 
emergencies.6 Table 146-2 lists common presenting 
symptoms and underlying causes.

Because symptoms can refl ect a variety of underlying 
conditions, these need to be evaluated carefully. For 
example, pain in cervical SCI may be multifactorial and 
needs to be further assessed by characteristics reported 
in the history, including quality, location, onset, tim-
ing, relieving and exacerbating factors, and associated 
symptoms. Various SCI pain classifi cation systems have 
been described. In the Bryce-Ragnarsson classifi cation 
(Table 146-3), the pain is fi rst regionally localized rela-
tive to the level of SCI, that is, above level, at level, or 

Synonyms
Tetraplegia
Quadriplegia

ICD-9 Codes
344.00 Quadriplegia, unspecifi ed
344.01 C1-4, complete
344.02 C1-4, incomplete
344.03 C5-7, complete
344.04 C5-7, incomplete
344.09 Other
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below level. In the second tier of the classifi cation, pain 
is identifi ed as nociceptive or neuropathic, and then it 
is further stratifi ed into subtypes of the regionally local-
ized nociceptive or neuropathic pain types.7

PHYSICAL EXAMINATION
The neurologic examination is conducted by system-
atic examination of the dermatomes and myotomes 
(Tables 146-4 and 146-5) in accordance with Interna-
tional Standards for Neurological and Functional Classifi -
cation of Spinal Cord Injury published by ASIA.1

Depending on the presentation, specifi c elements of the 
physical examination of various body systems that are 
relevant in evaluation of SCI-related conditions may 
include the following.

Neurologic
 ● Determine the level and completeness of the in-

jury (Fig. 146-1). Conduct the examination in the 
supine position.

 ● Sensory examination for pinprick and light 
touch sensation in key points bilaterally (see 
Table 146-4)

 ● Motor examination for strength in key muscle 
groups bilaterally (see Table 146-5)

 ● Neurologic rectal examination (voluntary 
anal contraction, deep anal sensation)

 ● Determine sensory, motor, and neurologic levels.
 ● Determine completeness of injury and ASIA Im-

pairment Scale grade (see Table 146-1). If the 
ASIA Impairment Scale grade is A, determine the 
zone of partial preservation.

 ● Additional elements of neurologic examination:
 ● Position and deep pressure sensation, testing 

of additional muscles
 ● Muscle tone and spasticity
 ● Muscle stretch refl exes, bulbocavernosus refl ex, 

plantar refl ex

Respiratory
 ● Assess respiratory effort, including effect of pos-

ture (e.g., sitting versus supine).
 ● Check for paradoxical respiration and chest 

expansion.

 ● Auscultate to assess for decreased breath sounds, 
rales, and wheeze.

Cardiac
 ● Low baseline blood pressure is often a “normal” 

fi nding in SCI.
 ● Look for orthostatic symptoms or excess fall in 

blood pressure with sitting.
 ● High blood pressure may indicate autonomic 

dysrefl exia (Table 146-6).
 ● Examination of peripheral pulses may be espe-

cially important for identifi cation of peripheral 
vascular disease in the absence of claudication 
and pain symptoms.

Abdomen
 ● Examine for abdominal distention; examine 

bowel sounds for evidence of ileus.
 ● Perform anorectal examination for hemorrhoids 

and fi ssures.

Spine
 ● Identify spinal deformity and tenderness.
 ● Observe spinal precautions if the examination is be-

ing conducted in the acute or postoperative state.

Extremities
 ● Examine for range of motion, contractures, and 

swelling.
 ● Identify nociceptive sources of pain; palpate for 

tenderness.
 ● Differentiate effects of SCI (pedal edema, cool ex-

tremities) from additional pathologic processes.

Skin
 ● Examine bone prominences for erythema or skin 

breakdown.
 ● Describe any pressure ulcers: location, appearance, 

size, stage, exudate, odor, necrosis, undermining, 
sinus tracts; evidence of healing in form of granu-
lation and epithelialization; wound margins and 
surrounding tissues.8

TABLE 146-1 American Spinal Injury Association (ASIA) Impairment Scale

Grade Category Description

A Complete No sensory or motor function is preserved in the sacral segments S4-5.

B Sensory incomplete Sensory but no motor function is preserved below the neurologic level including the sacral segments S4-5.

C Motor incomplete* Motor function is preserved below the neurologic level, and more than half of key muscles below the 
neurologic level have a muscle grade less than 3.

D Motor incomplete* Motor function is preserved below the neurologic level, and at least half of key muscles below the 
neurologic level have a muscle grade 3 or more.

E Normal Sensory function and motor function are normal; the patient may have abnormalities in refl ex examination.

*There must be some sparing of sensory or motor function in S4-5 segments to be classifi ed as motor incomplete.
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TABLE 146-2 Etiology of Common Symptoms in Spinal Cord Injury

Symptom Possible Cause

Fever Infectious
  Urinary tract infection
  Pneumonia
  Infected pressure ulcer, cellulitis, osteomyelitis
  Intra-abdominal or pelvic infection
Hot environment (due to poikilothermia)
Deep venous thrombosis
Heterotopic ossifi cation
Pathologic limb fracture
Drug fever (e.g., from antibiotics or anticonvulsant pain medications)

Fatigue Nonspecifi c, but could be the only symptom of serious illness
Infection
Respiratory or cardiac failure
Side effect of medications
Depression (inquire about associated dysphoric symptoms)

Daytime drowsiness Side effect of medications (e.g., narcotics, antispasticity agents)
Nocturnal sleep apnea
Ventilatory failure with carbon dioxide retention
Depression

Shortness of breath Pneumonia
Abdominal distention (e.g., postprandial, obstipation)
Pulmonary embolus
Ventilatory impairment (can be postural with sitting up if borderline)
Cardiac causes

Diarrhea Altered bowel management schedule
Clostridium diffi cile infection
Spurious diarrhea with bowel impaction
Side effect of medications (antibiotic, excess laxative or stool softener)

Rectal bleeding Hemorrhoids
Trauma from bowel care
Colorectal cancer

Hematuria Urinary tract infection
Urinary stones
Traumatic bladder catheterization
Bladder cancer

Headache Autonomic dysrefl exia; may be associated with any noxious stimulus below injury level
Consider other causes in absence of increased blood pressure

Increased spasticity Urine infection
Pressure ulcer
Bowel impaction
Any noxious stimulus
Syringomyelia

Pain Multiple nociceptive and neuropathic causes (see Table 146-3)

Unilateral leg swelling Osteoporotic fracture of the lower extremity
Deep venous thrombosis
Heterotopic ossifi cation
Cellulitis
Hematoma
Invasive pelvic cancer

New weakness or 
numbness

Syringomyelia
Entrapment neuropathy (median at wrist, ulnar at elbow)
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TABLE 146-3  Bryce-Ragnarsson Classifi cation of Pain 
after Spinal Cord Injury

Location Category Type Etiologic Subtype

Above level Nociceptive 1 Mechanical, 
musculoskeletal

2 Autonomic dysrefl exia 
headache

3 Other
Neuropathic 4 Compressive 

neuropathy
5 Other

At level Nociceptive 6 Mechanical, 
musculoskeletal

7 Visceral
Neuropathic 8 Central

9 Radicular
10 Compressive 

neuropathy
11 Complex regional 

pain syndrome
Below level Nociceptive 12 Mechanical, 

musculoskeletal
13 Visceral

Neuropathic 14 General
15 Other

TABLE 146-4  Key Sensory Points for Cervical Spinal 
Segments

Level Key Sensory Point

C2 Occipital protuberance
C3 Supraclavicular fossa
C4 Top of the acromioclavicular joint
C5 Lateral side of the antecubital fossa
C6 Thumb, dorsal surface, proximal phalanx
C7 Middle fi nger, dorsal surface, proximal phalanx
C8 Little fi nger, dorsal surface, proximal phalanx
T1 Medial side of antecubital fossa

TABLE 146-5  Key Muscle Groups for Cervical 
Myotomes*

Level Muscle Group

C5 Elbow fl exors (biceps, brachialis)

C6 Wrist extensors (extensor carpi radialis longus 
and brevis)

C7 Elbow extensors (triceps)

C8 Finger fl exors (fl exor digitorum profundus) to the 
middle fi nger

T1 Small fi nger abductors (abductor digiti minimi)

*For those myotomes that are not clinically testable by manual muscle 
examination (e.g., C1 to C4), the motor level is presumed to be the same 
as the sensory level.

TABLE 146-6  Symptoms and Signs of Autonomic 
Dysrefl exia

Sudden, signifi cant increase in blood pressure

Pounding headache

Flushing of the skin above the level of the SCI, or possibly below

Blurred vision, appearance of spots in the patient’s visual fi elds

Nasal congestion

Profuse sweating above the level of the SCI, or possibly below 
the level

Piloerection or goose bumps above the level of SCI, or possibly 
below

Bradycardia (may be a relative slowing only and still within 
normal range)

Cardiac arrhythmias

Feelings of apprehension or anxiety

Minimal or no symptoms, despite a signifi cantly elevated blood 
pressure

FUNCTIONAL LIMITATIONS
Tetraplegia is associated with several functional limitations 
based on the level and completeness of injury.9 Additional 
factors, such as age, comorbid conditions, pain, spasticity, 
body habitus, and psychosocial and environmental fac-
tors, can affect function after cervical SCI. A survey of indi-
viduals with tetraplegia conducted to rank seven functions 
in order of importance to their quality of life revealed that 
the greatest percentage ranked recovery of arm and hand 
function as their highest priority10 (Table 146-7).

The Consortium for Spinal Cord Medicine has devel-
oped clinical practice guidelines on outcomes after SCI 
with expected functional outcomes for each level of in-
jury in a number of domains.9,11 Expected functional 
outcomes and equipment needs for each level of com-
plete cervical SCI are summarized here.

Level C1-4
 ● Movement possible: neck fl exion, extension, rota-

tion (and preserved shoulder shrug with C4 level)
 ● Pattern of weakness: total paralysis of trunk, up-

per extremities, lower extremities
 ● Dependent on ventilator (most C4 and some C3 

may be weaned off ventilator); unable to cough
 ● Expected functional outcomes:
 ● Independent in instructing others in care
 ● Independent in power wheelchair with chin, 

head, or breath control
 ● Independent in pressure relief in power chair 

with equipment
 ● Total assist with bowel, bladder, bed mobility, 

transfers, eating, dressing, grooming, bath-
ing, manual wheelchair propulsion, and 
transportation

 ● Equipment needed: ventilator and suction equip-
ment; mouthstick; power or mechanical lift; power 
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wheelchair with tilt or recline (with postural sup-
port and head control devices as needed); pressure 
relief cushion; backup manual wheelchair; adapted 
feeding equipment; long-handled mirror; envi-
ronmental control unit; reclining shower-com-
mode chair; hospital bed; pressure relief mattress; 
attendant-operated van with tie-down

Level C5
 ● Movement possible: shoulder fl exion, abduction, 

and extension; elbow fl exion and supination
 ● Pattern of weakness: absent elbow extension, pro-

nation, all wrist and hand movements; total pa-
ralysis of trunk and lower extremities

 ● Can get elbow fl exion and forearm supination 
contractures due to unopposed biceps

 ● Low endurance and vital capacity; may require 
assistance to clear secretions

 ● Expected functional outcomes:
 ● Independent in power wheelchair mobility; inde-

pendent to some assist with manual wheelchair 
indoors on non-carpet level surface; some to total 
assist outdoors

 ● Independent pressure relief and positioning with 
equipment

 ● Total assist in bowel, bladder, bathing, and lower 
extremity dressing

 ● Some assist with upper extremity dressing, bed 
mobility; independent eating with equipment 
after setup

 ● Can be independent in transportation in van with 
highly specialized equipment and lift

 ● Equipment: power wheelchair with tilt or recline; 
backup manual wheelchair; pressure relief cushion; 

TABLE 146-7  Functional Recovery Priorities of Persons 
with Cervical Spinal Cord Injury

Area of Functional 
Recovery

Percentage Surveyed Ranking 
as the Most Important Item

Arm and hand function 48.7

Sexual function 13.0

Trunk stability 11.5

Bladder and bowel  8.9

Walking movement  7.8

Normal sensation  6.1

Chronic pain  4.0

From Anderson KD. Targeting recovery: priorities of the spinal cord–injured 
population. J Neurotrauma 2004;21:1371-1383.

FIGURE 146-1. Standard neurologic classifi cation of spinal cord injury. (Reprinted with permission from American Spinal Injury Association. Interna-
tional Standards for Neurologic Classifi cation of Spinal Cord Injury. Chicago, American Spinal Injury Association, 1996.)
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power or mechanical lift; long opponens splint 
(with pocket for inserting utensils); adapted feeding 
equipment; long-handled mirror; padded shower-
commode chair or padded tub bench with com-
mode cutout; hospital bed; pressure relief mattress

Level C6
 ● Movement possible: forearm supination, radial 

wrist extension
 ● Pattern of weakness: absent wrist fl exion, elbow 

extension, hand movement; total paralysis of 
trunk and lower extremities

 ● Avoid overstretch of fi nger fl exors to preserve te-
nodesis

 ● Expected functional outcomes:
 ● Independent in power wheelchair; independent 

indoors with manual wheelchair propulsion; 
needs some to total assist outdoors

 ● Independent pressure relief and positioning with 
equipment or adapted techniques

 ● Some to total assist for bladder and bowel
 ● Some assist for bed mobility; some assist to inde-

pendent in level transfers, and some to total assist 
for uneven transfers

 ● Independent eating (except cutting); indepen-
dent dressing and bathing upper body; assist for 
lower body

 ● Independent driving a modifi ed van (with sensi-
tized hand controls) from wheelchair

 ● Equipment: power wheelchair; lightweight man-
ual wheelchair with modifi ed rims; transfer board; 
mechanical lift; short opponens splint (with 
pocket for inserting utensils); adapted equipment 
for feeding, dressing, and grooming as needed; 
universal cuff; long-handled mirror; padded 
shower-commode chair or padded tub bench 
with commode cutout; hospital bed or full to 
king standard bed; pressure relief mattress

Level C7-8
 ● Movement possible: elbow extension, ulnar wrist 

extension, wrist fl exion, fi nger fl exion and exten-
sion; thumb fl exion, extension, abduction

 ● Pattern of weakness: paralysis of trunk and lower 
extremities; limited grasp release and dexterity of 
hand due to intrinsic muscle weakness

 ● Expected functional outcomes:
 ● Independent in manual wheelchair propulsion; 

may need some assist with uneven terrain
 ● Independent in level transfer; may need some as-

sist with uneven transfers
 ● Independent pressure relief and positioning
 ● Some to total assist for bowel, independent to 

some assist for bladder; males can perform inter-
mittent catheterization

 ● Some assist for bed mobility; some assist to inde-
pendent in level transfers, and some to total assist 
for uneven transfers

 ● Independent eating, grooming, dressing, and bath-
ing upper body; may need assist for lower body

 ● Independent in light meal preparation and home-
making; assistance with heavy housekeeping

 ● Independent driving a modifi ed van from cap-
tain’s seat; independent car if independent with 
transfer and wheelchair loading

 ● Equipment: manual lightweight wheelchair; 
transfer board, if needed; adapted equipment 
for feeding, dressing, and grooming as needed; 
universal cuff; long-handled mirror; shower-
commode chair or padded tub bench with com-
mode cutout; hospital bed or full to king standard 
bed; pressure relief mattress

DIAGNOSTIC STUDIES
Spinal Imaging
Radiologic studies are performed to localize the site of 
the pathologic change. Magnetic resonance imaging is 
especially helpful because of its ability to visualize the 
soft tissues, including ligamentous structures, intraver-
tebral discs, epidural or subdural hematomas, and hem-
orrhage or edema in the spinal cord. Magnetic reso-
nance imaging with gadolinium is helpful in diagnosis 
of post-traumatic syringomyelia.

Electrodiagnostic Testing
Electromyography and nerve conduction studies may be 
helpful in distinguishing lesions of the peripheral nerves 
or brachial plexus from those of the spinal cord when 
patients present with neurologic worsening.12

Urologic Studies
Urodynamic studies assess neurogenic bladder and 
sphincter dysfunction. Tests to evaluate upper urinary 
tracts may be indicated on a periodic basis, but there 
currently is not a uniform consensus on the type 
or frequency of these tests.4 Periodic cystoscopy may 
be indicated in those with chronic indwelling uri-
nary catheters because of increased risk of bladder 
cancer.13

Pulmonary Function
Patients who are at high risk for pulmonary complica-
tions, such as those with high tetraplegia or with 
concomitant chronic obstructive airway disease, may 
require yearly measurements of forced vital capacity 
and repeated evaluations when new symptoms arise.14

Chest radiographs will show evidence of pneumonia 
or atelectasis. Sputum culture and Gram stain will 
identify the involved pathogens and help guide anti-
biotic therapy.

Musculoskeletal Imaging
Radiographic evaluation may be needed in case 
of suspected fracture or to evaluate pain. Heterotopic 
ossifi cation may be assessed with a bone scan in 
addition to plain radiographs.11 If a pressure ulcer 
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about optimal frequency and specifi c elements. Because 
all body systems are potentially affected by cervical SCI, 
long-term management needs to be comprehensive as 
summarized here.

Respiratory Prompt identifi cation and treatment of re-
spiratory infections are important.17 Measures such as 
smoking cessation and pneumonia and annual infl u-
enza vaccinations are vital in reducing respiratory prob-
lems.4 Manually assisted cough methods can be taught 
to patients and caregivers. It is important to recognize 
and to address worsening ventilatory function if it occurs 
with aging or after other complications.

Cardiovascular Autonomic dysrefl exia is a life-threat-
ening emergency, and persons with tetraplegia can be 
at lifelong risk. Prompt identifi cation and manage-
ment are critical. The Consortium for Spinal Cord 
Medicine has published clinical practice guidelines for 
the acute management of autonomic dysrefl exia.6 If 
the patient has signs and symptoms of dysrefl exia (see 
Table 146-6), the blood pressure is elevated, and the 
individual is supine, immediately sit the person up. 
Loosen any clothing or constrictive devices. Monitor 
the blood pressure and pulse frequently. Quickly sur-
vey for instigating causes, beginning with the urinary 
system. If an indwelling urinary catheter is not in 
place, catheterize the individual. Before the catheter is 
inserted, instill lidocaine jelly (if it is readily available) 
into the urethra. If the individual has an indwelling 
urinary catheter, check the system along its entire 
length for kinks, folds, constrictions, or obstructions 
and for correct placement of the indwelling catheter. If 
a problem is found, correct it immediately. Avoid 
manual compression of or tapping on the bladder. If 
the catheter is not draining and the blood pressure 
remains elevated, remove and replace the catheter. If 
the catheter cannot be replaced, consult a urologist. If 
acute symptoms of autonomic dysrefl exia persist, in-
cluding a sustained elevated blood pressure, suspect 
fecal impaction. If the elevated blood pressure is at or 
above 150 mm Hg systolic, consider pharmacologic 
management to reduce the systolic blood pressure 
without causing hypotension before checking for fecal 
impaction. Use an antihypertensive agent with rapid 
onset and short duration (e.g., nifedipine bite and 
swallow, 2% nitroglycerin ointment, or prazosin) 
while the causes of autonomic dysrefl exia are being 
investigated, and monitor the individual for symptom-
atic hypotension. If fecal impaction is suspected, check 
the rectum for stool. If the precipitating cause of auto-
nomic dysrefl exia is not yet determined, check for 
other less frequent causes. Monitor the individual’s 
symptoms and blood pressure for at least 2 hours after 
resolution of the autonomic dysrefl exia episode to 
make sure that it does not recur. If there is poor re-
sponse to the treatment specifi ed or if the cause of the 
dysrefl exia has not been identifi ed, strongly consider 
admitting the individual to the hospital to be moni-
tored, to maintain pharmacologic control of the blood 
pressure, and to investigate other causes of the dysre-
fl exia. Document the episode in the individual’s medi-
cal record. Once the individual with SCI has been 

Differential Diagnosis

Cervical spinal stenosis with myelopathy

Spinal infections, abscess

Primary or metastatic tumors

Brainstem disease

Lesions of the brachial plexus

Disorders involving multiple nerves (e.g., polyneurop-
athy, Guillain-Barré syndrome)

appears to involve the bone, magnetic resonance 
imaging or bone scan may be helpful to evaluate for 
osteomyelitis.5

TREATMENT
Initial
Initial management includes adequate immobilization 
and prevention of secondary injury. Physiatric consulta-
tion and intervention in an acute setting should address 
range of motion, positioning, bowel and bladder man-
agement programs, clearance of respiratory secretions, 
ventilatory management, consideration of venous 
thromboembolic prophylaxis, prevention of pressure 
ulcers, input about functional implications of options 
for surgery and spinal orthosis, and education of the 
patient and family.15

Rehabilitation
Information about potential for motor recovery can be 
used to set functional goals and to plan for equipment 
needs (as described for each level in the previous sec-
tion on functional limitations), keeping in mind that 
individual factors and coexisting conditions may affect 
achievable goals.9 Important elements of rehabilitation 
include an interdisciplinary approach, establishment of 
an individualized rehabilitation program with consider-
ation of unique barriers and facilitators, and inclusion 
of the patient as an active participant in establishment 
of goals.11

In addition to the post-acute rehabilitation that follows 
the injury, lifelong rehabilitation interventions are often 
indicated to address changes in neurologic status, new 
goals, or functional decline associated with medical 
complications and comorbidities, changes in living sit-
uation, and aging.16 Home modifi cations should be in-
stituted to ensure accessability.11

Ongoing Management and Health Maintenance

There is general consensus that comprehensive preven-
tive health evaluations for individuals with SCI are im-
portant,4 although there is not uniform agreement 
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stabilized, review the precipitating causes with the in-
dividual and caregivers and provide education as nec-
essary.6 Individuals with tetraplegia and their caregiv-
ers should be able to recognize and to treat autonomic 
dysrefl exia and taught to seek emergency treatment if 
it is not promptly resolved.

Treatment of symptomatic orthostatic hypotension11

addresses any exacerbating causes (e.g., medications, 
dehydration, or sepsis). Nonpharmacologic measures 
include postural challenges, abdominal binder, com-
pression stockings, and increased salt intake. Pharmaco-
logic treatment is administered if it is needed (e.g., with 
ephedrine, fl udrocortisone, or midodrine).

Primary and secondary prevention of cardiovascular 
disease includes smoking cessation, diet and weight 
control, lipid management, screening for and treatment 
of hypertension and glucose intolerance or diabetes, 
and individualized exercise program.18 For evaluation 
of coronary artery disease, a modifi ed or pharmacologic 
stress test is often needed in these individuals, and if a 
cardiac rehabilitation program is required, it can be 
adapted for wheelchair users.

Genitourinary The goals of bladder management 
(Table 146-8) are to ensure low pressure and com-
plete voiding, to minimize urinary tract complica-
tions, to preserve upper urinary tracts, and to be com-
patible with the individual’s lifestyle.13 Anticholinergics 
(e.g., oxybutynin, tolterodine) may be indicated for 
detrusor hyperrefl exia and �-adrenergic blockers (pra-
zosin, terazosin, tamsulosin) for detrusor-sphincter 
dyssynergia. Urinary infections should be identifi ed 
and treated promptly, but antibiotics are generally not 
recommended for asymptomatic bacteriuria.5 There is 
little role for prophylactic antibiotics, except before 
urologic procedures.

Counseling and education are key elements of managing 
sexual dysfunction. Phosphodiesterase type 5 inhibitors 

(sildenafi l, tadalafi l, vardenafi l) may be used to treat 
erectile impairment, although care needs to be taken to 
avoid simultaneous use of nitrate-based medications to 
treat autonomic dysrefl exia, which could result in severe 
hypotension.4 Other options include intracavernosal 
injections, devices, and implants. Advances in electroe-
jaculation and fertility care have increased the fertility 
success rate for men with SCI. Female fertility is not af-
fected once menses return, which typically occurs within 
1 year of injury. Pregnancy and delivery in women with 
SCI carries risks, including autonomic dysrefl exia, and 
close follow-up is recommended.4

Gastrointestinal The goals of bowel management are to 
facilitate predictable and effective elimination and to 
minimize bowel incontinence.19 A scheduled individu-
alized bowel program should be established, which 
typically includes refl ex stimulation maneuvers, laxa-
tives (stool softeners, stimulants), dietary interventions, 
and adequate fi ber intake. Laxatives and enemas should 
be kept to a minimum. One should beware of fecal im-
paction presenting as spurious diarrhea and pay due 
attention to new bowel symptoms.

Skin Education of the patient, regular pressure relief 
practices, and prescription of pressure-reducing support 
surfaces are vital for prevention of pressure ulcers.8
Daily comprehensive skin inspections should be carried 
out by the patient or caregiver, with particular attention 
to vulnerable insensate areas (e.g., sacrum-coccyx, is-
chii, trochanters, and heels). Adequate nutritional in-
take is important. Management of pressure ulcers is 
discussed further in Chapter 140.

Neurologic If spasticity is painful or continues to inter-
fere with function after institution of a stretching and 
positioning program and treatment of any exacerbating 
factors, medications are often indicated.20 Table 146-9 
lists commonly used medications, although documented 
evidence of effi cacy is insuffi cient for most.21 Chapter 144 

TABLE 146-8  Nonsurgical Options for Management of the Neurogenic Bladder 
in Spinal Cord Injury

Bladder Management Indications

Intermittent catheterization Often the fi rst choice, if feasible
Need suffi cient hand skills or willing caregiver
Must be willing and able to follow catheterization time schedule

Indwelling catheterization 
(urethral or suprapubic)

Consider for poor hand skills and lack of caregiver assistance
Not able or willing to follow intermittent catheterization schedule
High fl uid intake
Lack of success with less invasive measures
Temporary management of vesicoureteral refl ux
Choose suprapubic with epididymo-orchitis, prostatitis

Credé and Valsalva Generally avoided in cervical SCI (unless the patient had sphincterotomy)

Refl ex voiding Hand skills or willing caregiver to put on condom catheter, empty leg bag
Confi rmed small postvoid residual volumes, low voiding pressure
Able to maintain condom catheter in place
Need to also decrease detrusor-sphincter dyssynergia, if present (e.g., 

with � blocker, botulinum toxin injection, stent, sphincterotomy)
Not an option for female patients
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provides additional discussion about spasticity. Selective 
tightening (e.g., wrist extensors for tenodesis or back ex-
tensors for sitting balance) may be important for func-
tion in tetraplegia. Neurologic worsening (e.g., due to 
focal neuropathy, syringomyelia) should be investigated 
and addressed appropriately.12

Musculoskeletal Measures for upper extremity preser-
vation after SCI should be instituted early and fol-
lowed lifelong. These include optimization of equip-
ment and wheelchair to minimize upper extremity 
stresses, activity modifi cation to minimize repetitive or 
excessive upper extremity forces during daily activities 
and transfers, and individualized exercise program in-
corporating appropriate fl exibility and strengthening 
components.22

It is important to recognize and to address contributing 
factors to pain, which is often multifactorial7 (see Table 
146-3). Pain medications (see Table 146-9) often do 
not provide complete or optimal relief.20

Heterotopic ossifi cation is treated with etidronate so-
dium, nonsteroidals, and occasionally surgical resec-
tion, especially if it is interfering with function or com-
fort.11 Pathologic fractures should be recognized and 
treated with padded splints or bivalved circular casts, 
monitoring of skin integrity, and often only a limited 
role for surgical treatment.12 The role for pharmacologic 
treatment of osteoporosis in SCI is still evolving. Fall 
prevention (education, wheelchair lap belts) is impor-
tant to prevent injuries.

Psychosocial It is important to address environmental 
barriers (physical and attitudinal), to promote self-
effi cacy, and to optimize participation and commu-
nity integration in response to changes in the living 
situation and social support, functional decline, and 
aging. Depression should be identifi ed and treated 
adequately, and substance abuse prevention and treat-
ment programs should be offered.23

Procedures

Pressure Ulcers

Sharp débridement of pressure ulcers may be done at 
the bedside to remove necrotic tissue, although if it is 
extensive, débridement may need to be done in the op-
erating room.

Spasticity

Motor point or nerve blocks with phenol or alcohol 
may be helpful in treating localized spasticity that 
interferes with positioning, mobility, or hygiene. 
Intramuscular injections of botulinum toxin are an-
other option.

Pain

Shoulder pain due to subacromial bursitis may 
be temporarily responsive to local corticosteroid 
injections, as is the discomfort from carpal tunnel 
syndrome.22

Surgery

Spine Surgery

When cervical spine injury is accompanied by me-
chanical instability, pain, deformity, or progressive 
neural impairment, surgical decompression and seg-
mental instrumentation may be indicated for recon-
struction of spinal alignment, stability, and early 
mobilization.12,15

Pressure Ulcers

Plastic surgery may be indicated for deep pressure 
ulcers. This includes excision of the ulcer and sur-
rounding scar and muscle and musculocutaneous fl ap 
closure.22

TABLE 146-9  Medications Commonly Used for 
Spasticity and Pain in Spinal Cord Injury*

Problem Drug Class Medication

Spasticity GABA related Baclofen

Gabapentin

�2 Agonist Tizanidine

Clonidine

Benzodiazepine Diazepam

Clonazepam

Calcium release inhibitor Dantrolene

Local injection Botulinum toxin

Phenol, alcohol

Intrathecal agents Baclofen

Pain Nonopioid analgesic Acetaminophen

Tramadol

Nonsteroidal anti-
infl ammatory 
drugs, salicylates

Opioid Morphine sulfate

Oxycodone

Hydrocodone

Fentanyl 
(transdermal)

Anticonvulsant Gabapentin

Carbamazepine

Other (phenytoin, 
valproic acid, 
lamotrigine)

Tricyclic antidepressant Amitriptyline

Nortriptyline

Local anesthetic Lidocaine patch

Neuroblocking cream Capsaicin

Intrathecal agents Morphine, clonidine

*The list is not meant to be exhaustive but includes examples of commonly 
used medications.
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Spasticity

If spasticity is not controlled with maximum dosages of 
oral medications, or if a patient is unable to tolerate the 
medications, the placement of an intrathecal baclofen 
pump may be considered.

Motor Function

Reconstructive surgery of the upper extremity with ten-
don transfers may improve motor function by one level, 
typically in those with a neurologic level at C5, C6, or 
C7. Depending on the level of injury, restoration of 
wrist extension, elbow extension, and key grip strength 
or improvement of active grasp and hand control may 
be an appropriate goal.24

Functional electrical stimulation has been used in SCI 
to improve motor function, including upper limb con-
trol, standing, and walking, as well as for electrophrenic 
respiration for ventilator-free breathing.11

Bladder Dysfunction

Surgical treatment of urolithiasis includes cystoscopic re-
moval of bladder stones, lithotripsy, and percutaneous 
nephrolithotomy for larger renal stones. Endourethral 
stents or transurethral sphincterotomy may be considered 
in individuals with detrusor-sphincter dyssynergia.13 Elec-
trical stimulation and posterior sacral rhizotomy may be 
considered for individuals who have problems with cath-
eterization, have good bladder contractions, have no ex-
tensive bladder fi brosis, and are willing to lose refl ex 
erections.13 Bladder augmentation may be indicated for 
intractable bladder contractions with incontinence and in 
those at high risk for upper tract deterioration. Urinary 
diversion may be an appropriate option for unsalvageable 
bladders secondary to urethral fi stula and in individuals 
with bladder cancer requiring cystectomy.13

Bowel Dysfunction

Patients with neurogenic bowel who have signifi cant 
diffi culty or complications with typical bowel care may 
have improved quality of life after colostomy. Careful 
selection of patients and individualization are required 
in consideration of this surgery.19

Upper Extremity Pain

Surgery may occasionally be considered for chronic upper 
extremity overuse-related symptoms that are unrespon-
sive to medical and rehabilitative treatment (e.g., for car-
pal tunnel syndrome or rotator cuff disease). Outcomes 
are often poor if upper extremity overuse continues.22

Post-traumatic Syringomyelia

Surgical placement of shunts may be indicated for post-
traumatic syringomyelia associated with intractable 
pain or progressive neurologic decline.

POTENTIAL DISEASE COMPLICATIONS
Cervical SCI is associated with multiple complications 
that can involve every body system.

Respiratory
Respiratory problems include atelectasis, mucous plugs, 
and pneumonia secondary to impaired cough and re-
tention of secretions; ventilatory failure with high tet-
raplegia; and sleep-disordered breathing.17

Cardiovascular
Patients with cervical SCI are prone to multiple car-
diovascular complications throughout life.18 Auto-
nomic dysrefl exia may occur in SCI above the T6 
neurologic level and can be precipitated in response 
to any noxious stimulus below the level of injury. 
Symptomatic orthostatic hypotension often resolves 
after the fi rst few months but may be persistent in 
some cases. Although venous thromboembolism risk 
is reduced after the initial months, it can increase even 
in chronic SCI in the setting of prolonged immobili-
zation associated with medical illness or in the post-
surgical state. Cardiovascular fi tness is reduced and 
cardiovascular risk factors can be adversely affected 
(e.g., reduced high-density lipoprotein cholesterol, 
increased body fat and insulin resistance, decreased 
physical activity). Diagnosis of cardiovascular disease 
may be delayed because of confusing or absent symp-
toms and signs.18

Genitourinary
Neurogenic bladder is associated with loss of volun-
tary control, detrusor-sphincter dyssynergia, and in-
complete bladder emptying. Complications include 
urinary tract infection, bladder and kidney stones, 
vesicoureteral refl ux, and hydronephrosis with renal 
impairment. Bladder cancer risk is increased with 
chronic indwelling catheter, especially in smokers.13

Erectile and ejaculatory dysfunction occurs, and sperm 
quality may be impaired.4

Gastrointestinal
There is loss of voluntary bowel control, anorectal 
dyssynergia, and reduced rectal expulsive force.19 Fecal 
impaction may occur. Anorectal problems include 
hemorrhoids, fi ssures, proctitis, and prolapse. Gall-
stone risk is increased. Gastroesophageal refl ux is 
common. False-positive results of examination for fe-
cal occult blood may complicate colorectal cancer 
screening.

Skin
Pressure ulcers are common and may increase with du-
ration of injury. Previous occurrence of a pressure ulcer 
is an important predictor of future pressure ulcers.8

Metabolic and Endocrine
Hyponatremia may be a persistent problem in some 
patients. Carbohydrate and lipid metabolism is affected, 
and there may be glucose intolerance associated with 
relative insulin resistance.16 A reduction in bone mineral 
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density with secondary osteoporosis is common in 
chronic SCI and affects both the upper and lower ex-
tremities in those with tetraplegia.

Neurologic
Neuropathic pain can be persistent and have a negative 
impact on quality of life. Entrapment neuropathies (me-
dian nerve at wrist, ulnar at elbow) and post-traumatic 
syringomyelia can result in neurologic deterioration.12

Musculoskeletal
Overuse syndromes include shoulder pain and rotator 
cuff problems.12,22 Contractures may occur without due 
attention to range of motion and positioning. Hetero-
topic ossifi cation, which is the development of ectopic 
bone within the soft tissues surrounding peripheral 
joints, occurs in SCI most commonly around the hip, 
followed by the knees, elbows, and shoulders.11 It is 
further discussed in Chapter 123. Pathologic fractures 
may occur even with trivial injury because of severe os-
teoporosis.12

Psychosocial
SCI can increase the potential for stress, isolation, and 
depression.23 Alcohol and substance abuse risk seems to 
be increased.

POTENTIAL TREATMENT 
COMPLICATIONS
Spinal pain at the surgical site may result from loosening, 
infection, or broken hardware. Instability or neurologic 
deterioration may be due to inadequate spinal immobi-
lization. Surgical shunts can become blocked or infected, 
and intrathecal pumps or catheters may malfunction.

Complications of urethral catheterization include ure-
thral trauma, erosions, strictures, urinary infections, and 
epididymitis.13 Chronic indwelling catheters increase the 
risk of stones and squamous cell carcinoma of the blad-
der. Complications may occur with surgical procedures 

for SCI-related problems, such as neurogenic bladder. For 
example, transurethral sphincterectomy may be associ-
ated with signifi cant intraoperative and perioperative 
bleeding and erectile and ejaculatory dysfunction. Poste-
rior sacral rhizotomy done in conjunction with electrical 
stimulation of the bladder may result in loss of refl ex erec-
tion and ejaculation and reduction of refl ex defecation. 
Urinary diversion procedures may be followed by intesti-
nal or urinary leak, infection, ureteroileal stricture, stomal 
stenosis, and intestinal obstruction due to adhesions.13

Because people with SCI are often prescribed multiple 
medications, drug-related side effects and complica-
tions are common. Cervical SCI can result in altered 
pharmacokinetics25 in multiple ways (Table 146-10), 
which further increases unpredictability of side effects.

TABLE 146-10 Pharmacokinetic Changes in Spinal Cord Injury

SCI-Related Change Impact on Pharmacokinetics

Delayed gastric emptying Rapid absorption of acidic drugs

Delayed absorption of basic drugs

Reduced gastrointestinal motility Increased absorption of drugs that undergo enterohepatic circulation

Decreased bioavailability of drugs that are destroyed by gut bacteria

Reduced blood fl ow to skin and muscle Less reliable transcutaneous, subcutaneous, and intramuscular drug 
absorption below injury level

Increased percentage of body fat Effect on fat- and water-soluble drug distribution

Reduced plasma protein level Increased free fraction of protein-bound drugs

Impaired kidney function Reduced renal elimination of drugs
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DEFINITION
Spinal cord injury (SCI) is a common cause of paralysis, 
particularly in young men (Table 147-1). Just more than 
one third of all injuries to the spinal cord occur at the 
thoracic level, most commonly at T12.1 Compromise to 
the thoracic spinal cord typically results in paraplegia. 
Unlike paraplegia that results from compromise of the 
cauda equina associated with lumbar spine injuries, the 
clinical fi ndings are consistent with upper motor neu-
ron injury. However, lower limb paralysis is not the only 
impairment. The thoracic spinal cord also segmentally 
innervates the intercostal muscles as well as the upper 
and lower abdominal muscles. The intercostal muscles 
are innervated by the T1 to T12 spinal segments. The 
upper abdominal muscles are innervated by the T8 to 
T10 spinal segments; the T11 to T12 spinal segments in-
nervate the lower abdominal muscles.2

A quantitative three-dimensional anatomy of the tho-
racic spine reveals three distinct zones: the cervical-
thoracic transition zone, the middle region, and the 
thoracic-lumbar transition zone.3,4 The T1-4 region 
is characterized by a narrowing of the vertebral end 
plate and spinal canal widths.3 The middle thoracic 
region (T4-9) is notable for its relatively narrow end 
plate and small spinal canal. The rib articulations pro-
vide an increased degree of protection at this level. An 
enlargement of the spinal canal characterizes the 
lower thoracic region (T10-12).3 There is also less ri-
gidity of the spine at the T11 and T12 segments be-
cause of the lack of ventral attachment of the ribs.3
Therefore, there is an increased vulnerability to SCI at 
the lower thoracic levels. Compared with the cervical 
and lumbar spinal levels, the blood supply is more 
tenuous in the thoracic spinal cord, and therefore 

ischemia poses a greater threat to neurologic function 
in this area.4

Weakness, loss of sensation, and spasticity are the most 
common sequelae of a thoracic SCI. Issues commonly 
encountered in the outpatient clinic include pressure 
ulcer, urinary tract infection, dysrefl exia, bowel irregu-
larity, depression, sexual dysfunction, thrombosis, se-
vere spasticity, heterotopic ossifi cation, contractures, 
osteoporosis, and pain.

In an analysis of long-term medical complications 
among subjects enrolled in the National Spinal Cord 
Injury Statistical Center database, pressure ulcers were 
the most commonly reported postinjury complication. 
McKinley and colleagues5 reported a 15.2% incidence 
of pressure ulcers in the fi rst annual follow-up postin-
jury year. The rates increased steadily during all follow-
up years in both complete and incomplete SCIs. Com-
mon sites for pressure ulcers are the sacrum, greater 
trochanter, and heels. The human and economic costs 
of pressure ulcers are enormous. Excessive pressure, 
shearing, friction, and maceration can increase the risk 
for pressure ulcers. Other risk factors include spasticity, 
impaired sensation, immobility, poor nutrition, weight 
gain, and incontinence.6

Neurogenic bowel and bladder are also complications 
of thoracic SCI. Most patients with thoracic-level SCI 
will have upper motor neuron bladder dysfunction. 
Low urinary volumes, high bladder pressures, bladder 
trabeculation, and diminished bladder compliance 
characterize upper motor neuron bladder dysfunction. 
Detrusor-sphincter dyssynergia (co-contraction of the 
bladder and sphincter) is common. Detrusor-sphincter 
dyssynergia can contribute to vesicoureteral refl ux, 
which may result in hydronephrosis and subsequent 
chronic renal failure.

Sexual desire is not necessarily affected by SCI. How-
ever, associated depression, fears of inadequacy, and 
poor body image may consequently alter sexual desire. 
Sexual function (e.g., erection and ejaculation in men 
and lubrication in women) in patients with thoracic-
level injuries may be altered. In general, patients with 
more complete lesions have more impairment. Men 
with thoracic-level lesions (with intact sacral refl exes) 

147Spinal Cord Injury (Thoracic)

Jane Wierbicky, RN, BSN, and Shanker Nesathurai, MD

Synonym
Paraplegia

ICD-9 Code
344.1 Paraplegia

R E H A B I L I T A T I O N

Ch147_871-878-X4007.indd 871Ch147_871-878-X4007.indd   871 3/18/08 4:31:21 PM3/18/08   4:31:21 PM



872 R E H A B I L I T A T I O N

generally can achieve refl ex erections with direct genital 
stimulation. However, many times, these refl ex erec-
tions are of insuffi cient rigidity and duration for satis-
factory vaginal penetration.7

SCI predisposes individuals to both deep venous throm-
bosis and pulmonary embolism. According to one 
study, the risk of death resulting from pulmonary em-
bolism for patients with acute SCI is 210 times greater 
than for a similar healthy population.8 The risk de-
creases to 19.1 times normal in postinjury years 2 to 5. 
The risk further decreases to 8.9 times normal for those 
who survive for more than 5 years.8 Putative mecha-
nisms include immobility as a result of paralysis and 
failure of the venous-muscle pump.

Osteoporosis among patients with SCI is common. Im-
mobilization and the lack of weight-loading activities are 
among the chief causes of osteoporosis. Other factors may 
include alterations in blood circulation, lack of muscle 
traction on bone, and hormonal changes.9 Osteoporosis 
in the lower extremities is the most common presentation 
in the individual with a thoracic-level lesion. The loss of 
bone density develops in the acute stage of injury, with 
demineralization occurring below the level of injury.10

Patients with SCI are at signifi cant risk for long bone frac-
ture, and care must be taken to prevent fractures resulting 
from range of motion exercises and falls.

Heterotopic ossifi cation, the development of bone in 
soft tissues (see Chapter 123), is most often seen in the 
fi rst 6 months after injury in the spinal cord–injured 
population.11 The incidence of heterotopic ossifi cation 
among individuals with SCI ranges from 20% to 30%. 

It is estimated that 18% to 37% of those developing 
heterotopic ossifi cation will experience a signifi cant loss 
of joint mobility.12

Psychosocial adaptation subsequent to SCI is a lifelong 
process. There is no single “classic” presentation of this 
phenomenon. Anger, hostility, anxiety, and depression 
often result from overwhelming losses confronting this 
population. Suicide is among the leading causes of 
death in these patients.

Individuals with SCI above the T6 level are also suscep-
tible to autonomic dysrefl exia as a result of the disrup-
tion of the autonomic nervous system pathways. Auto-
nomic dysrefl exia, which results in elevated blood 
pressure, is usually precipitated by noxious stimuli be-
low the level of the lesion. The major splanchnic out-
fl ow exists at the T6 to L2 levels.13 The afferent impulses 
generated by the noxious stimuli ascend in the cord, 
stimulating sympathetic neurons in the intermediolat-
eral gray matter and initiating sympathetic vasoconstric-
tor refl exes.13 This massive sympathetic outfl ow is unop-
posed by higher cortical modulating centers because of 
the lesion in the spinal cord. Baroreceptors in the aorta 
and carotid arteries detect the increased pressure and 
vagal stimulation occurs, resulting in bradycardia.14 Au-
tonomic dysrefl exia is a medical emergency, and prompt 
medical intervention is required.15 The Consortium for 
Spinal Cord Medicine has established clinical practice 
guidelines for the treatment of autonomic dysrefl exia, 
published by the Paralyzed Veterans of America. If it is 
untreated, autonomic dysrefl exia can lead to seizure, 
intracerebral hemorrhage, or even death.

SYMPTOMS
The presenting symptoms of thoracic SCI are consistent 
with the alteration to the motor, sensory, and autonomic 
pathways. The chief symptoms are weakness or paralysis 
of the abdominal and lower extremity musculature and 
loss of sensation in the lower limbs, thorax, and perineum. 
Altered bowel and bladder function and sexual dysfunc-
tion may also be expected. In the outpatient setting, the 
patient may complain of lower extremity spasticity, pain, 
and symptoms of autonomic dysrefl exia (in patients with 
a thoracic cord lesion of T6 or higher). Patients with SCI 
are often insensate to the pain that accompanies deep 
venous thrombosis, and therefore both the clinician and 
the patient should be attentive to clinical signs such as 
edema, erythema, and increased tone. Heterotopic ossifi -
cation may mimic deep venous thrombosis because the 
symptoms include swelling, decreased range of motion, 
erythema, increased spasticity, pain, and low-grade fever.

Pain originating from either musculoskeletal or neuro-
logic sources is common. Neuropathic pain resulting 
from central or peripheral nervous disruption may be 
described as burning or shooting. An analysis of the 
National Model Spinal Cord Injury Systems database 
revealed an 80.5% overall prevalence of pain.16 The 
prevalence of pain was greater in the respondents with 
paraplegia (64.5%) compared with people diagnosed 
with tetraplegia (58.7%).16

TABLE 147-1  Demographic Comparison of Gunshot 
Spinal Cord Injury with Nonviolent 
Spinal Cord Trauma

Gunshot SCI (%)
Nonviolent 
Traumatic SCI (%)

Gender

  Male 95.1 79.7

  Female 4.9 20.3

Ethnicity

  White 9.8 51.5

  Non-white 91.2 48.5

Marital status

  Never married 70.7 38.9

  Married 19.5 44.3

  Not married 9.8 16.8

Employment status

  Employed 41.5 75.4

  Unemployed 58.5 24.5

Mean age 27.1 42.2

Modifi ed from McKinley WO, Johns JS, Musgrove JJ. Clinical presentations, 
medical complications, and functional outcomes of individuals with gunshot 
wound–induced spinal cord injury. Am J Phys Med Rehabil 1999;78:102-107.
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Autonomic dysrefl exia is characterized by elevated sys-
tolic and diastolic blood pressure, pounding headaches, 
nasal congestion, anxiety, visual disturbances, pallor 
below the level of injury, and sweating and fl ushing 
above the level of injury. In patients with an old, stable 
injury who are experiencing new or progressive symp-
toms (e.g., increasing weakness, loss of sensation), the 
clinician should consider the possibility of a syrinx.

PHYSICAL EXAMINATION
The diagnosis of a thoracic-level SCI necessitates a thor-
ough physical examination because of the multisystem 
complications that may ensue. The initial evaluation of 
the patient also includes the assessment of vital signs, re-
spiratory function, skin integrity, and bowel and bladder 
function; an examination is performed for the presence of 
spasticity, pain, and contractures. In thoracic SCI, pressure 
ulcers are more common over bone prominences such as 
the sacrum, calcaneus, and greater trochanter.

New neurologic abnormalities on physical examination 
should alert the clinician to consider imaging studies to 
exclude a syrinx. Classic physical examination fi ndings 
include change in sensory level, change in motor level, 
and refl ex abnormality as well as increased muscle tone.

FUNCTIONAL LIMITATIONS
Persons who suffer from thoracic SCI can have signifi -
cantly different levels of disability, depending on their 
degree of paralysis and associated potential complica-
tions (e.g., contractures, spasticity). A patient with high 
thoracic paraplegia (i.e., T2 level) typically has some 
component of truncal instability; as a result, the pa-
tient’s wheelchair requires a high back. In contrast, a 
person with low thoracic paraplegia generally has pres-
ervation of most of the intercostal and abdominal 
muscles and could opt for a chair with a low back. In-
tercostal muscle impairment in patients with SCI in the 
upper thoracic region may cause an impaired cough and 
a decreased ability to mobilize secretions.

Functional goals for individuals with thoracic SCI in-
clude the ability to independently complete activities of 
daily living with or without the use of assistive equip-
ment. Tasiemski and colleagues17 have described a posi-
tive association of involvement in sports and recre-
ational activities with increased life satisfaction in a 
community sample of people with SCIs. Numerous 
sports and recreational organizations offer adaptive 
sports programs for people with disabilities.

Bowel and bladder function may cause social embar-
rassment, leading to self-imposed social isolation. Sex-
ual dysfunction may result in a loss of intimacy. The 
availability of partners is a concern for many patients 
because their disability and environmental and social 
barriers may preclude their involvement in some of the 
more typical dating activities.

Depression is common in patients with SCI; reported 
rates of depression in the newly injured range between 

20% and 44%.18 Depression has been associated with 
an increase in secondary complications and poor com-
pliance with self-care activities.18 Referral to mental 
health professionals is encouraged for patients at risk.

DIAGNOSTIC STUDIES
The diagnosis of thoracic SCI is often corroborated with 
magnetic resonance imaging. The stability of the injury is 
assessed by evaluation of the anterior, middle, and poste-
rior columns of the spine. Magnetic resonance imaging is 
also the study of choice when a syrinx is suspected.

Urodynamic testing is commonly used to evaluate blad-
der function in the individual with SCI. Urodynamic 
studies involve fi lling of the bladder with fl uid or gas 
and use of electromyographic and fl uoroscopic tech-
niques to evaluate voiding function. Annual evaluations 
often include an ultrasound examination to further as-
sess the integrity of the renal system.

Patients with grade IV pressure ulcers may require a bone 
scan to detect osteomyelitis. The triple-phase bone scan 
is also used in the diagnosis of heterotopic ossifi cation 
(see Chapter 123). Doppler surveillance studies are com-
monly performed to detect deep venous thrombosis in 
this highly susceptible population (see Chapter 118). 
Laboratory tests, such as elevated serum alkaline phos-
phatase level, are used to assess for heterotopic ossifi ca-
tion. Routine colonoscopy and fecal occult blood testing 
may be appropriate for patients 50 years and older.19 In 
patients susceptible to autonomic dysrefl exia, appropri-
ate precautions must be used during colonoscopy.

Differential Diagnosis

Amyotrophic lateral sclerosis

Post-traumatic syringomyelia

Guillain-Barré syndrome

Spinal cord infarction

Ischemic injury to spinal cord (i.e., secondary to abdomi-
nal and thoracic aneurysms)

Multiple sclerosis

Transverse myelitis

TREATMENT
Initial

Skin Management

The maintenance of skin integrity is an ever-present goal 
in patients with SCI. Pressure ulcer formation will lead 
to the development of scar tissue and an even greater 
likelihood of ulcer recurrence. Skin breakdown can be 
prevented by ensuring that seating and bedding surfaces 
are optimal. Seating surfaces should be reevaluated on a 
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regular basis. A cushion that may have been satisfactory 
previously may currently be worn out. Patients with sub-
stantial weight changes should have their seating systems 
reevaluated.

Excessive pressure, shear forces, and moisture should be 
minimized. Patients are encouraged to perform daily 
skin examinations. Most paraplegic patients are able to 
independently perform pressure-relieving strategies, 
such as wheelchair pushups. These techniques should 
be performed every 15 minutes to minimize excessive 
pressure. Patients are encouraged to minimize pressure 
by turning frequently when in bed and using a pressure-
relieving mattress.

Patients who develop a pressure ulcer must eliminate 
pressure to that area until the wound is healed. A variety 
of débridement methods are available for removal of 
necrotic debris from pressure ulcers. These methods in-
clude normal saline wet to dry gauze dressings, whirl-
pool therapy, irrigation, and chemical débridement 
agents (see Chapter 140).

Pain

In individuals who have pain, the specifi c condition 
should be addressed (e.g., rotator cuff tendinitis, lateral 
epicondylitis). The presentation of pain among the SCI 
population can be varied in nature; both neuropathic 
pain and pain resulting from abnormal mechanical 
stresses (e.g., tendinitis) are common. Non-narcotic 
analgesics and nonsteroidal anti-infl ammatory drugs 
can be used to treat musculoskeletal causes of pain. 
Neuropathic pain generally is not responsive to these 
medications; however, tricyclic antidepressants and anti-
seizure medications have been effective in its treatment 
but should be prescribed with caution.20

Bladder Management

Bladder management strategies should be individualized. 
In general, intermittent catheterization is the preferred 
treatment option. A typical intermittent catheterization 
program requires bladder emptying four to six times 
per day. Catheterization volumes should remain less than 
500 mL. Most paraplegic patients have the manual dexter-
ity to perform self-catheterization. However, some indi-
viduals, because of biologic or sociomedical factors, must 
use indwelling catheters (either suprapubic or urethral). 

Indwelling catheters are associated with a higher incidence 
of bladder stones and bladder carcinoma.21 In addition, 
in men, urethral catheters are associated with prostatitis, 
epididymitis, and urethral strictures.

The overriding goals of a bladder management program 
are to maintain socially acceptable continence and 
to minimize the long-term urologic sequelae of SCI. 
Detrusor-sphincter dyssynergia can be treated with 
medical interventions (see Chapter 129) that decrease 
bladder tone (e.g., oxybutynin) or decrease sphincter 
tone (e.g., terazosin).

Bowel Management

The patient with thoracic-level injuries will most likely suf-
fer from constipation; therefore, a bowel program is neces-
sary. A reasonable goal for a bowel regimen is to achieve 
socially acceptable fecal continence, with bowel evacua-
tions at least three times per week. A bowel regimen may 
include medications (Table 147-2). In addition, bowel 
evacuation is scheduled after a meal to capitalize on the 
intrinsic increase in peristalsis after meals (i.e., the gastro-
colic refl ex). Bowel care programs done on a raised toilet 
seat use the benefi ts of gravity. Digital stimulation (gentle 
insertion of the fi nger) of the rectum or insertion of a sup-
pository can activate the rectocolic refl ex by stimulating 
peristalsis and promoting regular bowel movements. Glyc-
erin and bisacodyl are colonic irritants that can be deliv-
ered by suppository, which can be a useful adjunctive 
agent in a bowel regimen. Enemas (Fleet, soapsuds) 
should not be part of a regular bowel program; however, 
these agents are useful in providing a clear gut before a 
bowel program is begun or for treating fecal obstipation.19

The administration of an enema can precipitate auto-
nomic dysrefl exia in susceptible patients.

Mental Health

In individuals suffering from depression or other psy-
chological sequelae, consultation with an appropriate 
mental health care professional is recommended. Con-
tinued follow-up is encouraged, when appropriate.

Sexual and Reproductive Function

Many patients with SCI have numerous questions and 
fears about sexuality and sexual function. Treatment 
should address concerns related to body image, dating, 

TABLE 147-2  Oral Adjunctive Bowel Medications19

Medication Brand Mechanism of Action Strength Dose

Docusate sodium Colace Stool softener 100 mg (capsules) 1 tablet bid

Senna Senokot Colonic stimulant 8.6 mg (tablets) 1-2 tablets ghs

Bisacodyl Dulcolax Colonic irritant 5 mg (tablets) 2 tablets qd

Psyllium powder Smooth Texture Sugar-Free 
Unfl avored Metamucil

Bulk-forming agent 5.4 g per tsp 1 tsp qd-tid

Metoclopramide Reglan Prokinetic agent 10 mg (tablets) 1 tablet qid

Adapted from Bergman S. Bowel Management. In Nesathurai S, ed. The Rehabilitation of People with Spinal Cord Injury, 2nd ed. Malden, 
Mass, Blackwell Science, 2000:53-58. 
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and initiation and maintenance of intimate relationships. 
Peer counselors can share their experiences, and their ad-
vice can be benefi cial. Peer counselors may be located 
through local independent living centers or through local 
chapters of the National Spinal Cord Injury Association. 
In addition, mental health professionals (e.g., psycholo-
gists, psychiatrists, social workers) can be a valuable re-
source to the patient and rehabilitation team.

Several options available to men with erectile dysfunc-
tion include oral medications (e.g., sildenafi l), vacuum 
devices, penile injection programs (papaverine), and sur-
gically implanted prostheses. Ejaculatory dysfunction is 
also common, including retrograde ejaculation into the 
bladder.22 Chronic SCI is also associated with poor se-
men quality and decreased spermatogenesis.23 Elevated 
scrotal temperatures (from chronic sitting) and frequent 
urinary tract infections may negatively affect semen qual-
ity. Although studies have indicated that less than 10% of 
men with SCI report ejaculation, fatherhood has become 
a possibility with use of semen retrieval methods such as 
penile vibrostimulation and electroejaculation along 
with improved assisted reproductive technology.24 A chart 
review by Kafetsoulis and associates25 revealed successful 
semen retrieval by electroejaculation or vibrostimulation 
in 95% of the SCI cases reviewed. The risk of autonomic 
dysrefl exia exists among susceptible patients with an in-
jury level of T6 and above; therefore, assisted semen re-
trieval should be initiated by medical teams well trained 
in semen retrieval methods and the treatment of auto-
nomic dysrefl exia.26

Women with thoracic-level lesions may note changes in 
vaginal lubrication. However, at this level, women may 
achieve refl ex lubrication, much like men achieve refl ex 
erection.22 Direct stimulation of the genital region may 
result in suffi cient lubrication. A water-soluble lubricant 
is recommended for patients with complaints of de-
creased vaginal lubrication.

Orgasm for both men and women after injury may be 
nonexistent, described as a primarily emotional event, 
or a pleasurable sensation in the pelvic region or sen-
sory level with generalized muscle relaxation.22

Women with thoracic-level SCI remain fertile. Contra-
ceptive options include barrier methods (condoms, dia-
phragm) and oral contraceptives. Intrauterine contra-
ceptive devices are contraindicated because of the lack 
of sensation and the risk for development of pelvic in-
fl ammatory disease. Patients with SCI are at increased 
risk for the development of thromboembolism, and the 
administration of oral contraceptives further increases 
this risk.

The care of pregnant women with SCI has special chal-
lenges. Potential complications include premature la-
bor, increased risk of urinary tract infection, increased 
spasticity, autonomic dysrefl exia, and constipation. In 
pregnancy, autonomic dysrefl exia presents most fre-
quently during labor; therefore, hemodynamic moni-
toring is considered for all at-risk patients.27

Pregnant women with thoracic SCI levels above T10 may 
be unable to sense fetal movements and contractions. 
Therefore, uterine palpation, serial cervical examinations, 

and fetal monitoring may be recommended. Regional 
anesthesia is preferred.28

Deep Venous Thrombosis

The patient with SCI is often administered fractionated 
or unfractionated heparin during the initial weeks after 
injury. Thigh-high compression stockings and pneumatic 
compression boots may also be used in the initial postin-
jury period. For more details on the prevention and treat-
ment of deep venous thrombosis, see Chapter 118.

Spasticity Management

Spasticity should be treated when it results in signifi cant 
pain, contributes to contractures, impairs hygiene, inter-
feres with functional tasks, or obstructs nursing care. In 
the fi rst instance, clinically signifi cant spasticity should 
be treated by removal of noxious stimuli that may be 
contributing to the condition, such as urinary tract infec-
tion, ingrown toenails, and tight clothing. Second, physi-
cal interventions such as daily stretching of muscles with 
terminal sustained stretch can be considered. If these are 
unsuccessful, medications such as tizanidine and ba-
clofen can be prescribed (see Chapter 144 for details).

Heterotopic Ossifi cation

Treatment may include the administration of etidro-
nate, which limits ossifi cation, and physical therapy to 
maintain range of motion (see Chapter 123).

Osteoporosis

Supplementation with vitamin D is often recommended, 
although calcium supplementation remains controver-
sial because of the associated risk of urinary calculi.20

Others have investigated the use of alendronate and 
cyclical etidronate in the prevention of osteoporosis in 
this population9 (see Chapter 131).

Autonomic Dysrefl exia

To treat autonomic dysrefl exia, it is necessary to re-
move the precipitating noxious stimulus. Patients 
should be placed in an upright position, if possible, to 
decrease blood pressure, and a search for a causative 
agent is initiated. The majority of cases of autonomic 
dysrefl exia are related to bladder distention or bowel 
distention.13 However, noxious stimuli such as in-
grown toenails, pressure ulcer, and renal calculi are not 
uncommon. Vasodilating medications such as nitro-
paste may be required to decrease the blood pressure 
while the clinician seeks the causative factor.29 Nitrates 
are contraindicated in individuals who have ingested 
sildenafi l, as the nitrates can potentiate the hypoten-
sive effects of sildenafi l and cause severe hypoten-
sion.26 For more details on the treatment of dysrefl exia, 
see Chapter 129.

Rehabilitation
Rehabilitation focuses on helping the patient to function 
at optimal levels. Thus, supervised physical or occupa-
tional therapy should address improvement of strength in 
all active muscle groups and range of motion in all joints. 
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Mobility is a major issue that needs to be addressed both 
initially and then periodically as the patient’s condition 
changes (e.g., women who become pregnant may require 
assistance with functional activities as the pregnancy pro-
gresses).

Adaptive equipment, such as long-handled shoehorns 
and reachers, can be recommended.

Passive interventions, such as therapeutic heat and cold 
as well as transcutaneous electrical nerve stimulation, 
may be benefi cial in the management of pain. However, 
particular caution must be used with therapeutic heat or 
cold modalities over insensate areas.

Physical interventions, such as daily stretching of mus-
cles with terminal sustained stretch, can be considered 
a fi rst-line rehabilitative treatment for spasticity. Posi-
tioning as well as casting and splinting of the affected 
limbs can minimize spasticity.

Procedures
A number of procedures can be used to address issues 
such as spasticity and pain. Interventional approaches 
for the treatment of spasticity include botulinum toxin 
injection, motor branch blocks, and peripheral nerve 
blocks (see Chapter 144). To decrease sphincter tone in 
men, botulinum toxin can be injected into the sphinc-
ter. This treatment in women is associated with an unac-
ceptably high incidence of urinary incontinence. A pa-
tient with dysrefl exia caused by a bladder stone may 
require a urologic procedure for stone removal. For men 
with ejaculatory dysfunction, retrieval of sperm for in-
semination has been successfully accomplished by elec-
troejaculation and vibrostimulation methods. These 
procedures may result in dysrefl exia and are performed 
under medical supervision.

Surgery
Pressure ulcers that do not heal with conservative meth-
ods may require surgical closure. Direct closure, skin 
grafts, musculocutaneous fl aps, and skin fl aps are among 
the surgical treatments available for wound closure. 
Mobilization after surgical closure must be done under 
close supervision, with careful monitoring of the surgi-
cal wound.

A variety of surgical procedures are used in patients who 
cannot be satisfactorily maintained on an intermittent 
catheterization program. Sphincter tone can be reduced 
with a sphincterotomy for men. Men must wear external 
collection devices after this procedure because it results in 
continuous incontinence. Sphincterotomies may occa-
sionally require revision because of the development of 
fi brosis that obstructs outfl ow. Sphincterotomies may re-
sult in erectile dysfunction in some men. In contemporary 
practice, sphincterotomies are performed less frequently.

Bladder augmentation is occasionally performed to in-
crease bladder capacity. A piece of small bowel is inter-
posed with the bladder tissue to increase vesical volume. 
Patients with chronic dysrefl exia resulting from persistent 

bowel management diffi culties, such as frequent impac-
tion, may be candidates for ileostomy or colostomy pro-
cedures. Patients with hemorrhoids aggravated by digital 
stimulation occasionally require surgical consultation if 
the hemorrhoids are not relieved by more conservative 
methods (e.g., medicated suppositories or topical steroid 
creams).

On occasion, men with erectile dysfunction that is not 
amenable to lesser invasive therapies may opt for an 
implantable penile prosthesis. Again, with the intro-
duction of medications to treat erectile dysfunction, 
these surgeries are less frequently performed. Surgical 
placement of an intrathecal morphine or baclofen 
pump may be benefi cial for patients with severe pain 
or spasticity that is not responsive to noninvasive 
treatments. Surgical interventions are indicated in 
some cases of heterotopic ossifi cation. Patients with 
functionally limited joint mobility or severe and 
chronic spasticity may benefi t from surgical resection 
of the lesion.

POTENTIAL DISEASE COMPLICATIONS
The literature suggests that individuals with thoracic-
level SCIs are more likely to suffer from serious associ-
ated injuries than are those with cervical or lumbosa-
cral lesions. In one study, patients with thoracic cord 
injuries had a 46% occurrence of serious associated 
injuries, such as hemothorax, pneumothorax, and 
intra-abdominal injuries, compared with 12% of pa-
tients with cervical injuries and 22% of patients with 
lumbar or caudal injuries.30

Thoracic SCI may be associated with a lower life ex-
pectancy. The leading causes of death among people 
with SCI in the Collaborative SCI Survival Study data-
base include respiratory, cardiovascular, and infec-
tious diseases.1 Complications arising from a thoracic-
level injury result from immobility, changing sensory 
patterns, and alterations in autonomic nervous system 
function.

POTENTIAL TREATMENT 
COMPLICATIONS
The anticholinergic side effects of tricyclic antidepres-
sants, including dry mouth, blurred vision, and urinary 
retention, can pose additional diffi culties for the patient 
with SCI. Sphincterotomies, performed to alleviate 
detrusor-sphincter dyssynergia, may result in urinary 
incontinence and occasionally sexual dysfunction in 
men. Voiding by the Credé maneuver may lead to vesi-
coureteral refl ux. The long-term use of indwelling cath-
eters is associated with prostatitis, epididymitis, stric-
tures, bladder stones, and bladder carcinoma.

Digital stimulation of the bowel can result in autonomic 
dysrefl exia and hemorrhoids.

Medications used to treat autonomic dysrefl exia can re-
sult in hypotension. The blood pressure must be closely 
monitored.

Ch147_871-878-X4007.indd 876Ch147_871-878-X4007.indd   876 3/18/08 4:31:23 PM3/18/08   4:31:23 PM



Spinal  Cord Injur y  ( Thoracic) 877

When the less invasive methods of treating spasticity are 
ineffective, botulinum toxin injections, motor branch 
blocks, or peripheral nerve blocks may be considered. 
Injections may result in bleeding or infection. Nerve 
blocks may result in dysesthesias and weakness. Patients 
with intrathecal baclofen pumps may experience drows-
iness, weakness, catheter breakage, or infection.
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DEFINITION
Lumbosacral spinal cord injury (SCI) refers to impair-
ment or loss of motor or sensory function in the lumbar 
or sacral segments of the spinal cord, secondary to dam-
age of neural elements within the spinal canal.1 With 
this level of injury, arm and trunk functions are spared, 
but the legs and pelvic organs are involved.

The terms lumbosacral SCI and paraplegia are also used 
in referring to cauda equina and conus medullaris inju-
ries but not to impaired sensorimotor function due to 
neural involvement outside the spinal canal (as in lum-
bosacral plexus lesions or injury to peripheral nerves). 
Conus medullaris syndrome results from an injury to 
the sacral spinal cord (conus) and lumbar nerve roots 
within the spinal canal. Cauda equina syndrome refers 
to injury to the lumbosacral nerve roots within the 
neural canal.

Lumbosacral injuries account for about 11% of SCI 
cases in the National Model Spinal Cord Injury Systems 
database.2 Overall, the most common cause is motor 
vehicle crashes, followed in order by falls, acts of vio-
lence, and recreational sporting activities.3,4 There is an 
association between level of injury and cause of injury, 
and acts of violence are more often associated with 
paraplegia than with cervical injury and tetraplegia.2

Neurologic versus Skeletal Level of Injury
Lumbosacral SCI refers to the neurologic level of injury, 
which is different from the skeletal level of injury. Be-
cause of the discrepancy between the length of the spinal 
cord and the vertebral column, the L1-5 lumbar spinal 
cord segments are typically located at the T11-12 verte-
bral level, and the S1-5 sacral spinal cord segments are at 
the L1 vertebral level. The spinal cord ends between T12 
and L2 (most often at L1 vertebra), and injury within the 
neural canal below that bony level involves the cauda 
equina. Lesions at the level of the lowermost thoracic 
and fi rst lumbar vertebrae may result in mixed cauda 
equina and conus medullaris lesions.

SYMPTOMS
Lumbosacral SCI may present with weakness in the 
lower extremities, numbness and tingling, bladder and 
bowel disturbances (urinary retention, constipation, 
bladder or bowel incontinence), impotence, back pain, 
and burning perianal or lower extremity pain.

In the outpatient setting, patients may also present with 
secondary conditions and associated problems, such as 
urinary tract infections or pressure ulcers. Patients with 
SCI may have vague, atypical, or nonspecifi c symptoms. 
Classic symptoms of urinary tract infection, such as uri-
nary frequency, urgency, and dysuria, may be absent, 
and patients may present instead with an increased 
frequency of spontaneous voiding or increased muscle 
spasms.5 Fever and malaise may be indicative of a uri-
nary tract infection but can also be due to other infec-
tions (such as osteomyelitis underlying a pressure ulcer) 
or noninfectious causes, such as osteoporotic long bone 
fracture, deep venous thrombosis, heterotopic ossifi ca-
tion, or drug fever (e.g., due to antibiotics). Unilateral 
leg swelling may be the only presentation of osteopo-
rotic lower limb fractures but could also be due to deep 
venous thrombosis, heterotopic ossifi cation, hema-
toma, or cellulitis in the setting of SCI.6

Pain is a common symptom in people with SCI, and 
some studies suggest that pain prevalence may be 
even higher with paraplegia than with cervical injury 
and tetraplegia.7,8 A comprehensive history of pain 
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Synonyms
Paraplegia
Conus medullaris syndrome
Cauda equina syndrome

ICD-9 Codes
344.1 Paraplegia
344.6 Cauda equina syndrome
344.9 Paralysis, unspecifi ed
806.4  Fracture of the vertebral column with spinal cord 

injury: lumbar
806.6  Fracture of the vertebral column with spinal cord 

injury: sacral
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characteristics is needed to accurately determine the 
underlying cause, which may be mechanical, neuro-
pathic, or a combination of both. New weakness or 
sensory defi cits in the upper extremities may indicate 
post-traumatic syringomyelia extending into the cervi-
cal spinal cord or a peripheral nerve entrapment, such 
as the median nerve at the carpal tunnel or ulnar nerve 
at the elbow.9 Patients with chronic SCI who present 
with extension or worsening of lower extremity weak-
ness or numbness may have post-traumatic syringomy-
elia or spinal cord or nerve root compression due to 
progressive spinal deformity or instability.

Rectal bleeding is often caused by hemorrhoids but may 
be a manifestation of more sinister disease, such as 
colorectal cancer.10 Similarly, hematuria may be due to 
urinary tract infection, stones, or catheter-induced 
trauma, but bladder cancer should be considered in the 
differential diagnosis, especially in smokers and those 
with chronic indwelling bladder catheters.5

Mood disturbances are common in SCI.11 Depression 
may present with somatic symptoms such as appetite 
change and sleep disturbance, although symptoms like 
loss of energy may be diffi cult to interpret in the set-
ting of SCI.11,12 Because many medical diseases may 
produce similar somatic symptoms, it is helpful to in-
quire about specifi c symptoms typically associated 
with depression, such as suicidal thoughts, dysphoria, 
and feelings of hopelessness and worthlessness. Early 
morning awakening is suggestive of primary depres-
sion, and fatigue caused by depression is often worse 
in the morning.

PHYSICAL EXAMINATION
Spinal Inspection and Palpation
There may be reduced lumbar lordosis due to muscle 
spasm from pain. Spine fractures may result in defor-
mity, and palpation may reveal areas of tenderness.

Evidence of Concurrent Injuries
Concurrent injuries, including head injury, extremity 
fractures, and abdominal visceral injury, may accom-
pany lumbosacral SCI and should be considered during 
diagnostic examination.

Neurologic Examination
Neurologic examination is conducted in accordance 
with International Standards for Neurological and Func-
tional Classifi cation of Spinal Cord Injury published by 
the American Spinal Injury Association.1 The neuro-
logic fi ndings may sometimes be subtle (e.g., limited 
to perineal anesthesia or urinary retention) and can 
be missed in the setting of acute trauma with routine 
placement of an indwelling catheter or drug-induced 
sedation, unless they are carefully considered.13

The neurologic examination should be repeated at 
regular intervals to monitor for improvement or 
deterioration.14

Sensory Examination

The required portion of the sensory examination 
is completed through testing of key points in each 
dermatome on the right and left sides of the body 
(Table 148-1) for pinprick (tested with a disposable 
safety pin) and light touch sensation (tested with cot-
ton). Pinprick and light touch sensation are separately 
scored at each key point on a 3-point scale: 0, absent; 
1, impaired; and 2, normal. In testing for pinprick sen-
sation, inability to distinguish dull from sharp sensa-
tion is graded 0.

Motor Examination

Muscle strength is graded on a 6-point scale of 0 to 5; 
0 is no contraction and 5 is normal strength. For the 
lumbosacral myotomes, fi ve key muscle groups are 
tested bilaterally (Table 148-2).

Neurologic Rectal Examination

Neurologic rectal examination includes determination 
of deep anal sensation and testing for voluntary con-
traction of the external anal sphincter around the exam-
iner’s fi nger (graded as present or absent). If there is 

TABLE 148-1  Key Sensory Points for Lumbosacral 
Spinal Segments

Level Key Sensory Point

T12 Inguinal ligament at midpoint

L1 Half the distance between T12 and L2

L2 Mid anterior thigh

L3 Medial femoral condyle

L4 Medial malleolus

L5 Dorsum of the foot at the third metatarsophalangeal 
joint

S1 Lateral heel

S2 Popliteal fossa in the midline

S3 Ischial tuberosity

S4-5 Perianal area (taken as one level)

TABLE 148-2  Key Muscle Groups for Lumbosacral 
Myotomes

Level Muscle Group

L2 Hip fl exors (iliopsoas)

L3 Knee extensors (quadriceps)

L4 Ankle dorsifl exors (tibialis anterior)

L5 Long toe extensors (extensor hallucis longus)

S1 Ankle plantar fl exors (gastrocnemius, soleus)
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voluntary contraction of the anal sphincter, the patient 
has a motor incomplete injury.

Additional Neurologic Examination
In addition to these required elements for neurologic 
classifi cation of SCI, position and deep pressure sensa-
tion and muscle strength of additional lower extremity 
muscles, such as medial hamstrings and hip adductors, 
are also tested. Examination also includes assessment of 
muscle stretch refl exes, muscle tone, anal sphincter 
tone, bulbocavernosus refl ex, and plantar refl exes.

Conus Medullaris and Cauda Equina Injuries
The examination will vary with the level of damage and 
the relative involvement of the conus and cauda equina 
and may include evidence of lower or upper motor neu-
ron involvement. Patients with injury above the conus 
medullaris typically present with signs consistent with 
upper motor neuron or suprasacral SCI, whereas those 
with injury below this level present with a clinical pic-
ture consistent with lower motor neuron impairment. 
Lesions affecting the transition between the two regions 
(typically around L1 vertebral-level injury) can have a 
mixed picture. Conus medullaris lesions typically result 
in impaired sensation over the sacral dermatomes (sad-
dle and perineal anesthesia), lax anal sphincter with 
loss of anal and bulbocavernosus refl exes, and some-
times weakness in the lower extremity muscles. Cauda 
equina involvement results in asymmetric atrophic, are-
fl exic paralysis, radicular sensory loss, and sphincter 
impairment.1,13

Skin Examination
Skin examination is conducted with particular attention 
to the areas most vulnerable to pressure ulcer develop-
ment. These include the sacrum-coccyx, heels, trochan-
ters, and ischial tuberosities.15

FUNCTIONAL LIMITATIONS
Lumbosacral SCI can result in signifi cant functional 
defi cits. These include impaired mobility due to lower 
extremity paralysis and bladder, bowel, and sexual dys-
function due to autonomic dysregulation.

Expected Functional Outcomes
Predictions of function can be based on completeness 
and level of injury. The Consortium for Spinal Cord 
Medicine has developed clinical practice guidelines on 
outcomes after SCI with expected functional outcomes 
for each level of injury in a number of domains.14 Ex-
pected outcomes for complete lumbosacral SCI are 
summarized in Table 148-3.

Ambulation

People with lumbosacral SCI should generally be in-
dependent at the wheelchair level and have the great-
est potential for ambulation. If hip fl exors and knee 
extensors demonstrate even minimal strength in the 
fi rst few days after injury, functional recovery and 
community ambulation are likely. It has been re-
ported that to ambulate independently after SCI, 

TABLE 148-3  Expected Functional Outcomes for Motor Complete Lumbosacral Spinal Cord Injury

Domain Expected Functional Outcome Equipment

Bowel Independent Padded toilet seat

Bladder Independent

Bed mobility Independent Full to king size standard bed

Bed and wheelchair transfers Independent 

Pressure relief Independent Wheelchair pressure relief cushion

Wheelchair propulsion Independent indoor and outdoor Manual lightweight wheelchair

Standing, ambulation Standing: independent

Ambulation: functional, some assist to independent

L1-2: household ambulation

L3-S5: community ambulation

Standing frame

Knee-ankle-foot orthosis or ankle-foot orthosis

Forearm crutches or cane as indicated

Eating, grooming, dressing, 
bathing

Independent Padded tub bench 
Hand-held shower

Communication Independent

Transportation Independent in car, including loading 
and unloading wheelchair

Hand controls

Homemaking Independent complex cooking and light house-
keeping, some assist with heavy housekeeping

Modifi ed from Consortium for Spinal Cord Medicine. Outcomes Following Traumatic Spinal Cord Injury. Clinical Practice Guidelines for Health Care Professionals. 
Washington, DC, Paralyzed Veterans of America, 1999.
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individuals need pelvic control, grade 3/5 (antigrav-
ity) hip extensor strength bilaterally to advance the 
lower extremities, and antigravity knee extensor 
strength on at least one side (so that no more than 
one knee-ankle-foot orthosis is needed).16 There is 
individual variation and additional factors than have 
an impact on ambulation outcome, but patients with 
motor complete lumbosacral SCI at the L1-2 level 
can in general be expected to be household ambula-
tors; community ambulation is an appropriate goal at 
L3-S5 levels.16

Bowel, Bladder, and Sexual Dysfunction

Bowel, bladder, and sexual dysfunction may be sig-
nifi cantly disabling in these patients. SCI above the 
sacral segments is typically associated with an upper 
motor neuron or refl exic bowel; lesions involving the 
S2-4 anterior horn cells or cauda equina have arefl exic 
or lower motor neuron bowel characterized by slow 
stool propulsion, dry and round stool referred to as 
scybalous, and risk of incontinence due to denerva-
tion of the external anal sphincter.10,17 Depending on 
the location of injury and the extent of upper 
and lower motor neuron impairment, hyperrefl exic, 
arefl exic, or mixed type of neurogenic bladder may 
occur. Absent bulbocavernosus refl ex and muscle 
stretch refl exes in the lower extremities suggest the 
likelihood of lower motor neuron impairment of 
the bladder and bowel. Sexual dysfunction is fre-
quent.18 Men with SCI at the sacral level often lose 
ability to have refl ex erections, although psychogenic 
erections may be preserved in some. Ejaculation is 
often impaired, but it may be preserved in a higher 
proportion of those with incomplete lower motor 
neuron injuries.

Factors Affecting Functional Outcomes
Pain, whether nociceptive or neurogenic, may interfere 
with function.7,19 Neuropathic pain is more common 
with cauda equina injuries than with injury limited to 
the conus medullaris. Age, concurrent injuries or co-
morbidities, body habitus, psychosocial and cultural 
factors, and personal goals and motivation can signifi -
cantly affect functional outcomes.

DIAGNOSTIC STUDIES
Spinal Imaging
Radiologic and laboratory studies are used to localize 
the site of the pathologic change and the underlying 
cause.13 Plain radiographs typically include anteroposte-
rior, lateral, and oblique views. The entire spine should 
be visualized because multiple levels of injury are not 
unusual. Computed tomographic scanning allows opti-
mal visualization of bone injury and canal occlusion 
due to bone fragments. Magnetic resonance imaging 
is especially helpful because of its ability to visualize 
the soft tissues, including ligamentous structures, intra-
vertebral discs, epidural or subdural hematomas, and 

hemorrhage or edema in the spinal cord. Magnetic reso-
nance imaging with gadolinium is helpful in diagnosis 
of post-traumatic syringomyelia.

Electrodiagnostic Testing
Electromyography and nerve conduction studies may be 
helpful in distinguishing lesions of the spinal cord or 
cauda equina from those of the lumbar plexus or pe-
ripheral nerves.

Urologic Studies
Urodynamic studies are useful to assess the type and 
extent of neurogenic bladder and sphincter dysfunction. 
Periodic cystoscopy may be indicated in those with 
chronic indwelling urinary catheters because of increased 
risk of bladder cancer.20 Studies to evaluate upper uri-
nary tracts in patients with neurogenic bladder include 
renal ultrasonography, renal scan, abdominal radiogra-
phy, intravenous pyelography, and abdominal computed 
tomography, but there currently is not a consensus on 
the type, indication, or frequency of these tests.

Differential Diagnosis

Lumbar spinal stenosis with spinal cord or cauda 
equina compression

Primary or metastatic spinal tumors

Spinal infections or abscess

Lesions of the lumbosacral plexus

Disorders involving multiple nerves (e.g., polyneurop-
athy, Guillain-Barré syndrome)

TREATMENT
Initial
Initial management13 of anyone thought to have sus-
tained spinal injury includes adequate immobilization, 
with placement on a board in the neutral supine posi-
tion. Stabilization of the airway and hemodynamic status 
takes precedence in the setting of acute trauma. Methyl-
prednisolone has been advocated in patients presenting 
within 8 hours of SCI, although effectiveness of this phar-
macologic intervention is not uniformly accepted.

Rehabilitation
Information about potential for motor recovery can be 
used to set functional goals and to plan for equipment 
needs (see Table 148-3), keeping in mind that individ-
ual factors and coexisting conditions may affect achiev-
able goals.14 Important elements of rehabilitation in-
clude an interdisciplinary approach, establishment of 
an individualized rehabilitation program with consider-
ation of unique barriers and facilitators, and inclusion 
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of the patient as an active participant in establishment 
of goals.16

Bowel Management

An individualized bowel care program should be estab-
lished.10,17 For upper motor neuron (refl exic) bowel 
dysfunction, this includes digital rectal stimulation. For 
lower motor neuron (arefl exic) bowel dysfunction, re-
fl ex stimulation will not be effective; digital manual 
evacuation by gloved lubricated fi ngers is needed, along 
with Valsalva maneuver or abdominal massage to in-
crease pressure around the colon to push the stool out. 
Manual disimpaction is aided by use of bulking agents 
to keep stool consistency fi rm.

Bladder Management

Optimal bladder management minimizes urinary tract 
complications, preserves upper urinary tracts, and is 
compatible with the individual’s lifestyle.20 Because 
hand function is intact in individuals with lumbosacral 
injuries, they should be able to perform intermittent 
catheterization if it is needed for bladder management. 
If there is abnormal urethral anatomy, poor cognition or 
unwillingness to adhere to the catheterization schedule, 
or high fl uid intake with consistently large bladder vol-
umes, indwelling catheterization may be needed. Con-
dom catheters can be an appropriate option for urinary 
drainage in men, provided low-pressure and complete 
voiding can be documented. For patients with lower mo-
tor neuron injuries with low outlet resistance, the use of 
Credé and Valsalva maneuvers may be considered.

In patients with suspected urinary tract infection, em-
pirical antibiotic treatment may be started while waiting 
for urine culture results and modifi ed as needed once 
results are available.5 The presence of urinary tract ob-
struction, stones, refl ux, abscess, or prostatitis should be 
considered if the patient fails to respond to antibiotic 
therapy or has a rapid recurrence with the same organ-
ism. Use of prophylactic antibiotics is usually not war-
ranted but should be considered before urologic testing 
that involves instrumentation, especially in the pres-
ence of bacteriuria. Antibiotics to treat asymptomatic 
bacteriuria in patients with chronic indwelling bladder 
catheters are generally not indicated.

Pain and Spasticity

Nociceptive causes of pain should be identifi ed and ad-
dressed.19 Many medications, including anticonvulsants 
and tricyclic antidepressants, have been tried in man-
agement of neuropathic pain after SCI, but none has 
been shown to be consistently effective. Nonpharmaco-
logic interventions and education of the patient are 
important and should not be ignored. Transcutaneous 
nerve stimulation may help pain originating at the 
level of injury. Opioid prescription may be needed for 
pain unresponsive to other measures. Minimization 
of extreme or potentially injurious positions at all 
joints, reduction in the frequency of repetitive upper 
extremity tasks, proper instruction in transfer tech-
niques to minimize upper extremity injury, optimal 

wheelchair selection and training, and incorporation of 
upper body fl exibility and resistance exercises are im-
portant in preserving upper extremity function and re-
ducing chronic pain due to upper extremity overuse.21

Spasticity is less of a problem in lumbosacral SCI than in 
cervical or high thoracic injuries. Management of spastic-
ity22 includes elimination of the underlying noxious 
stimulus, use of physical interventions, systemic medica-
tions, chemical denervation, intrathecal agents, and rarely 
orthopedic or neurosurgical procedures. Nonpharmaco-
logic interventions include positioning and stretching 
(e.g., prone lying to stretch hip fl exors and stretching of 
hamstrings and heel cords to prevent tightness and con-
tractures). Several medications are used for treatment of 
SCI-related spasticity, including baclofen, tizanidine, ga-
bapentin, and benzodiazepines, but a systematic review 
found insuffi cient evidence of effectiveness.23

Pressure Ulcer Prevention

Education of the patient is critical in this area. Avoidance 
of prolonged positional immobilization, institution of 
pressure relief, and prescription of pressure-reducing seat-
ing systems and support surfaces are important in preven-
tion of pressure ulcers. Daily comprehensive skin inspec-
tions should be carried out with particular attention to 
vulnerable insensate areas (e.g., sacrum-coccyx, ischii, 
trochanters, heels). Adequate nutritional intake and smok-
ing cessation should be stressed.15

Procedures
Spasticity

Motor point or nerve blocks with phenol or alcohol 
may be helpful in treatment of localized lower extrem-
ity spasticity (e.g., for hip adductors or ankle plantar 
fl exors) that interferes with positioning, mobility, or 
hygiene. Intramuscular injections of botulinum toxin 
are another option.

Pain

Shoulder pain due to subacromial bursitis may be tem-
porarily responsive to local corticosteroid injections, as 
is the discomfort from carpal tunnel syndrome.

Pressure Ulcers

Sharp débridement of pressure ulcers may be done 
at the bedside to remove necrotic tissue, although if it 
is extensive, débridement may need to be done in the 
operating room.

Surgery
Spine Surgery

When thoracolumbar fractures associated with lumbo-
sacral SCI are accompanied by mechanical instability, 
pain, deformity, or progressive neural impairment, sur-
gical decompression and segmental instrumentation 
may be indicated for reconstruction of spinal align-
ment, stability, and early mobilization.13,24 The ideal 
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timing of and indications for surgical intervention re-
main controversial.

Pressure Ulcers

Plastic surgery may be indicated for deep pressure ul-
cers. This includes excision of the ulcer and surrounding 
scar and muscle and musculocutaneous fl ap closure.4

Upper Extremity Pain

Surgery may sometimes be considered for chronic upper 
extremity overuse-related symptoms that are unrespon-
sive to medical and rehabilitative treatment (e.g., for 
carpal tunnel syndrome or rotator cuff disease). Out-
comes are often poor, especially if upper extremity over-
use continues.21

Bladder and Bowel Dysfunction

Surgical treatment of urolithiasis includes cystoscopic 
removal of bladder stones, lithotripsy, and percutane-
ous nephrolithotomy for larger renal stones. Endoure-
thral stents or transurethral sphincterotomy may be 
considered in individuals with detrusor-sphincter dys-
synergia.20 Patients with neurogenic bowel who have 
signifi cant diffi culty or complications with typical bowel 
care may be candidates for colostomy. This decision re-
quires careful selection of the patient and individualiza-
tion to make sure that it is appropriate.17

Post-traumatic Syringomyelia

Surgical placement of shunts may be indicated for post-
traumatic syringomyelia associated with intractable 
pain or progressive neurologic decline.

POTENTIAL DISEASE COMPLICATIONS
Patients with lumbosacral SCI are prone to multiple 
complications. Urinary tract infections and pressure ul-
cers are two of the most common causes of hospitaliza-
tion in individuals with paraplegia and can result in 
systemic sepsis.25 Delayed neurologic deterioration may 
be due to spinal instability, progressive spinal defor-
mity, or post-traumatic syringomyelia. Upper extremity 
overuse can result in shoulder pain due to rotator cuff 
injury or entrapment neuropathies, such as carpal tun-
nel syndrome.21 Lower extremity joint contractures (e.g., 
of the heel cords) can interfere with mobility and with 
wheelchair positioning. Untreated high bladder pres-
sure in patients with detrusor-sphincter dyssynergia or 
low bladder compliance may result in upper urinary 
tract damage. Potential complications of neurogenic 
bowel include anorectal problems (hemorrhoids, fi s-
sures), toxic megacolon, and colonic perforation.

POTENTIAL TREATMENT 
COMPLICATIONS
Neurologic deterioration may occur from inadequate 
spinal immobilization or as a complication of surgical 
instrumentation. Other surgical complications include 

dural tears with cerebrospinal fl uid leaks, infections at 
the surgical site, pseudarthrosis (which may cause pro-
gressive deformity), and chronic pain.

Because people with SCI are often prescribed multiple 
medications (e.g., to treat pain, spasticity, and bladder 
or bowel dysfunction), medication-related side effects 
and complications are common. Complications of ure-
thral catheterization include urethral trauma, erosions, 
strictures, urinary infections, and epididymitis.20 Chronic
indwelling catheters increase the risk of stones and 
squamous cell carcinoma of the bladder.
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Stroke 149
Joel Stein, MD
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DEFINITION
Stroke is an acquired injury of the brain caused by oc-
clusion of a blood vessel or inadequate blood supply 
leading to infarction, or a hemorrhage within the paren-
chyma of the brain.

SYMPTOMS
Weakness, diffi culty in speaking or swallowing, aphasia, 
cognitive disturbance, sensory loss, and visual distur-
bance are the most common presenting symptoms of 
stroke, and defi cits in these areas often persist even after 
initial rehabilitation. Urinary urgency, increased muscle 
tone, fatigue, depression, and pain are symptoms that 
may be manifested after a stroke has already occurred. 
Refl ex sympathetic dystrophy (also known as complex 
regional pain syndrome type I) may occur after stroke, 
although most post-stroke pain results from mechanical 
(e.g., joint subluxation) or central (e.g., thalamic pain 
syndromes) causes.

PHYSICAL EXAMINATION
A full neurologic examination is appropriate. This in-
cludes evaluation of mental status, cranial nerves, sen-
sation, deep tendon refl exes, abnormal refl exes (e.g., 

Babinski), motor strength and coordination, muscle 
tone, and functional mobility (sitting, transfers, and 
ambulation). The protean manifestations of stroke can 
cause many different combinations of abnormalities in 
these aspects of the neurologic examination. An assess-
ment of mood and affect is important, given the high 
prevalence of post-stroke depression. Range of motion 
in affected limbs should be measured; ankle plantar 
fl exion contractures and upper limb contractures are 
common in hemiplegic stroke and interfere with reha-
bilitation efforts. Skin is examined for any areas of 
breakdown. Limb swelling is common and should be 
noted. The fi t and function of leg braces, upper extrem-
ity splints, slings, wheelchairs, and ambulatory aids are 
assessed as part of the routine physical examination.

FUNCTIONAL LIMITATIONS
Diffi culties in walking, performing activities of daily 
living, speaking, and swallowing are common manifes-
tations of stroke. Cognitive impairments (memory, at-
tention, visual-spatial perception) and impaired com-
munication due to aphasia or dysarthria may be present. 
The impairments seen in stroke are based on the anat-
omy of the stroke; aphasia is generally a result of left 
hemisphere damage, and neglect and attentional defi -
cits are more common with right hemisphere strokes. 
Impaired sexual function should be identifi ed because 
patients may not volunteer functional impairments in 
this area unless the physician inquires.

As a result of these impairments, many individuals may 
be unable to drive or to use public transportation. Com-
munication diffi culties can lead to social isolation. 
Some individuals require ongoing supervision because 
of cognitive limitations. In severe cases, individuals 
with aphasia or cognitive impairments may not be able 
to live independently. Incontinence due to detrusor in-
stability and urinary urgency can interfere with leaving 
the home and contribute to skin breakdown and social 
isolation.

Depression is common after stroke, affecting as many as 
40% of stroke survivors. Depression should be identi-
fi ed as a treatable complication of stroke rather than 
accepted as a consequence of functional loss.

Synonyms
Cerebrovascular accident
Brain attack

ICD-9 Codes
430 Subarachnoid hemorrhage
431 Intracerebral hemorrhage
432 Other and unspecifi ed intracranial hemorrhage
433 Occlusion and stenosis of precerebral arteries
434 Occlusion of cerebral arteries 
435 Transient cerebral ischemia
436 Acute but ill-defi ned cerebrovascular disease
437 Other and ill-defi ned cerebrovascular disease
438 Late effects of cerebrovascular disease 
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Among stroke survivors older than 65 years who were 
evaluated 6 months after a stroke, 30% were unable to 
walk without some assistance, 26% were dependent for 
activities of daily living, and 26% were institutionalized 
in a nursing home.1

DIAGNOSTIC STUDIES
In the acute setting, computed tomography is often the 
fi rst diagnostic test performed because of the rapidity 
with which it can be obtained, its widespread availability, 
and its high sensitivity for cerebral hemorrhage. Magnetic 
resonance imaging provides greater anatomic resolution 
and avoids radiation exposure. With newer magnetic 
resonance imaging sequences, such as diffusion-weighted 
imaging, abnormalities can be demonstrated at an earlier 
stage than with computed tomography, providing impor-
tant information for acute treatments such as thromboly-
sis.2 Magnetic resonance angiography, computed tomo-
graphic angiography, noninvasive fl ow studies, Holter 
monitoring, and echocardiography are important studies 
to help determine the cause of a stroke and to determine 
the best treatment for prevention of recurrent stroke. In 
selected patients (particularly young individuals or those 
without typical risk factors), an evaluation for hyperco-
agulable states is indicated.

In patients with prior stroke, diagnostic studies are 
typically directed to complications of stroke, such as 
persistent dysphagia or urinary incontinence. Video-
fl uoroscopic swallowing studies can be useful in swal-
lowing disorders. Urodynamic studies may be useful 
in the assessment of urinary symptoms, particularly if 
initial treatment with anticholinergic medications is 
unsuccessful.

fi brillation.4 Antiplatelet agents, including aspirin, 
clopidogrel (Plavix), or a combination of aspirin and 
dipyridamole (Aggrenox), are used for prevention of 
most non-cardioembolic strokes or when anticoagula-
tion is desirable but contraindicated because of comor-
bid conditions. Risk factor modifi cation, including 
treatment of hypertension, diabetes, hyperlipidemia, 
and obesity as well as smoking cessation and exercise, 
should be addressed for all stroke survivors.5

Treatment of cerebral hemorrhage is based in part on 
the presumed cause. For hypertensive hemorrhages, 
control of blood pressure with antihypertensive medica-
tions is the mainstay of treatment. For all causes of 
cerebral hemorrhage, avoidance of anticoagulants, anti-
platelet medications, and alcohol is important.6

Medications for the management of stroke and its 
complications on an outpatient basis are shown in 
Table 149-1. Anticholinergic medications are useful for 
bladder detrusor instability. Antispasticity medications 
are of limited effi cacy in many cases (see Chapter 144). 
For sexual dysfunction in men, phosphodiesterase 
type 5 inhibitors may be effective. Treatment with se-
lective serotonin reuptake inhibitors for post-stroke 
depression is widely employed, although a wide range 
of antidepressant medications can be effective. Psycho-
stimulants may be useful for impaired attention. Anti-
convulsants are used for central pain syndromes, but 
with variable benefi t.

Rehabilitation
The rehabilitation program needs to be customized on 
the basis of the severity and nature of the impairments 
caused by the stroke. For individuals with moderate to 
severe stroke, a comprehensive multidisciplinary inpa-
tient rehabilitation program in a rehabilitation hospital 
is often appropriate.7 For these individuals, rehabilita-
tion commonly continues through home care or outpa-
tient services. Patients with more isolated and less se-
vere defi cits may be discharged directly from the acute 
care hospital to home and participate in an outpatient 
rehabilitation program.8

Exercise

Therapeutic exercise programs are usually functionally 
oriented, with an emphasis on restoration of functional 
mobility and ability to perform activities of daily living 
(Fig. 149-1). Instruction in compensatory techniques 
and family teaching are important in assisting individu-
als to return home. There is growing evidence of the 
impact of therapeutic exercise on cortical reorganiza-
tion after stroke, with associated improvements in 
motor control and functional use.9 Newer approaches 
being studied to enhance motor abilities include 
constraint-induced movement therapy, robot-assisted 
exercise training, virtual reality exercise training, and 
partial body weight–supported treadmill training.10-15

These novel techniques appear to improve motor func-
tion, but the optimal exercise program to facilitate re-
covery remains to be defi ned.

Differential Diagnosis

Hemiplegic migraine

Post-seizure (Todd) paralysis

Brain neoplasm

Multiple sclerosis

TREATMENT
Initial
When ischemic stroke is diagnosed within the fi rst 
3 hours, thrombolytic therapy has been shown to reduce 
disability.3 In other cases, intravenous heparin is com-
monly administered when an embolic etiology is sus-
pected. Aspirin (between 80 and 325 mg) has been 
found to be effective when it is used in the acute setting.

Secondary prevention depends on the cause of the 
stroke. Warfarin (Coumadin) is commonly used for the 
secondary prevention of embolic stroke, with the most 
extensive evidence for prevention of stroke in atrial 
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Dysphagia

Management of dysphagia may include the use of na-
sogastric or gastrostomy tube feedings, modifi ed diets 
(e.g., thickened liquids, pureed foods), and swallowing 
therapy (e.g., the use of compensatory strategies, such 
as “tucking” the chin during swallowing).

Communication

The rehabilitation of aphasia relies on extensive speech 
therapy as its mainstay; selected patients benefi t from 
communication aids, such as a picture board. Speech 
therapy may provide signifi cant benefi t for dysarthria as 
well, with improved intelligibility resulting. Severely 

dysarthric or anarthric patients may benefi t from the use 
of computer-based communication aids, including 
those with speech synthesis, as well as “low-tech” solu-
tions such as spelling boards.

Cognition

Cognitive abilities are frequently affected by stroke; al-
terations in memory, attention, insight, and problem 
solving are common. Neuropsychological testing may be 
useful in defi ning the precise nature of these defi cits and 
in helping to develop a remediation plan. Speech-lan-
guage and occupational therapy approaches include both 
attempts at remediation and teaching of compensatory 

TABLE 149-1  Medications Commonly Used for Treatment of Stroke 
and Its Complications

Class of Medication Examples Indication

Anticholinergics Oxybutynin (Ditropan) 
Tolterodine (Detrol)

Bladder detrusor instability

Antispasticity Baclofen (Lioresal)
Tizanidine (Zanafl ex)
Diazepam (Valium)
Dantrolene (Dantrium)

Muscle spasticity

Phosphodiesterase 
type 5 inhibitors

Sildenafi l (Viagra)
Vardenafi l (Levitra)

Erectile dysfunction

Selective serotonin 
reuptake inhibitors

Fluoxetine (Prozac)
Paroxetine (Paxil)
Sertraline (Zoloft)

Post-stroke depression

Stimulants Methylphenidate (Ritalin)
Dextroamphetamine (Dexedrine)

Impaired attention, arousal

Anticonvulsants Gabapentin (Neurontin)
Carbamazepine (Tegretol)

Central pain syndromes, 
seizure disorders
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FIGURE 149-1. The time course of recovery after stroke is shown as the cumulative percentage of stroke survivors in each category who have reached
their best function in activities of daily living relative to initial functional disability: �, mild disability; �, moderate disability; �, severe disability; and x, 
very severe disability. (Reprinted with permission from Jorgensen HS, Nakayama H, Raaschou HO, et al. Outcome and time course of recovery in stroke. 
Part II. Time course of recovery. The Copenhagen Stroke Study. Arch Phys Med Rehabil 1995;76:406-412.)
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techniques. Family education and training are important 
components of cognitive rehabilitation. Recognition and 
treatment of post-stroke depression is very important 
because depression can contribute to reduced cognitive 
performance after stroke.16

Bracing

Lower extremity bracing is frequently helpful in restora-
tion of mobility in hemiparetic stroke survivors. Most 
commonly, a plastic ankle-foot orthosis is used, al-
though other braces are appropriate in selected circum-
stances. Bracing is helpful as a compensation for im-
paired ankle dorsifl exion, controlling ankle inversion 
and plantar fl exor spasticity as well as providing some 
stabilization at the knee.

Ambulatory Aids and Wheelchairs

Because of hemiparesis, many stroke survivors require 
ambulatory aids, which may include a straight cane, a 
four-pronged (“quad”) cane, a hemi-walker, or, in some 
cases, a conventional walker. Wheelchairs are often 
needed for more severely impaired stroke survivors or 
for moderately impaired stroke survivors for longer dis-
tance travel. A hemi-wheelchair is lower to the ground 
and allows use of the nonparetic leg to assist with pro-
pulsion. On occasion, a one-arm drive wheelchair is 
useful; it allows control of both wheelchair wheels from 
one side. Active, nonambulatory individuals may bene-
fi t from a power wheelchair.

Shoulder Subluxation

Shoulder subluxation commonly occurs in the setting 
of hemiplegia after stroke, although the presence of 
pain is highly variable. Arm boards and the selective use 
of slings help in reducing subluxation. Electrical stimu-
lation may have a benefi cial effect as well.17

Splints

Splints for proper positioning of the hemiplegic arm and 
ankle-foot are important to prevent contracture. These 
are particularly important when spasticity is present.

Vocational Rehabilitation

Although stroke is predominantly a disease of older indi-
viduals, a signifi cant portion of stroke survivors are of 
working age. Once activities of daily living have been 
mastered, vocational counseling may assist individuals 
seeking to return to work. Coordination with the reha-
bilitation team is important because retraining for certain 
job tasks may involve a multidisciplinary effort. Accom-
modations in the workplace may be necessary, and the 
Americans with Disabilities Act may require the employer 
to provide reasonable accommodation for individuals 
with disabilities. See Chapter 150 for more details.

Procedures
Phenol or botulinum toxin injections may be useful in 
the management of spasticity after stroke. These injec-
tions are described in greater detail in Chapter 144.

Surgery
Selected patients require craniotomy in the acute phase 
for evacuation of a large intracerebral hematoma or for 
severe swelling with increased intracranial pressure. 
Carotid endarterectomy in appropriately selected pa-
tients has been shown to reduce the risk of recurrent 
stroke.18 Carotid stenting is being studied as an alterna-
tive to endarterectomy for the treatment of carotid ste-
nosis. Intrathecal baclofen has been found to be effec-
tive in treatment of post-stroke spasticity,19,20 but it is 
infrequently used for hemiplegic stroke at this time. In 
patients with chronic impairments from stroke, tendon 
lengthening procedures are occasionally needed for 
contractures.

An experimental implantable cerebral cortical stimula-
tor system has been found to facilitate motor recovery 
when it is used in conjunction with exercise therapy in 
pilot studies.21 A multicenter study of this device is cur-
rently in progress.

POTENTIAL DISEASE COMPLICATIONS
Seizures can develop as an early or a late complication 
of stroke; strokes involving the cerebral cortex and hem-
orrhagic stroke carry greater risk. The risk of deep ve-
nous thrombosis is substantially elevated in hemiplegic 
stroke, and prophylactic treatment with subcutaneous 
heparin or low-molecular-weight heparin is advisable 
during the initial recovery phase.22 The ideal duration of 
prophylaxis for deep venous thrombosis after stroke has 
not been established; in most cases, this is discontinued 
after a period of several weeks. Stroke recurrence is a 
feared complication of stroke, and individuals with a 
history of stroke remain at increased risk for recurrent 
stroke despite risk factor reduction. Aspiration pneumo-
nia can occur as a complication of dysphagia, although 
this risk tends to abate over time except in the most se-
vere cases.

POTENTIAL TREATMENT 
COMPLICATIONS
Both anticoagulants and antiplatelet medications can 
contribute to bleeding complications. Aspirin can cause 
gastritis. Clopidogrel has been associated with throm-
botic thrombocytopenic purpura. The combined use of 
aspirin and clopidogrel appears to increase the risk of 
gastrointestinal hemorrhage without providing signifi -
cant improvement in stroke prevention.23

Anticholinergic medications commonly cause dry 
mouth and may precipitate urinary retention. Anti-
spasticity medications can cause sedation and may 
exacerbate cognitive impairments. Sildenafi l is known 
to be hazardous when it is used concurrently with ni-
trates and should be avoided in patients receiving 
these medications. Selective serotonin reuptake inhibi-
tors can cause gastrointestinal symptoms (especially 
nausea and anorexia) as well as interfere with libido 
and sexual function. Psychostimulants can cause 
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anorexia, insomnia, anxiety, or agitation and should 
be slowly titrated upward. Gabapentin is usually well 
tolerated, although occasional sedation has been re-
ported. Carbamazepine may cause leukopenia.
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DEFINITION
Four percent of strokes in the United States occur in 
adults younger than 45 years.1 Although the 28,000 
strokes in this age group are a small fraction of the 
731,000 total events in the United States each year, 
stroke is an important cause of neurologic impairment 
in this group. Stroke occurs in those younger than 
45 years more than twice as frequently as spinal cord 
injury (11,000 per year, all ages) or multiple sclerosis 
(11,000 per year, all ages), and yet there has been lim-
ited awareness in American society of stroke as a disease 
affecting younger adults. Before the age of 30 years, 
more women than men suffer strokes because of the 
risks of pregnancy, childbirth, and oral contraceptive 
use2,3; this trend reverses with advancing age. The inci-
dence of stroke is two to fi ve times higher in young ur-

ban blacks and twice as high in Hispanics than in whites 
in the United States.4 Strokes in young adults are par-
ticularly devastating events because they often occur in 
otherwise healthy-seeming individuals who are in the 
prime of life and fully involved with family, commu-
nity, and workplace responsibilities. Young adults also 
have high expectations of recovery and consequent 
diffi culty in adjusting to residual disability.

Although more than 60 different disorders causing stroke 
in young adults have been identifi ed, they can be grouped 
into several broad categories. Atherosclerotic disease 
accounts for approximately 20%; cardiac emboli, 20%; 
arteriopathies (particularly large-vessel dissection), 10%; 
coagulopathy, 10%; and peripartum cerebrovascular ac-
cidents, 5%. Another 20% may be related to mitral valve 
prolapse, migraine, and oral contraceptive use, and 15% 
remain unexplained after full evaluation.5 In American 
studies, illicit drug use has been associated with stroke in 
4% to 12% of cases.4,6 Approximately 75% of patients 
younger than 65 years will survive 5 years or more after 
their stroke.1 Individual survival, of course, depends on 
the specifi c cause of the stroke and its treatment. Two 
thirds of young survivors achieve good functional recov-
ery, although a history of diabetes mellitus, severe defi cit 
at presentation, or stroke involving the total anterior cir-
culation may reduce that likelihood. Overall, the risk for 
recurrence in those who have suffered a fi rst stroke aver-
ages 5% per year and varies with the survivor’s burden of 
risk factors.7-9

SYMPTOMS
The presenting neurologic symptoms of stroke are the 
same in young as in elderly patients and are reviewed in 
Chapter 149. The clinician caring for young adult stroke 
survivors in the post-acute phase is likely to encounter, in 
addition to neurologic residua of the stroke, a number of 
secondary symptoms that will require ongoing manage-
ment. The most common of these are emotional effects, 
pain, muscle stiffness due to spasticity, bladder dysfunc-
tion, sexual dysfunction, and fatigue. These symptoms 
may also occur in older stroke patients; however, this 
chapter focuses on the impact they have on the young 
stroke survivor.

150Stroke in Young Adults

Randie M. Black-Schaff er, MD, MA

Synonyms
Cerebrovascular accident
Cerebral infarction
Intracerebral hemorrhage
Cerebral venous thrombosis
Subarachnoid hemorrhage

ICD-9 Codes
342.01 Flaccid hemiplegia, dominant side
342.02 Flaccid hemiplegia, non-dominant side
342.11 Spastic hemiplegia, dominant side 
342.12 Spastic hemiplegia, non-dominant side
344.0  Quadriplegia, unspecifi ed
438  Late effects of cerebrovascular disease
438.0  Cognitive defi cits
438.10  Speech and language defi cits, unspecifi ed
438.11 Aphasia
438.12 Dysphasia
438.19 Other speech and language defi cits 
438.2  Hemiplegia/hemiparesis
438.20 Hemiplegia affecting unspecifi ed side
438.21 Hemiplegia affecting dominant side
438.22 Hemiplegia affecting non-dominant side
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Emotional Effects
The common emotional consequences of stroke are 
depression, emotional lability, and anxiety. Clinical de-
pression occurs in approximately 40% of patients after 
stroke; its incidence peaks 6 months to 2 years after the 
ictus. It is more likely in those with a prior history of 
alcoholism or depression and in patients who have suf-
fered a severe stroke.10,11

Depression can be diffi cult to identify in aphasic pa-
tients who cannot respond reliably to questions about 
mood and in patients with motor aprosodia (loss of 
emotional tone in facial expression and voice) due to 
right hemispheric stroke. Patients tend to become more 
socially isolated after stroke because of language, cogni-
tive, and physical defi cits. Loss of social interaction and 
support increases the likelihood of depression. Stress 
related to marital role reversal after a stroke in one 
member of a couple is common, as is depression in 
caregivers.11

Neurologically mediated emotional lability, also known 
as pseudobulbar affect or emotional incontinence, in 
which the patient has abrupt episodes of crying or 
laughing in response to mention of an affectively 
charged topic, may be a source of distress to the patient 

and family. It may also complicate evaluation of the 
patient’s true emotional state.

Patients may experience heightened anxiety chroni-
cally after stroke. In some cases, specifi c triggers of the 
anxiety, such as fear of falling while walking with a 
cane or fear of being left alone, can be identifi ed in the 
history.

Pain
Pain is a common problem after stroke in young patients. 
It usually affects the hemiparetic extremities and may be 
centrally or peripherally mediated. Shoulder pain occurs 
in up to 85% of stroke patients, usually during the fi rst 
6 to 12 months after stroke.12 The history should address 
its many potential causes13 (Table 150-1). In addition, 
younger individuals with partially recovered motor func-
tion may develop secondary sprains, tendinitis, skin 
breakdown, and nerve palsies in the paretic extremities as 
these are pushed beyond their physiologic limits in the 
effort to resume normal activities. The normal arm and 
leg may suffer similar overuse injuries in the course of 
compensating for the weak side. Heavy use of assistive 
devices, including canes, walkers, braces, and splints, may 
contribute to these injuries and consequent pain.

TABLE 150 -1 Post-Stroke Shoulder Pain7

Disorder
Inferior 
Subluxation

Rotator Cuff 
Tear

CRPS I (Shoulder-
Hand)

Frozen 
Shoulder

Impingement 
Syndrome

Biceps 
Tendinitis

Examination Acromiohumeral 
separation 

Flaccid

Positive abduction 
test result 

Positive drop arm 
test result 

Flaccid or spastic

Metacarpophalan-
geal joint com-
pression test

Skin color changes 
Flaccid or spastic

External rotation 
�15 degrees

Early scapular 
motion

Spastic

Pain with 
abduction of 
70-90 degrees

End range pain 
with forward 
fl exion 

Spastic

Positive 
Yergason 
test result 

Flaccid or 
spastic

Diagnostic Test Standing scapu-
lar plane x-ray

Arthrography
Subacromial injec-

tion of lidocaine
Magnetic resonance 

imaging

Triple-phase bone 
scan

Stellate ganglion 
block

Arthrography Subacromial 
injection of 
lidocaine

Tendon 
sheath 
injection of 
lidocaine

Treatment

Initial Analgesics, 
nonsteroidals

Nonsteroidals, 
 analgesics

Oral corticosteroids Analgesics Nonsteroidals, 
analgesics

Nonsteroi-
dals, anal-
gesics

Rehabilitation Harris sling or 
wheelchair
 arm board

AAROM
Electrical 
stimulation
to supraspinatus

AAROM
Heat modalities

PROM
Manipulation

AAROM
Scapular
mobilization

AAROM

  Procedures Steroid injection
Surgical repair

Stellate ganglion 
block

Subacromial, 
intra-articular 
steroids

Débridement
Reduction of 

internal 
rotator tone

Subacromial 
steroids

Reduction of 
internal 
rotator tone

Tendon 
sheath 
injection of 
steroids

AAROM, active-assisted range of motion; CRPS I, chronic regional pain syndrome type I; PROM, passive range of motion.
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Muscle Stiffness due to Spasticity
Stiffness and heaviness of muscles and joints are com-
mon complaints of young stroke patients in the post-
acute setting. These symptoms are often due to the 
evolution of muscle tone from the fl accid to the spastic 
state that occurs during the fi rst several months that fol-
low a stroke. Although it is occasionally helpful in 
allowing weight bearing on a leg with little voluntary 
motor return, spasticity more often complicates the pa-
tient’s efforts to resume normal motor function. In 
middle cerebral territory strokes, hypertonicity in the 
upper extremity typically occurs in a pattern of fl exion, 
adduction, internal rotation, and pronation, involving 
variable combinations of the muscles subserving these 
movements. In the lower extremity, the usual pattern is 
extensor with reduced knee fl exion, heightened thigh 
adduction, increased plantar fl exion and inversion of 
the ankle, and toe curling. This extensor pattern be-
comes apparent during gait and contributes to the slow 
speed and increased energy cost of hemiplegic gait. The 
reader is referred to Chapter 144 for further discussion 
of spasticity symptoms.

Joint stiffness may also be due to contracture, which is 
shortening of the muscles, ligaments, or tendons around 
a joint due to rheologic changes in the tissues. This is 
common in the fi nger joints of the affected hand. Fro-
zen shoulder, with contracture of the glenohumeral 
joint capsule, also occurs.

Bladder Dysfunction
Chronically diminished bladder control with urge in-
continence occurs commonly in younger stroke 
patients. The history should ascertain chronicity and 
frequency of the problem, diurnal pattern, and pres-
ence or absence of the sensation of needing to void; a 
relationship to coughing, laughing, or straining is 
noted. The patient is queried about abdominal pain 
and pain on urination.

Sexual Dysfunction
Whether the physiologic process of sexual function 
changes as a result of stroke, and if so, how it changes, 
has not been scientifi cally established. Nonetheless, a 
majority of patients report diminished sexual function 
after stroke. This may involve diminished libido or de-
creased erectile or ejaculatory function. Decreased li-
bido may correlate with the presence of depression and 
reduced physiologic sexual function with medical co-
morbidity. Neither clearly relates to size or location of 
stroke. There is evidence that patients’ partners play a 
signifi cant role in the decline of sexual activity, through 
fear of relapse, anguish, and lack of excitation. A small 
number of patients report increased libido after stroke, 
and rarely, troublesome hypersexuality appears.14,15

The history should note change in interest and fre-
quency of sexual activity, alteration in ability to achieve 
erection or ejaculation in men and lubrication or or-
gasm in women, and presence of depression or active 

medical comorbidities that may infl uence sexual activ-
ity level. Medications are reviewed for antihyperten-
sives, antidepressants, and others that may hinder 
sexual function and possibly fertility, although there is 
little research on this topic.

Fatigue
Increased fatigue after stroke has been reported in 
39% to 68% of patients in published series. It is fre-
quently infl uenced by coexisting depression. Young 
adults who never before needed naps now do. Pa-
tients become fatigued, physically and mentally, with 
less effort than before the stroke. Return to active 
work and family life may be limited by fatigue.16,17

The history should document a change in fatigue 
level after the stroke and probe the daily pattern 
of fatigue and sleep for symptoms of insomnia, 
sleep apnea, and the many medical conditions that 
produce fatigue. Medications are reviewed to identify 
sedative agents. Depression and loss of physical con-
ditioning may affect energy levels, as may the 
increased energy cost of hemiplegic gait.18

PHYSICAL EXAMINATION
In the post-acute setting, the examination of the younger 
patient after a stroke includes neurologic and functional 
status for evidence of improvement or deterioration.

Improved motor control in the affected leg may allow 
trimming back of a brace and progression in gait train-
ing to a less supportive assistive device. Worsening mo-
tor or sensory function, on the other hand, may signal 
not only further cerebral events but also intercurrent 
systemic illness, medication intolerance, new peripheral 
nerve injuries related to positioning or assistive devices, 
or worsening neuropathy.

Confrontation testing for visual fi elds and double 
sensory stimulation tests for visual and tactile neglect 
provide important information to the patient and 
physician about suitability for community mobility, 
particularly driving. Clock drawing, target cancella-
tion, line bisection, and reading from a magazine can 
be quickly performed in the offi ce and provide addi-
tional information about neglect and attention. The 
Mini Mental State Examination is a rapid and helpful 
cognitive screen.19,20 The affected arm and leg should 
be inspected for skin breakdown. Maceration of the 
palm in a tightly fl exed hand and friction marks on 
the dorsum of the foot and calf of patients using an-
kle-foot orthoses are common. Ulnar palsy and olec-
ranon bursitis related to a constantly fl exed spastic 
elbow can occur. It is particularly important to iden-
tify and to treat these problems early in patients with 
diminished sensation.

Signs of unusual causative entities should be sought if 
the etiology of the stroke is unclear. These may include 
the skin laxity and hypermobility of Ehlers-Danlos 
syndrome, the ipsilateral ptosis and miosis (partial 
Horner syndrome) associated with carotid dissection, 
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the multiple venipuncture marks of intravenous drug 
abuse, the livedo reticularis of Sneddon syndrome, the 
vasculitic rash of connective tissue diseases, and the 
arachnodactyly and tall habitus of Marfan syndrome.

Emotional Effects
Mood should be evaluated for signs of depression, labil-
ity, and anxiety. For patients with intact verbal function, 
the two questions During the past 2 weeks, have you felt 
down, depressed, or hopeless? and During the past 2 weeks, 
have you felt little interest or pleasure in doing things? may 
be as helpful as more extensive screening tools, such as 
the depression screening criteria of the Diagnostic and 
Statistical Manual of Mental Disorders.21,22 In severely 
aphasic patients, the screen must, of necessity, consider 
facial expression, gestures, and posture and the reports 
of caretakers regarding appetite, sleep, and mood. If the 
caretaker shows signs of depression, it may be helpful to 
offer him or her referral for further evaluation. Lability 
can often be elicited by discussing affectively relevant 
topics, such as children or spouse. Physical examination 
signs of chronic anxiety may include hunched posture, 
fl eeting eye contact, cold or moist hands, mild tachycar-
dia, rapid and hypophonic speech, and ready startle re-
action.

Pain
The examination addresses appearance, tenderness, 
pain pattern, and range of motion of the painful re-
gions, looking for signs of specifi c medical and muscu-
loskeletal disorders. See Table 150-1 for helpful physi-
cal examination signs in the diagnosis of post-stroke 
shoulder pain.

Muscle Stiffness due to Spasticity
Muscle tone at the shoulder adductors, elbow fl exors 
and extensors, wrist and fi nger fl exors, knee extensors, 
and ankle plantar fl exors should be assessed and re-
corded at each visit with use of the Ashworth scale 
(Table 150-2). Pain encountered on range of motion is 
recorded. Refl exes are evaluated, assessing for sustained 

clonus, which at the ankle and knee can compromise 
gait and at the wrist and fi ngers may be mistaken for 
seizure activity.

Bladder Dysfunction
Palpatory examination of the abdomen may reveal su-
prapubic tenderness due to cystitis or an enlarged blad-
der indicative of retention with overfl ow incontinence.

Sexual Dysfunction
Full gynecologic and urologic examinations will screen 
for infectious, traumatic, neoplastic, and hormonal 
causes of sexual dysfunction in young stroke survivors. 
The neurologic examination may reveal a neuropathy 
(manifested by decreased sensation in the feet or hands, 
decreased ankle and knee refl exes, and occasionally dis-
tal weakness) that may be affecting sexual function.

Fatigue
Idiopathic post-stroke fatigue is a diagnosis of exclu-
sion. The examination must screen the patient for the 
many illnesses that cause fatigue. Among the more 
prominent of these in this population are Epstein-Barr 
viral disease, sleep apnea, allergic rhinitis, anemia, de-
hydration, cerebral hypoperfusion, hypothyroidism, 
depression, malignant neoplasia, and medications.

FUNCTIONAL LIMITATIONS 
Driving
In most communities in the United States, return to 
driving is a necessary step for return to a normal life-
style and avoidance of social isolation. Once they have 
been discharged home, young adult stroke patients are 
generally eager to resume driving. Many rehabilitation 
clinics offer written tests of driving ability. Although 
these have not been shown to be adequate predictors 
of on-the-road performance, they serve a useful screen-
ing purpose. Recent work with a computerized driving 
simulator suggests that these may be helpful and safe 
tools for retraining of driving skills.23 A number of fac-
tors have been shown to predict driving performance 
after stroke; right hemisphere location of stroke, vi-
sual-perceptual defi cits, reduced sustained and selec-
tive attention, impulsivity, poor judgment, and lack of 
organizational skills all correlate with poor perfor-
mance behind the wheel. Aphasia, although it may 
have a negative impact on performance on written 
and road tests because of compromised processing of 
verbal instructions, does not always interfere with 
self-directed driving.

Physicians are often consulted about a patient’s readiness 
to resume driving; visual acuity and fi elds can be readily 
screened in an offi ce setting, but evaluation for impulsiv-
ity, judgment, and selective and divided attention is more 
diffi cult. An on-the-road test performed either by a driv-
ing instructor or by the state licensing agency remains the 
“gold standard” for assessment of driving ability.

TABLE 150 -2  Modifi ed Ashworth Scale 
for Measurement of Spasticity

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch and re-
lease or by minimal resistance at the end range of motion

1� Slight increase in muscle tone, manifested by a catch, 
followed by minimal resistance throughout the 
remainder (less than half ) of the range of motion

2 More marked increase in muscle tone through most of the 
range of motion, but the affected part is easily moved

3 Considerable increase in muscle tone, passive movement 
diffi cult

4 Affected part is rigid in fl exion or extension
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Return to Work
The ability to perform valued work is central to self-
esteem and an important goal for most young stroke 
patients. Between 11% and 81% of patients achieve this 
goal; the wide range reported in this literature is due to 
differing age ranges, defi nitions of work, and disability 
compensation systems. Of those who return to work 
after stroke, 70% do so at a reduced level. Factors predic-
tive of success in return to work include pure motor or 
no hemiparesis, good self-care and mobility function at 
completion of rehabilitation, no aphasia or apraxia, 
advanced education, and a white collar job. Barriers to 
successful vocational rehabilitation include, in addition 
to the reverse of these factors, cognitive impairment, 
visual-perceptual impairment, age older than 55 years, 
and economic disincentives related to disability and 
retirement benefi ts.

In the outpatient setting, the rehabilitation physician is 
often asked to certify that the young stroke patient is 
“medically cleared” to return to work. This may simply 
mean indicating that the patient has suffi cient cardiovas-
cular capacity to perform the job; but more often, a de-
tailed evaluation of the patient’s cognitive and physical 
capacities as they relate to specifi c job tasks is desired. 
This assessment is complex and is ideally accomplished 
with the assistance of a coordinated multidisciplinary 
team including physical therapist, occupational thera-
pist, speech therapist, neuropsychologist, and vocational 
rehabilitation counselor.

Patients who are able to resume work after a stroke on 
average do so within the fi rst 6 months. The 1990 
Americans with Disabilities Act has had a positive im-
pact on employers’ responsiveness to the requests of 
stroke survivors for job accommodations, not only re-
garding physical access and equipment but also for 
personal assistance, schedule fl exibility, and task modi-
fi cation.24-26 The majority of patients return to their 
previous employer, although young stroke survivors 
with minimal cognitive impairment may be able to take 
on new jobs.

Parenting
The young adult stroke survivor who needs to return to 
parenting faces particular challenges in the performance 
of child bathing, dressing, feeding, and transporting 
tasks. Problem solving of these tasks can be done with 
the assistance of other adult family members, home care 
occupational therapists, or hired child-care assistants. 
Many helpful items of equipment are readily available 
(paper disposable diapers with easy to close tabs, micro-
waves for heating bottles, baby tub inserts). Even when 
frequent assistance is needed, the patient should be en-
couraged to assume the supervisory role in child-care.

DIAGNOSTIC STUDIES
Because the use of illicit drugs has been linked to strokes 
in younger individuals, ongoing drug screening in the 
post-acute setting may occasionally be indicated. For 
other diagnostic testing, see Chapter 149.

TREATMENT
The post-acute setting affords an excellent opportunity 
for the young stroke survivor and his or her physician to 
review the cause of the patient’s stroke, to identify 
modifi able risk factors for recurrence, and to jointly 
develop a plan to minimize these. The patient’s motiva-
tion to comply with treatment for hypertension and 
diabetes, to develop a habit of compliance with newly 
prescribed anticoagulation therapy, to quit smoking, to 
avoid excessive alcohol intake, and to turn away from 
the use of street drugs will be maximal in the months 
that follow the stroke.

The remainder of this section discusses specifi c treat-
ment of the secondary symptoms previously detailed.

Emotional Effects
Initial

Post-stroke depression responds to antidepressant 
medications of several classes. The lower cardiac risk 
profi le of selective serotonin reuptake inhibitors makes 
them an attractive option for patients with arrhythmia. 
They should be used with caution in patients with 
sexual dysfunction. The sedative and urinary retentive 
properties of tricyclic antidepressants may be helpful 
for patients with concomitant neuropathic pain, exces-
sive salivation, and sleep disturbance or urge inconti-
nence. All of the major classes of antidepressants have 
the potential to lower seizure threshold.

The family and community, including local and na-
tional stroke support and education groups, are impor-
tant resources for the young patient who is struggling 
with emotional adjustment to residual disability and 
altered lifestyle. Referral to a psychiatrist, psychologist, 
home care social worker, or psychiatric nurse is often 
helpful. Emotional lability often responds to selective 
serotonin reuptake inhibitors and usually diminishes 
over time.27,28 Management of anxiety in cognitively 

Differential Diagnosis

Brain infection (abscess, encephalitis)

Brain neoplasm

Cranial nerve palsy

Peripheral nerve palsy

Hemiplegic migraine

Multiple sclerosis

Progressive multifocal leukoencephalopathy

Positional vertigo

Post-seizure (Todd) paralysis

Toxic metabolic encephalopathy

Conversion disorder
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impaired young stroke patients should emphasize the 
less sedating anxiolytics, counseling, and environmen-
tal manipulation to reduce known triggers.

Rehabilitation

Neurologic and functional improvement is perhaps the 
best antidote to post-stroke depression. A multidisci-
plinary stroke rehabilitation program, by providing 
graded and progressive activities in many areas, gives 
the patient the opportunity to make and to appreciate 
numerous improvements in parameters of mobility, 
self-care, language, and cognition. Therapists are skilled 
at providing encouragement and positive reinforcement 
for successes, large and small, in the targeted activities. 
The rehabilitation therapy environment provides sub-
stantial psychological support to the patient, and it is 
common for depression fi rst to become evident, or to 
worsen, at the time outpatient therapy fi nishes and this 
support system is withdrawn.

Procedures

Electroconvulsive therapy may be indicated for refrac-
tory depression.

Pain
Initial

Measures for soft tissue–based pain include non-
narcotic analgesics and nonsteroidal anti-infl ammatory 
drugs, with care taken to consider the cardiac, renal, 
hepatic, and gastrointestinal risks. When narcotic medi-
cation for pain relief is required, the fentanyl transder-
mal patch is a useful option. Neuropathic and central 
pain syndromes often respond to gabapentin. See Table 
150-1 for treatment options for the several varieties of 
post-stroke shoulder pain.

Rehabilitation

Rehabilitation treatment of pain syndromes is useful 
both in itself and because it allows close monitoring by 
a qualifi ed therapist of the patient’s symptoms and re-
sponse to treatments. Soft tissue injuries often respond 
to stretching and strengthening, positioning, electrical 
stimulation of the affected muscles, and heat modalities 
including hot packs and ultrasound when sensation is 
adequate to allow their use. Transcutaneous electrical 
nerve stimulation and functional electrical stimulation 
to the supraspinatus and upper trapezius are often help-
ful in poorly defi ned shoulder pain, as are arm slings, 
such as the Harris hemi-sling, that promote optimal 
glenohumeral alignment.

Procedures

Acupuncture can be benefi cial for central pain syn-
dromes, and subacromial bursa steroid injection will 
help approximately half of patients with post-stroke 
shoulder pain. Botulinum toxin and phenol injections 
provide relief when pain is due to spasticity in specifi c 
muscles.

Surgery

In post-stroke shoulder pain, surgical repair may be 
considered when rotator cuff tear can be established as 
the cause. Surgical débridement may be required for 
severe, unremitting frozen shoulder.

Muscle Stiffness due to Spasticity
Initial

The management of muscle stiffness due to spasticity is 
discussed in detail in Chapter 144. Intercurrent infections, 
localized sores, stress, and anxiety can worsen spasticity 
and should be treated before other interventions are 
added. Sedation in this cognitively fragile population is to 
be avoided and limits dosage titration of all the available 
antispasticity agents. Tizanidine and gabapentin, because 
of their analgesic as well as muscle relaxant actions, are 
logical choices for painful spasticity. Selective serotonin 
reuptake inhibitors occasionally exacerbate spasticity.

Rehabilitation

Mild post-stroke spasticity in the heel cord and fi nger 
and wrist fl exors can often be adequately controlled 
with a stretching program performed two or three times 
per day by the patient. Range of motion in a spastic 
ankle or hand can be preserved with nighttime use of 
custom fabricated resting splints.

Procedures

Injection of spastic muscles with botulinum toxin and 
of peripheral motor nerves with phenol can enhance 
gait pattern and hand function and reduce pain in 
young stroke survivors. Once a pattern of useful re-
sponse to injection to specifi c muscles and nerves has 
been established, consideration should be given to sur-
gical referral for more permanent intervention.

Surgery

Tendon lengthening, sectioning, and transfers infrequently 
performed in elderly stroke patients because of limited 
life expectancy and medical risks should be considered in 
younger patients when the pattern of hypertonicity has 
stabilized. Achilles tendon lengthening may allow im-
proved heel strike in patients with chronic equinovarus 
posturing due to spastic triceps surae. Sectioning of short 
toe fl exors can reduce painful toe clawing, and splitting 
and lateral reattachment of a portion of the anterior tibial 
tendon (SPLATT procedure) can rebalance a varus foot. 
Electrophysiologic evaluation of the extremity in a gait 
laboratory can provide useful information to supplement 
the physical examination and help ensure that the opti-
mal muscles are targeted for surgical intervention.

Bladder Dysfunction
Initial

For the stroke survivor with urge incontinence due to 
spastic neurogenic bladder, helpful medications are avail-
able. The anticholinergics oxybutynin and tolterodine are 
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fi rst-line agents for management of detrusor instability. 
In addition, tricyclic antidepressants provide mild anti-
cholinergic stimulation and can be used to increase blad-
der capacity.

Rehabilitation

Urinary incontinence can be successfully managed in the 
inpatient rehabilitation setting or at home with timed 
voiding (every 2 hours while awake), timed fl uid intake 
(none after supper), use of padded clothing or condom 
catheter, and a commode or urinal by the bedside.

Pelvic fl oor strengthening exercises are helpful for 
stress incontinence. There are no specifi c rehabilitation 
treatments for detrusor instability, although the patient’s 
therapists are often in a position to observe and to docu-
ment the extent of the problem.

Surgery

Bladder suspension surgery may be indicated for stress 
incontinence.

Sexual Dysfunction
Initial

Treatment of depression with medications such as bu-
propion, mirtazapine, and nefazodone, which do not 
hinder sexual function,29 and of active concurrent med-
ical illnesses can promote improved sexual function. 
Elimination of other medications that compromise 
ejaculatory or orgasmic function will obviously help as 
well. Treatment with testosterone to enhance libido and 
with sildenafi l to improve erection or estrogen to im-
prove lubrication may be considered.

Fatigue
Initial

Efforts to ensure a normal sleep-wake cycle should be 
made. These include maintenance of a consistent and 
appropriate bedtime, avoidance of stimulant beverages 
late in the day, and use of hypnotic agents at bedtime, if 
needed. For the patient who sleeps well at night but re-
mains easily fatigued during the day, a trial of methyl-
phenidate on arising and at noon may be considered. 
Loss of initiation due to frontal lobe disease may be 
perceived as fatigue and occasionally responds to aman-
tadine. For the depressed patient with fatigue, a nonse-
dating antidepressant should be chosen. Short daytime 
naps in patients with normal nighttime sleep pattern 
should not be discouraged.

Rehabilitation

A tailored cardiovascular conditioning program is help-
ful to maximize the patient’s aerobic capacity and physi-
cal stamina. Patients with signifi cant physical impair-
ment will benefi t from a physical therapist’s assistance in 
designing an adapted conditioning program, which may 
emphasize use of a stationary bicycle, arm ergometer, and 
therapeutic pool. Patients with limiting cardiovascular 

comorbidities will require the physician’s input for heart 
rate and blood pressure guidelines. Appropriate bracing 
and use of assistive devices and gait training by an expe-
rienced physical therapist can help reduce the energy cost 
of hemiplegic gait. For some patients, wheelchair propul-
sion is less fatiguing than walking.

POTENTIAL DISEASE COMPLICATIONS
The spectrum of neurologic and medical complications 
of stroke in young adults is similar to that in older 
stroke patients. See Chapter 149.

POTENTIAL TREATMENT 
COMPLICATIONS
Complications of stroke treatment are similar in young 
and older adults. They are discussed in Chapter 149.
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DEFINITION
Systemic lupus erythematosus (SLE) is an autoimmune 
multisystem disorder of unknown etiology with vari-
able clinical and laboratory manifestations, course, and 
prognosis. The manifestations of SLE can vary from 
mild rashes and musculoskeletal symptoms to poten-
tially life-threatening involvement of major organ sys-
tems, including the kidneys, lungs, and heart and the 
hematopoietic, gastrointestinal, and central nervous 
systems. Many other organs and systems can be in-
volved alone or in combination. The characteristic labo-
ratory manifestation is the presence of autoantibodies 
directed against the various components of the nucleus 
of a cell and thus termed antinuclear antibodies.

Although SLE is primarily a disease of young women 
of reproductive age, pediatric and geriatric cases are 
also encountered. The female-to-male ratio in the peak 
incidence age group (15 to 40 years) is approximately 
5:1. The prevalence among the general population is 
approximately 1 in every 2000 persons, but it varies ac-
cording to race, ethnicity, and socioeconomic back-
ground.

Classifi cation criteria, which are essential for clinical tri-
als and may provide a useful reference for clinical prac-
tice, have been proposed (Table 151-1). Both the sensi-
tivity and specifi city of these criteria for the diagnosis of 
SLE are 95% (i.e., 5% of patients who have SLE will not 
meet these criteria, and 5% of patients who do not have 
SLE may meet these criteria).

The severity of the disease is also extremely variable, and 
a waxing and waning clinical course is common. The 
disease can be mild enough or can be controlled in 

most cases to allow an essentially normal life with jobs 
and children. Pregnancy, however, can be complicated 
and requires close monitoring by a high-risk obstetri-
cian. Patients with SLE are at a much higher risk for 
development of atherosclerotic disease than is the gen-
eral population.

SYMPTOMS
The presentation varies widely according to the organ 
systems involved.1,2 Most patients present with mus-
culoskeletal and mucocutaneous symptoms, Raynaud 
phenomenon, and chronic fatigue. The fi rst notice-
able symptom may be the classic “butterfl y rash” 
across the nose. It is not uncommon to have a life-
threatening illness and severe disability due to in-
volvement of major organ systems early in the course 
of the disease.

Pain, weakness, and generalized fatigue are common 
symptoms of SLE (Table 151-2).

PHYSICAL EXAMINATION
Because so many organ systems may be involved, it is 
important to conduct a thorough physical examination 
(see Table 151-2).

Constitutional signs may include fever, tachycardia, bra-
dycardia, tachypnea, and conjunctival pallor. Rashes 
include the typical maculopapular erythematous malar 
or butterfl y rash and discoid and other rashes, including 
purpura. Oral and nasal ulcerations, lymphadenopathy, 
heart murmur, pleural or pericardial rub and other signs 
of heart failure and pleural effusion, diffuse abdominal 
tenderness, hepatosplenomegaly, stigmata of deep ve-
nous thrombosis or arterial thrombosis including pul-
monary embolism, and peripheral edema can be de-
tected during physical examination.

The musculoskeletal system is commonly involved and 
may cause stiffness, swelling, pain in joints and periar-
ticular structures, and weakness of muscles from acute 
and chronic infl ammation. Examination may reveal 
symmetric swelling, tenderness, warmth, erythema, and 
decreased range of motion of joints.

Synonyms
Lupus
Lupus erythematosus
SLE

ICD-9 Code
710.0 Systemic lupus erythematosus
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Although the arthritis in SLE is usually nonerosive, 
damage of periarticular structures can lead to tendon 
rupture and reducible joint deformities or subluxation 
(Jaccoud arthropathy) and may compromise hand func-
tion. The joints usually lack the exuberant synovitis seen 
in rheumatoid arthritis, and joint tenderness is often 
out of proportion to physical and radiologic fi ndings. 
Muscle tenderness and weakness and fi bromyalgia ten-
der points can also be seen.

Focal neurologic signs and change in mental status may 
indicate central nervous system involvement by SLE.

FUNCTIONAL LIMITATIONS
Functional limitations vary widely, depending on the 
severity of the disease and which organ systems are 
involved. Some patients may have no limitations. If 
musculoskeletal or joint involvement is present, 
pain, weakness, and loss of range of motion can limit 
hand, arm, and leg function. Typically, patients have 
diffi culty in dressing, bathing, doing household 
chores, working, and participating in recreational ac-
tivities. Mobility, including walking and running, may 
also be affected. Cardiac or pulmonary involvement 
may affect endurance. Central nervous system se-
quelae can be particularly devastating, and limitations 
depend on the part of the brain affected.

DIAGNOSTIC STUDIES
The wide variation in the manifestation of SLE often 
makes both the diagnosis and management of the condi-
tion a challenge. Diagnosis of SLE requires a careful and 

elaborate history, a meticulous physical examination, 
and diagnostic studies that depend on disease manifesta-
tions. The classifi cation criteria (see Table 151-1) can also 
be a useful guide in making the diagnosis.

Some of the common but nonspecifi c laboratory fi nd-
ings include anemia; positive Coombs test result; ele-
vated erythrocyte sedimentation rate and C-reactive 
protein concentration; increased transaminase, creatine 
kinase, aldolase, amylase, and lipase activities; and ele-
vated blood urea nitrogen and creatinine levels. Protein-
uria, dysmorphic red blood cells, and red and white 
blood cell casts on urinalysis indicate kidney involve-
ment. When suspicion for SLE is high on clinical 
grounds, some of the following more specifi c tests are 
usually ordered to establish the diagnosis of SLE3,4:

 ● Antinuclear antibodies and antibodies to extract-
able nuclear antigens, which include Ro, La, Sm, 
and U1RNP (Table 151-3).

 ● Anticardiolipin antibodies, lupus anticoagulant, 
and false-positive results of nonspecifi c tests for 
syphilis (e.g., VDRL test) may confi rm the pres-
ence of SLE-associated antiphospholipid antibody 
syndrome.

 ● Elevated serum concentrations of immune com-
plexes and evidence of complement consumption 
(e.g., decreased serum concentrations of comple-
ment split products, such as C4b, C5a, and SC5b-9) 
can be a good indicator of SLE disease activity.

Radiographs of involved joints may reveal periarticu-
lar osteopenia without bone erosion and may also 
show signs of advanced osteonecrosis. Radiographs of 
the chest can show pleural effusion, increased intersti-
tial markings, prominent pulmonary vessels, consoli-
dations, and cardiomegaly. High-resolution computed 
tomography of the chest may be needed when pulmo-
nary hemorrhage or active interstitial lung disease is 
suspected. Computed tomography and ultrasonogra-
phy may help diagnose lupoid hepatitis and pancre-
atitis. Magnetic resonance imaging can detect early 
osteonecrosis.

Biopsy of involved tissues (commonly the skin and kid-
neys), lumbar puncture, and cultures are often needed 
to rule out other possible diagnoses.

TABLE 151-1  American College of Rheumatology 
Criteria for the Classifi cation of Systemic 
Lupus Erythematosus*

Malar rash

Discoid rash

Photosensitivity

Oral ulcers

Arthritis

Serositis

Renal disorder (persistent proteinuria [more than 0.5 g/day] 
or cellular casts)

Neurologic disorder (seizures or psychosis)

Hematologic disorder (hemolytic anemia, leukopenia, 
lymphopenia, or thrombocytopenia)

Immunologic disorder (anti-DNA antibodies, anti-Sm antibodies, 
positive lupus erythematosus [LE] cell preparation)

Antinuclear antibody

*A patient may be classifi ed as having SLE if 4 or more of the 11 criteria 
are present at any time.
Modifi ed from Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria 
for the classifi cation of systemic lupus erythematosus. Arthritis Rheum 
1982;25:1271-1277.

Differential Diagnosis

Other autoimmune disorders and overlap syndrome 
(e.g., mixed connective tissue disease, polymyositis or 
dermatomyositis, scleroderma, Raynaud disease, spon-
dyloarthropathies, rheumatoid arthritis)

Dermatitis

Hematologic disorders (e.g., idiopathic thrombocyto-
penic purpura)

Neurologic disorders (e.g., epilepsy, multiple sclerosis)

Psychiatric disorders
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TREATMENT
Initial
Determination of disease activity and severity is required 
to develop an effective therapeutic regimen.5 Disease ac-
tivity indicates the degree of infl ammation; severity indi-
cates the degree of organ damage and dysfunction. It is 
important to determine both, as disease activity warrants 
immunosuppressive therapy, whereas organ damage 
without evidence of active infl ammation may not require 
immunosuppressive therapy. Disease activity can be eval-
uated by a combination of a careful history, physical ex-
amination, and clinically indicated organ-specifi c labora-

tory investigation and other tests (e.g., high-resolution 
computed tomography to evaluate pulmonary involve-
ment; renal biopsy, anti-double-stranded DNA antibody, 
complement levels, and urinalysis to monitor renal in-
volvement; and erythrocyte sedimentation rate, radiogra-
phy, and magnetic resonance imaging to evaluate arthri-
tis).6-9 Several new laboratory measures of disease activity 
have been reported and are being adopted in clinical 
practice, such as antibodies to nucleosomes, complement 
activation products, soluble T-cell activation markers, 
cytokine levels, antigenic factors, adhesion molecules, 
gene expression profi ling, and proteomic approaches.10,11

A number of research instruments have been developed: 

TABLE 151-2 Signs and Symptoms of Systemic Lupus Erythematosus

Organ System Signs and Symptoms

Constitutional Fatigue, malaise, fever, anorexia

Skin and mucous membrane Rashes (including the typical malar or butterfl y rash, discoid and other rashes)

Photosensitivity (develop rash and constitutional symptoms)

Oral and nasal ulcerations (typically painless at the onset)

Musculoskeletal system Joint pain

Polyarthralgia (symmetric joint pain)

Polyarthritis (symmetric joint pain with swelling, warmth, erythema, and morning stiffness)

Osteonecrosis (usually the ends of the long bones, and thus joint pain)

Muscles

Myalgia (muscle aches or pain)

Myositis (muscle aches or pain and weakness)

Serosal Pleuritis (pleuritic chest pain, shortness of breath)

Pericarditis (chest pain, rarely associated with hemodynamic compromise)

Peritoneal infl ammation (often presents with diffuse abdominal pain)

Cardiovascular Raynaud phenomenon

Myocarditis, endocarditis (chest pain, shortness of breath, peripheral edema)

Vasculitis—small vessel (variable presentation, depending on organs involved)

Pulmonary Interstitial disease, “shrinking lung syndrome” (cough, shortness of breath)

Pneumonitis, pulmonary hemorrhage (shortness of breath, cough, hemoptysis)

Pulmonary hypertension (shortness of breath, syncope)

Hematologic Lymphadenopathy (swollen glands)

Thrombocytopenia (easily bruised, purpuric rash)

Hemolytic anemia (fatigue, weakness, pallor)

Renal and urologic Lupus nephritis (peripheral edema, dark urine)

Lupoid cystitis (urgency, frequency, and dysuria with sterile urine)

Neuropsychiatric Neurologic

Headache (particularly refractory migraine-like headaches)

Seizures

Cerebral vascular accidents

Peripheral neuropathy

Cranial neuropathy

Transverse myelitis

Psychiatric

Cognitive dysfunction

Depression

Psychosis
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the University of Toronto SLE Disease Activity Index 
(SLE-DAI), the Systemic Lupus Activity Measure (SLAM), 
the British Isles Lupus Assessment Group (BILAG) scale, 
and a European Consensus Lupus Activity Measurement 
(ECLAM); these may eventually be useful for clinical 
practice also.12-15

Treatment depends on the particular manifestations for 
a given patient (see Table 151-2). Some general princi-
ples of management include education of the patient 
and psychosocial interventions, avoidance of sun expo-
sure (which is well known to cause exacerbation of SLE), 
assiduous treatment of hypertension, treatment of clot-
ting diatheses, prompt evaluation of unexplained fever 
(because these patients are immunocompromised as a 
result of either disease activity or the medication used to 
treat SLE), immunizations with infl uenza and pneumo-
coccal vaccines, and antibiotic prophylaxis for any inva-
sive procedures such as dental work (if the patient is 
taking immunosuppressive medications). Finally, a reli-
able means of family planning is needed because preg-
nancy can cause fl are-up of disease. These patients need 
close monitoring by a high-risk obstetrician, especially 
because they are often taking medications for which 
safety in pregnancy has not been established. Patients 
with musculoskeletal symptoms or serositis frequently 
respond to nonsteroidal anti-infl ammatory drugs. Anal-
gesics may also be used for pain control.

Antimalarials, especially hydroxychloroquine, are the 
most commonly used second-line agent for such symp-
toms and are also used for SLE skin lesions. Ideally, cor-
ticosteroids should be reserved for major organ system 
involvement and life-threatening situations; they are, 
however, widely used for many manifestations of SLE. 
For skin disease, topical steroid preparations may suffi ce. 
For patients who require high doses of steroids for long 
periods, immunosuppressive drugs such as cyclophos-
phamide, azathioprine, methotrexate, cyclosporine, and 
mycophenolate mofetil may be used as steroid-sparing 
agents. Depending on disease manifestations, hormonal 
therapies (danazol, prolactin secretion inhibition by bro-
mocriptine, dehydroepiandrosterone), plasma exchange, 
intravenous immune globulin (for thrombocytopenia 
and pulmonary hemorrhage), and dapsone (cutaneous 
disease) may also be useful. A number of other therapies 
for organ-specifi c manifestations are being studied, in-
cluding but not limited to autologous stem cell trans-
plantation,16 anti-B cell antibodies (e.g., rituximab, 
epratuzumab),17,18 and recombinant human interleukin-
1 receptor antagonist (anakinra).19

Rehabilitation
Depending on the manifestations of the disease, pa-
tients may benefi t from skilled physical and occupa-
tional therapy.

TABLE 151-3 Serologic Tests Commonly Used for Systemic Lupus Erythematosus

Antibody
Sensitivity 
for SLE*

Specifi city 
for SLE† Clinical Correlation

Antinuclear 95 � Screening test; specifi city, 60%

Also present in other autoimmune, rheumatic, and infl ammatory disorders; in 
infections; and in approximately 8% of the normal population

 Patterns of antinuclear antibodies are usually nonspecifi c except for certain 
antibodies:

  Peripheral nuclear pattern (anti–double-stranded DNA), seen in SLE

  Centromere pattern (anticentromere), seen in 75% of patients with CREST 

  (calcinosis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly, 
  and telangiectasia) syndrome

  Nucleolar pattern (antinucleolar), usually seen in scleroderma

Anti–double-stranded 
DNA

60-90 �� Glomerulonephritis; titers may correlate with disease activity

Antihistone 50-70 � Drug-induced lupus

Anti-Ro (SS-A) 20-60 � Subacute cutaneous lupus; neonatal SLE and congenital heart block; anti-Ro 
in 60% and anti-La in 50% of patients with Sjögren disease; “antinuclear 

antibody–negative SLE”
Anti-La (SS-B) 15-40 �

Anti-Sm 10-30 �� Nephritis, central nervous system involvement; titers may correlate with disease 
activity‡

Anti-RNP 10-30 � Mixed connective tissue disease‡

Anti-U1RNP 10 � Mixed connective tissue disease‡

Anti-P 10-15 �� Central nervous system lupus, lupus psychosis

Anti-cardiolipin 10-30 � Thrombosis, fetal loss, thrombocytopenia

*The sensitivity of the test depends on the frequency at which the antibodies are detected in patients with SLE.
†��, highly specifi c; �, antibody present in other autoimmune disorders; �, antibody present in other infl ammatory diseases.
‡An overlap syndrome of SLE, polymyositis, and scleroderma occurs at higher frequency in patients with anti-RNP and anti-Sm antibodies. The presence of anti-
U1RNP antibodies is a requirement for the diagnosis of mixed connective tissue disease.
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Although the arthropathy of SLE is usually mild and non-
aggressive and can be adequately controlled by general 
medical treatment, therapists can assist with the fabrica-
tion of splints and the performance of gentle range of mo-
tion and strengthening exercises. In an acutely infl amed 
joint, aggressive movement is avoided and strengthening is 
typically done statically. Modalities such as paraffi n baths 
can also help decrease pain and improve range of motion. 
Even with treatment, nonerosive SLE arthropathy can still 
lead to reducible subluxation or deformities with ulnar 
deviation and swan-neck deformities of the hands (Jac-
coud arthropathy) that resembles rheumatoid arthritis.

Patients with severe involvement of the hands may ben-
efi t from adaptive equipment, such as elastic (no tie) 
shoelaces, reachers, and wide-handled tools (e.g., scis-
sors, knives). For individuals who use the computer, 
voice-activated software or a foot computer mouse may 
be benefi cial.

Patients with severe pulmonary and cardiac manifesta-
tions and extreme fatigue may also benefi t from physi-
cal or occupational therapy to learn pacing strategies, 
breathing exercises, and relaxation techniques. Gentle 
conditioning exercises may be appropriate in some 
individuals to improve cardiovascular endurance.20-26

Inactivity due to various manifestations of SLE can 
lead to rapid loss of muscle mass and stamina and 
thus worsening of the fatigue. In such patients, a regi-
men of graded exercise may be benefi cial.27 If mobility 
is affected, physical therapy can be ordered to specifi -
cally address walking and transfers. Appropriate assis-
tive devices, such as canes and walkers, can be pro-
vided by the physical therapist, who will also instruct 
the patient in how to use the device. Patients who have 
signifi cant lower extremity weakness may benefi t from 
bracing. In some cases, wheelchairs or scooters may be 
necessary.

Procedures
Depending on disease manifestations, patients may 
benefi t from corticosteroid injections of joints, bursae, 
tendon sheaths, and tender points. Patients may also 
require thoracentesis, pericardiocentesis, pleurodesis 
and pleural stripping, pericardial window, bronchos-
copy, lumbar puncture, and biopsy of involved tissue 
for both diagnostic and therapeutic purposes. Patients 
with end-stage lupus nephropathy are managed with 
dialysis or kidney transplantation.20,28-34

Surgery
SLE is a multisystem organ disease and surgery may 
rarely be required for management of the disease 
manifestations or complications (e.g., osteonecrosis, 
ischemic bowel).

POTENTIAL DISEASE COMPLICATIONS
Depending on disease manifestations, complications 
may range from reducible joint deformities or sublux-
ations (Jaccoud arthropathy) to life-threatening renal, 

pulmonary, cardiac, vasculitic, thrombotic, gastrointes-
tinal, and central nervous system complications—some 
of which could be irreversible.

POTENTIAL TREATMENT 
COMPLICATIONS
Side effects of medications commonly used in SLE are 
listed in Table 151-4.20,28-34

Continued

TABLE 151-4  Side Effects of Medications Commonly 
Used in Systemic Lupus Erythematosus 

Medication Side Effects

Nonsteroidal anti-
infl ammatory drugs

Traditional Dyspepsia

Peptic ulcer

Gastrointestinal bleeding

Platelet dysfunction

Renal insuffi ciency

Hepatotoxicity

Rash

Aseptic meningitis

Cyclooxygenase 
2 selective

Dyspepsia

Renal insuffi ciency

Hepatotoxicity

Rash

Gluocorticoids Increased appetite, weight gain

Cushingoid habitus

Acne

Fluid retention

Hypertension

Diabetes

Glaucoma, cataracts

Atherosclerosis

Avascular necrosis

Osteoporosis

Impaired wound healing

Increased susceptibility to infection

Antimalarials Dyspepsia

Macular damage

Abnormal skin pigmentation

Neuromyopathy

Rash

Cyclophosphamide Dyspepsia, diarrhea

Myelosuppression

Myeloproliferative disorders, other 
malignant neoplasms

Hemorrhagic cystitis

Infertility

Alopecia
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TABLE 151-4  Side Effects of Medications Commonly 
Used in Systemic Lupus Erythematosus 
—cont’d

Medication Side Effects

Azathioprine Myelosuppression

Hepatotoxicity

Pancreatitis

Lymphoproliferative disorders 
(long-term risk)

Methotrexate Hepatic fi brosis, cirrhosis

Pneumonitis

Myelosuppression

Mucositis

Dyspepsia

Alopecia

Mycophenolate 
mofetil

Dyspepsia

Diarrhea, vomiting

Myelosuppression

Leukopenia

Infection, sepsis

Hypertension

Tremor

Cyclosporine Renal insuffi ciency

Hypertension

Anemia

Hirsutism

Tremor

Gum hyperplasia
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DEFINITION
Transverse myelitis is an infl ammation across the width 
of the spinal cord along one or more levels. The infl am-
mation can damage nerve cell fi ber myelin, resulting in 
disruption of nervous system conduction.1 Associated 
words include acute, indicating brief and severe, and idio-
pathic, implying that no specifi c viral or bacterial agent or 
any known infl ammatory cause can be found.2 There are 
few population-based studies of transverse myelitis avail-
able. In the United States, the incidence has been 
reported to be 4.6 cases per million per year in Albuquer-
que, New Mexico; 45% of the cases were parainfectious, 
21% were connected with multiple sclerosis, 12% were 
connected with spinal cord ischemia, and 21% were idio-
pathic.3 A study of acute transverse myelitis in Israel 
showed an average yearly incidence of 1.34 per million 
population during a 20-year period.4

The onset of transverse myelitis is variable, and up 
to 45% of cases worsen maximally within the fi rst 
24 hours; others do so during a few weeks.1,5,6 The pre-
sentation may be subacute (progressing during days to 
weeks, ascending, and associated with a good to fair 
prognosis) or acute and catastrophic (associated with 
back pain and a poorer outcome).7 Parainfectious trans-
verse myelitis tends to be manifested with greater weak-
ness and is more likely to have spinal shock than is 
transverse myelitis associated with multiple sclerosis or 
spinal ischemia. Parainfectious transverse myelitis also 

has a greater tendency for back and interscapular 
pain, ascending spinal cord dysfunction over more 
segments, and cord swelling on magnetic resonance 
imaging; 73% of this group had a preceding upper re-
spiratory tract illness, 13% gastroenteritis, and 13% 
generalized infl uenza-like syndrome.3

Recovery is often related to clinical presentation and 
may or may not be complete. More than one third of 
patients with acute transverse myelitis make good recov-
ery, another third have fair recovery, and the rest either 
fail to improve or die.4 If no recovery has occurred by 
1 to 3 months, complete recovery is less likely.3,4,7

SYMPTOMS
Patients with transverse myelitis may present with back 
or neck pain, girdle sensations around the trunk, other 
sensory abnormalities (temperature, pain, light touch, 
position, vibration), weakness in the arms or legs, fever, 
and infl uenza-like symptoms. Many report sensations 
of tight bands and dysesthesias around the trunk at the 
levels of the lesion.6 Diffi culty with bowel or bladder 
function is common. Infl ammation of the cord may 
cause partial or complete paralysis, with a posterior col-
umn syndrome, anterior spinothalamic tract syndrome, 
hemicord syndrome, nonspecifi c pattern, or complete 
spinal cord injury.5 In one study, transverse myelitis 
most commonly affected the cervical region, followed 
by the upper thoracic region.8 However, others report 
that the sensory level or demyelination usually occurs at 
the thoracic level.1,3

Careful questioning may reveal symptoms consistent 
with infection, immunocompromise, autoimmune dis-
ease, space-occupying lesion, multiple sclerosis, or 
vitamin defi ciencies. These conditions have particular 
characteristics, and details should be thoroughly ex-
plored. The season may determine which virus is more 
likely (e.g., tick-borne infections are more common in 
spring and early summer).2 History of exposure to cer-
tain environments or pets and the travel, past medical, 
and family history can provide clues. A careful social 
history may reveal sexual exposure or exercise routines 
traumatic to the spine or nerves.

152Transverse Myelitis

Peter A. C. Lim, MD

Synonyms
Transverse myelitis
Acute transverse myelitis
Idiopathic transverse myelitis
Myelitis

ICD-9 Codes
323.9 Unspecifi ed cause of encephalitis
344.11 Chronic paraplegia

(Paraplegia NOS)
344.12 Acute paraplegia
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A full review of organ systems will include questions 
about upper respiratory tract illnesses, cough, chest 
pain, and diffi culty breathing. Inquiries should be 
made about recent vaccinations, animal bites, tick 
bites, rashes, joint aches and muscle pain, vision 
changes, nausea, diarrhea, constipation, and diffi culty 
with voiding. Particular attention should be paid to 
details pointing to potentially ameliorable or reversible 
conditions (e.g., those responsive to antimicrobials or 
surgical decompression).

With increasing numbers of physiatrists performing 
invasive blocks for pain management, there should be 
an awareness of injury to the spinal cord as a possible 
complication. Cases of acute paraplegia with sensory, 
bowel, and bladder dysfunction have been reported 
after epidural steroid injections and lumbosacral nerve 
root blocks. Inadvertent direct cord injury may occur, 
or vascular injury resulting in cord infarction may be 
the cause.9-11 One postulate was damage to an abnor-
mally low artery of Adamkiewicz as it travels with 
the nerve root through the neural foramen. This dom-
inant radiculomedullary artery arises between T9 and 
L2 levels in 85% of people, but it may come from the 
lower lumbar region to as low as S1.11 There has also 
been a report of transverse myelitis resulting from the 
infected catheter tip of an intrathecal morphine pump 
placed for chronic pain.12

PHYSICAL EXAMINATION
Most infections or autoimmune illnesses affecting the 
spinal cord also affect other systems. Vital sign abnor-
malities like temperature elevations may point to an 
infectious etiology, and tachypnea can suggest a prob-
lem with oxygenation or blood fl ow. The physical ex-
amination should be systematic, with an evaluation of 
the skin and joints and the cardiovascular, respiratory, 
gastrointestinal, and genitourinary systems. An in-depth 
neurologic examination is essential. Involvement of 
cognitive function or cranial nerves is generally not seen 
with idiopathic transverse myelitis and suggests another 
diagnosis. A full evaluation of the motor strength, tone, 
coordination, muscle stretch refl exes, and sensory per-
ception (for pinprick, light touch, vibration, position 
sense, or temperature) will help determine the level of 
involvement and focus for diagnostic testing.6

FUNCTIONAL LIMITATIONS
As with any spinal cord injury, functional limitations in 
transverse myelitis depend on the level of injury and 
muscles that continue to be innervated. Debilitation 
and deconditioning from associated illnesses and pro-
longed recumbence will also affect function.

Individuals with only C4 innervation will be depen-
dent for most self-care activities, although environ-
mental control can be achieved by sip-and-puff, head, 
cheek, or tongue switches or by infrared or voice-
activated devices. A C5 level allows self-feeding and 
grooming with equipment, independent use of a power 

wheelchair, and possibly driving of a specially adapted 
van. C6 innervation allows independence with upper 
extremity dressing, bathing with equipment, use of a 
manual wheelchair indoors, perhaps transfers with a 
sliding board, and self-catheterization with appropri-
ate aids. A C7 level potentially allows independence 
in all self-care activities with equipment, and the 
patient may be able to live alone. T1 innervation 
allows independent use of a manual wheelchair and 
self-catheterization in most cases.

Further upper thoracic innervation allows easier use of 
manual wheelchairs and independence in bladder and 
bowel self-care. Some ambulation with knee-ankle-foot 
orthoses may be attempted for exercise, but indepen-
dent bipedal ambulation is not realistic unless the pa-
tient has some upper lumbar innervation.13 Each addi-
tional lumbar and sacral innervation increases the ease 
of ambulation. Incomplete spinal injuries will present 
with different combinations of functional abilities.

DIAGNOSTIC STUDIES
When transverse myelitis is suspected, magnetic reso-
nance imaging is generally performed to rule out poten-
tially treatable causes, such as tumor, abscess, or other 
lesions causing compressive myelopathy.6 Contrast ma-
terial can be given to better highlight lesions,14 and my-
elography may be done if magnetic resonance imaging is 
not available.6 Although they are not defi nitive, there are 
magnetic resonance imaging features that help differen-
tiate transverse myelitis from other disorders, such as 
multiple sclerosis. Transverse myelitis is more likely to 
have high signal intensity on T2-weighted images ex-
tending longitudinally over more segments.8,14 The num-
ber of segments involved may be one or two to as many 
as 11 and may even affect the entire cord or sometimes 
only the medulla.8,14-16 In transverse myelitis, the lesion 
appears more likely to affect the central region of the 
cord and involve more than two thirds of the cord diam-
eter. In multiple sclerosis, the lesion appears more pe-
ripheral and generally involves less than half of the di-
ameter of the cord.14 The lesion in transverse myelitis is 
more likely to resemble a spinal cord tumor, and biopsy 
may even be mistakenly performed.8,14

Magnetic resonance imaging of the brain with contrast 
enhancement is often performed to help determine 
whether the patient’s condition is a prelude to multiple 
sclerosis rather than “idiopathic” transverse myelitis. A 
study that does not show brain lesions translates to the 
likelihood of evolving multiple sclerosis at 5% to less 
than 20%. When brain abnormalities are seen, however, 
the chance for development of multiple sclerosis in-
creases to 50% to 90%.5,6 Asymmetric motor or sensory 
symptoms and absence of peripheral nervous system 
involvement at presentation suggest acute myelopathic 
multiple sclerosis, whereas symmetric symptoms and 
neurophysiologic evidence of peripheral nervous system 
involvement suggest acute transverse myelitis.17,18

Other tests include blood counts and chemistry; tests for 
autoimmune conditions, such as antinuclear antibodies, 
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anti–double-stranded DNA antibodies, anti-Sm anti-
bodies, and erythrocyte sedimentation rate; SS-A anti-
body for Sjögren disease; immunoglobulin levels; and 
VDRL test. Vitamin B12 levels may be tested, and Myco-
plasma pneumoniae or Mycobacterium cultures may be 
performed. Lyme titers and titers for various viruses 
including human immunodefi ciency virus, West Nile 
virus, poliovirus, hepatitis virus, Epstein-Barr virus, cyto-
megalovirus, and enteric cytopathic human orphan virus 
may be elevated.

A lumbar puncture allows the assessment of central ner-
vous system pressure as well as obtains cerebrospinal 
fl uid for cell count, determination of protein and glu-
cose concentrations, measurement of immunoglobulins, 
and protein electrophoresis. In one study, cerebrospinal 
fl uid oligoclonal bands were present in three of fi ve 
patients with multiple sclerosis–associated transverse 
myelitis but in none of four patients with parainfectious 
transverse myelitis.3 Vascular fl ow studies or clotting 
parameters may be needed if spinal hematoma, throm-
bosis, or vasculitis is suspected.

Electrodiagnostic studies, including somatosensory and 
motor evoked potentials, may be useful for both diag-
nostic purposes and monitoring of treatment progress.19

Cardiac stress testing may be appropriate for certain 
patients because of enormous stresses placed on the 
heart when mobility is impaired. A urinary evaluation 
may include cystography, voiding cystourethrography, 
and cystoscopy. A baseline renal ultrasound and urody-
namic evaluation has been recommended because of 
the very high rates of persistent long-term bladder dys-
function.20,21 Bowel evaluation may require radiogra-
phy, computed tomography, magnetic resonance imag-
ing, or colonoscopy to rule out obstruction.

TREATMENT
Initial
Hospitalization may be necessary to monitor vital signs, 
to manage respiratory status and bowel or bladder com-
plications, and to carry out investigations.6,13,20,32 Vari-
ous medications have been tried for idiopathic trans-
verse myelitis without clear success in changing the 
course. Intravenous methylprednisolone has been advo-
cated to prevent further damage to the spinal cord as a 
result of swelling.5,15,16,22 Cyclophosphamide in combi-
nation with methylprednisolone has some success on 
lupus-related lesions.16,23 Immunosuppressive agents, 
antiviral agents, antibacterial agents, and surgical de-
compression may also be useful, depending on whether 
a specifi c cause has been identifi ed.22 Timely manage-
ment of compressive lesions may reverse neurologic 
injury to the cord.6

Rehabilitation
Rehabilitation is a crucial component of the treatment 
for any spinal cord injury,33 and more severe cases of 
transverse myelitis will usually require a comprehen-
sive multidisciplinary rehabilitation program led by a 

physiatrist. Physical and occupational therapists on the 
team can work with patients on strengthening, endur-
ance, balance, coordination, joint range of motion, re-
conditioning, mobility, and independence with activi-
ties of daily living. If pain is present, appropriate 
medications or heat, cold, and electrical modalities 
may be helpful. An orthotist can improve mobility with 
bracing devices, such as an ankle-foot orthosis or knee-
ankle-foot orthosis. An assessment for appropriate 
equipment (e.g., wheelchair and other assistive de-
vices) is needed. Education of the patient and family 
about the disease, resultant impairments, potential 
complications, and plans for rehabilitation is impor-
tant. The psychological state of the patient should not 
be neglected, and there should be monitoring for de-
pression. Discharge planning and community reinte-
gration need to be assessed.

Differential Diagnosis1-6,9-12,14-16,22-31

Postinfectious
Viral: Epstein-Barr virus, herpes simplex, varicella-
zoster, cytomegalovirus, human immunodefi ciency
virus, enteroviruses (poliovirus, coxsackievirus, 
enteric cytopathic human orphan virus, echovirus), 
mumps, adenovirus, rubella, measles, angiotropic 
large-cell lymphoma, leukemia virus, infl uenza, 
rabies, West Nile virus

Bacteria: Lyme borreliosis, syphilis, tuberculosis, pneu-
monia (Mycoplasma pneumoniae), cat-scratch disease 
(Bartonella henselae), histoplasmosis

Multiple Sclerosis Associated
Multiple sclerosis
Neuromyelitis optica (Devic disease)

Autoimmune
Systemic lupus erythematosus
Sjögren syndrome
Sarcoidosis
Behçet disease
Mixed connective tissue disease

Spinal Cord Ischemia or Injury
Space-occupying lesions: tumors, herniated nucleus 
pulposus, spinal abscess, hematoma, spinal stenosis

Vascular: atherosclerosis, thrombosis of spinal arteries, 
arteriovenous malformations, vasculitis in heroin 
abuse, iatrogenic

Others
Idiopathic
Post-vaccination (measles, mumps, chickenpox, rabies)
Paraneoplastic syndrome
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Transverse myelitis may or may not be a transient con-
dition. Recovery may occur, and it is important to mini-
mize the effects of even temporary denervation. All 
muscles and joints should be kept as active as possible, 
and putting joints through a full range of motion daily 
will help prevent contractures. Passive and active exer-
cises and, at times, electrical stimulation are methods to 
keep muscle as fl exible and strong as possible. If respira-
tion is compromised, exercises for muscles of inspira-
tion may be started, glossopharyngeal breathing is 
taught, and electrical stimulation of the diaphragm may 
need to be considered.32

Spasticity may be a complication, as with other upper 
motor neuron lesions. Regular stretching and antispas-
ticity medications, such as baclofen, diazepam, and 
tizanidine, can minimize and decrease joint contrac-
tures. Checking the skin thoroughly on a daily basis can 
potentially avoid skin breakdown and associated infec-
tions. Insensate areas of high pressure should be 
relieved with special cushions and mattresses (e.g., egg 
crate foam, alternating pressure overlays), and pressure-
relieving ankle-foot orthoses may be helpful.

Bladder and bowel programs should be started imme-
diately because a neglected neurogenic bowel or blad-
der may lead to stool obstruction or kidney damage. 
An indwelling catheter can initially be used for bladder 
drainage, but intermittent catheterization is commonly 
instituted whenever possible. Long-term follow-up of 
2 to 10 years in pediatric patients with transverse my-
elitis showed that residual bladder dysfunction is com-
mon, even with improvement of paraparesis and lack 
of urologic symptoms. In a study, 86% had persistent 
bladder dysfunction and 77% had persistent bowel 
dysfunction.21

A bowel program includes adequate fl uids, proper diet, 
activity, and scheduled bowel movements. Upper motor 
neuron bowels may need a stool softener (e.g., docusate), 
osmotic laxative (lactulose), or stimulant laxative (senna 
or bisacodyl) for evacuation. Digital stimulation of the 
rectum is often effective and needs to be taught. With are-
fl exic lower motor neuron bowels, use of bulk laxatives 
like psyllium or methylcellulose to obtain formed stools 
may help in digital manual evacuation. Bowel training is 
often started daily in the hospital, but it can be extended 
to every 2 or 3 days once an individual returns home.

Individuals who require assistive devices for mobility 
must be trained in use of a wheelchair, walker, crutches, 
or cane, including maneuvering over steps and curbs. 
If transfers and ambulation require assistance, training 
of family members or assistants becomes crucial. For 
patients with transverse myelitis at the cervical level, 
various types of equipment and temporary or perma-
nent orthoses can be provided to help with self-care 
activities. Proper bathroom equipment and modifi ca-
tions, such as a tub bench, commode, hand-held 
shower, raised toilet seat, and grab bars, may make the 
difference between dependence and independence.

Selection of appropriate aids is essential to maximize 
function, and many are expensive. Timing of these 
purchases may need to be carefully considered in this 

possibly transient condition. Despite a reasonable prog-
nosis for eventual recovery, it is important to keep an 
individual as functionally independent as possible 
throughout the entire recovery period.

Procedures
Procedures in transverse myelitis are determined by sys-
tems affected by the spinal cord injury. Renal ultrasound 
and urodynamic evaluations are almost routine proce-
dures for these patients to monitor bladder dysfunction. 
Intramuscular botulinum toxin injections or alcohol 
and phenol nerve or motor point blocks may be needed 
for spastic limbs. An intrathecal baclofen pump may be 
effective in intractable cases. Other procedures include 
implantation of diaphragmatic electrodes (phrenic nerve 
stimulation) when respiratory muscles have been 
affected. Some patients receive functional electrical stim-
ulation systems to help maintain fi tness or to increase 
hand and ambulatory function. Anterior sacral root 
stimulators may be effective for bladder management.

Surgery
There is no specifi c surgical procedure for idiopathic 
transverse myelitis. However, compressive abnormalities, 
such as abscess, herniated nucleus pulposus, spinal ste-
nosis, and tumor, may need surgery as soon as possible 
to relieve pressure from the spinal cord. Complications 
stemming from spinal cord dysfunction that may require 
surgical intervention include skin breakdown, accidental 
injury including fractures from lack of sensation in mus-
cles and joints, development of kidney stones, and infec-
tions. Tendon transfers may be considered at a later stage 
to increase an individual’s functioning.

POTENTIAL DISEASE COMPLICATIONS
Potential disease complications resulting from spinal 
cord injury are generally similar irrespective of the 
cause. Common complications are deep venous throm-
bosis, pulmonary embolism, and pressure ulceration of 
skin if pressure relief is not done regularly. There may be 
varying degrees of respiratory muscle weakness; when it 
is severe, mechanical ventilatory assistance may be re-
quired. Patients are at increased risk for pneumonia or 
sleep apnea from the illness, compounded by any sedat-
ing medications or respiration-depressing narcotics 
given. Spasticity and joint contractures may result over 
time. Heterotopic ossifi cation may surround a joint, 
further promoting contracture. Gastrointestinal compli-
cations may begin with an acute ileus and follow with 
chronic constipation.

Urinary tract infections are common because retained 
urine and instrumentation both increase the likelihood 
of infection. Autonomic dysrefl exia may occur, espe-
cially for lesions above T6. Pain is a frequent complaint 
after spinal cord injury and in some studies affects more 
than 90% of individuals. This is often attributed 
to “central” or neurogenic pain, although some are 
believed to have a psychogenic component. Treatment 
initiated for this pain includes tricyclic antidepressants, 
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anticonvulsants, analgesics, and nonsteroidal anti-
infl ammatory drugs.

Overuse syndromes can result because muscles and 
joints are commonly stressed in trying to maintain or to 
learn new functions. Shoulder pain is a prominent is-
sue, and the problem—tendinitis, arthritis, rotator cuff 
tear, impingement, or contracture—must be properly 
identifi ed and rehabilitated. Often, use of proper trans-
fer techniques or specifi c adaptive equipment is helpful. 
Pressure from resting too long on superfi cial nerves can 
also cause pain or weakness. There may be diffi culty 
with reproduction and fertility issues as well; techniques 
for sexual fulfi llment need to be addressed.

POTENTIAL TREATMENT 
COMPLICATIONS
Treatment complications may result from side effects of 
medications and equipment required to treat the dis-
ease. Skin complications may result from ill-fi tting de-
vices or poorly applied dressings. Strictures or tracheal 
infl ammation can result from tracheostomy tubes, and 
if mechanical ventilation is required, failure of equip-
ment can result in hypoxia. Respiratory infections occur 
frequently with prolonged mechanical ventilation in 
high tetraplegia. High-dose steroids used to treat initial 
infl ammation may cause gastritis, ulceration, or hemor-
rhage in the gastrointestinal tract. Deep venous throm-
bosis prophylaxis and anticoagulant treatment may ex-
acerbate bleeding complications. Catheterization may 
cause urinary tract infections or false passages in the 
urethra, making further catheterization diffi cult, with 
possible development of strictures. If bowel programs 
are not well managed, anal irritation may go on to skin 
maceration and breakdown around the sacral region.
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DEFINITION
Traumatic brain injury is an insult to the brain stemming 
from an external physical force and resulting in either 
temporary or permanent impairment, functional disabil-
ity, or psychosocial maladjustment. Brain injuries occur 
twice as frequently in males as in females. There is a peak 
incidence among those 15 to 24 years old and again 
among those 75 years and older.1 Brain injuries usually 
occur as a consequence of motor vehicle accidents, falls, 
violence, and sports. In the United States, an average of 
1.4 million traumatic brain injuries occur each year, in-
cluding 1.1 million emergency department visits, 235,000 
hospitalizations, and 50,000 deaths.2-4 However, rou-
tinely reported U.S. national data underestimate the true 
burden of traumatic brain injury for several reasons. First, 
they do not include persons treated for traumatic brain 
injury in other settings, including outpatient settings and 
physicians’ offi ces. Second, patients seen in military fa-
cilities both in the United States and abroad are not re-
corded. Finally, the number of those who receive medical 
care but for whom the traumatic brain injury is not diag-
nosed or who sustain a traumatic brain injury but do not 
seek care is not known.2

The pathophysiologic process of brain injury is usually 
divided into primary injury, which is the injury to the 
brain that results at the time of the insult, and secondary 
injury, which can be thought of as the biochemical or 
physiologic damage that develops during a period of 

hours, days, weeks, and perhaps months after the primary 
injury. Secondary insults include intracranial hemorrhage, 
swelling, hypoxia, brain shift, herniation, and numerous 
neurochemical and cellular events.5 Some of these have yet 
to be well described or their signifi cance well elucidated.

SYMPTOMS
Symptoms may vary according to the severity of the 
injury and the stage of recovery. The history should in-
clude a detailed summary of the injury, comorbid con-
ditions, initial Glasgow Coma Scale score (Table 153-1), 
length of the coma (if any), and length of post-
traumatic amnesia. A review of important relationships 
both in the home and in the community is helpful in 
determining the prognosis for the patient’s recovery. If 
regression in function has occurred since the injury, the 
clinician should review for potential metabolic insults, 
such as infection, side effects of medications, or lack of 
nutrients including hydration and oxygen.

Patients with severe injury and extremely altered levels of 
arousal often have no subjective symptoms. After the 
acute phase of recovery, the clinician can expect symptoms 
to include seizures, contractures, spasticity, altered vision, 
vertigo or dizziness, and altered sense of smell. These may 
be the result of cranial nerve injuries or of central process-
ing dysfunction. Symptoms of dysautonomia may still be 
seen at outpatient follow-up and may be characterized by 
increased body temperatures, tachycardia, tachypnea, in-
creased posturing or tone, and profuse sweating.6

Common late symptoms may include memory defi cits 
(especially those of short-term memory to long-term 
memory transfer), higher level executive dysfunction, 
headaches, diffi culty with sleep-wake cycles, labile mood, 
depression, apathy, diffi culty with attention, social disin-
hibition, sexual dysfunction, anxiety, impulsivity, fatigue, 
and diffi culties with fi ne and gross motor control.1,7

PHYSICAL EXAMINATION
A thorough neurologic examination, including a neu-
ropsychological evaluation, is important to assess 
the consequences of a brain injury. The neurologic 

Synonyms
Head injury
Acquired brain injury
Concussion

ICD-9 Codes
854.0  Intracranial injury of other and unspecifi ed nature 

without mention of open intracranial wound
854.1  Intracranial injury of other and unspecifi ed nature with 

open intracranial wound
907.0  Late effect of intracranial injury without mention of 

skull fracture
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examination evaluates mental status, cranial nerve 
function, vision, hearing, deep tendon refl exes, and 
abnormal refl exes. The examination should also eval-
uate muscle strength, tone, and coordination and as-
sess gait or mobility in a wheelchair. It is important to 
make a thorough neuropsychological profi le with the 
assistance of a neuropsychologist. This should be 
done to determine both physical abilities and the cog-
nitive and emotional issues that will affect the pa-
tient’s function.

FUNCTIONAL LIMITATIONS
Motor
Patients may have diffi culty with mobility and self-care 
as a result of isolated motor weakness or coordination 
of either the upper or the lower extremities. Safe mobil-
ity may also be impeded by poor cognition, including 
defi cits with planning and poor impulse control.

Behavior
Individuals often experience subtle or dramatic per-
sonality changes that alter relationships with others. 
These may include problems in the initiation of re-
sponses, verbal or physical aggression, altered emo-
tional control, social disinhibition, depression, apa-
thy, decreased sense of self-worth, and altered sexual 
function.

Social
Patients often are unable to return to work at the previ-
ous level of function. As a consequence, they may suffer 
signifi cant economic strain and may have diffi culty with 
their relationships, including their marriage. Family 
members may be helpful in pointing out issues of social 
isolation, depression, and anger.

DIAGNOSTIC STUDIES
Imaging Studies
As a rule, computed tomography or magnetic resonance 
imaging is helpful for the initial assessment of intracra-
nial bleeding as well as the shifting of fl uids and tissues, 
but these studies are poor in their ability to estimate the 
actual volume and location of injured tissue.8 More so-
phisticated testing has been introduced, including sin-
gle-photon emission computed tomography, functional 
magnetic resonance imaging, and positron emission 
tomography, but for the most part, these are of little use 
in assessing the functional limitations caused by the 
injury. At the time of outpatient follow-up, it may be 
necessary to remind the patient and his or her caregivers 
of the extreme limitations of these studies and to focus 
on that patient’s functional abilities as the more impor-
tant measure of the extent of the injury. In general, fol-
low-up radiologic examinations are useful tools if the 
patient has excessively slow progress or has demon-
strated a decline in function. These may be helpful in 
determining new or expanding lesions. Otherwise, these 
are generally of limited utility.

Functional Assessment Tools
One of the best diagnostic tools is the Glasgow Coma 
Scale, which is used for the initial evaluation of the se-
verity of the patient’s injury (see Table 153-1). A review 
of this initial score will help in the determination of the 
extent of the injury and thus with prognostication. Later, 
as a review of function in the outpatient setting, progress 
can be measured by the Glasgow Outcome Scale or the 
Disability Rating Scale. Post-traumatic amnesia is impor-
tant for prognostication as well and can be assessed by 
the Galveston Orientation Assessment Test. To character-
ize the current level of functional recovery, the Rancho 
Los Amigos Scale is helpful in assessing the patient’s 
awareness and interaction with the environment.

Neuropsychological Testing
This battery of tests, performed by a neuropsychologist, 
is the best means of determining the full spectrum of 
cognitive, affective, and emotional function of the indi-
vidual. This may be done early in the course of recovery 
but should be repeated when a change in function 
needs to be documented. This testing may provide the 
clinician with critical information needed to under-
stand the ability of the patient to progress toward more 
independence or responsibility at home or at work. This 

TABLE 153-1 Glasgow Coma Scale

Patient Response Score

Eye opening

Eyes open spontaneously 4

Eyes open when spoken to 3

Eyes open to painful stimuli 2

Eyes do not open 1

Motor

Follows commands 6

Makes localized movements to painful stimuli 5

Makes withdrawal movements to painful stimuli 4

Demonstrates fl exor posturing to painful stimuli 3

Demonstrates extensor posturing to painful stimuli 2

No motor response to pain 1

Verbal

Oriented to place and date 5

Converses but is disoriented 4

Utters inappropriate words, though not conversing 3

Makes incomprehensible nonverbal sounds 2

Not vocalizing 1
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also may be a critical assessment tool for the documen-
tation of the injury for insurance purposes.

In addition to neuropsychological testing of the cogni-
tive performance of the patient, psychological services 
are important in the assessment and treatment of affec-
tive disorders, which may include depression, apathy, 
and post-traumatic stress disorder. It is important to 
consider psychology services as being useful for the 
family and support system because the stress on these 
individuals may be tremendous. Psychologists and be-
havior specialists may be helpful for the intervention 
into behavior issues.

After the metabolic status has been optimized, the 
clinician should focus on the remaining physical 
and cognitive defi cits to determine whether medica-
tions will be useful to enhance the function of the 
individual.

Arousal

Arousal will fl uctuate throughout the day for a person 
with brain injury. Fatigue and endurance will be long-
standing issues. Frequent rests and naps may be 
needed, even at more than 1 year after injury. Medical 
intervention may be initiated for hypoarousal and ex-
cessive fatigue. This includes amantadine, bromocrip-
tine, carbidopa-levodopa, methylphenidate, modafi nil, 
atomoxetine, amphetamine, nortriptyline, and pro-
triptyline.12

Attention

Neuropharmacologic agents for attention are similar to 
those used for arousal. These include neurostimulants, 
such as methylphenidate, pemoline, modafi nil, and 
atomoxetine, and dopaminergic agents, including 
amantadine, bromocriptine, and carbidopa-levodopa. 
Antidepressants include a long list of mixed as well as 
selective serotonin reuptake inhibitors; these will be 
especially useful if there is an element of depression 
interfering with cognition.

Agitation

Because agitation is a common and often troubling is-
sue among those recovering from a brain injury, a care-
ful selection of agents is important to prevent injury, to 
allow focus on rehabilitation, and to reduce the stress 
on caregivers. In general, the agents that are preferred 
help control behavior while producing the least reduc-
tion in cognition. Because benzodiazepines are thought 
to have the potential of interfering with the recovery of 
the injured brain, these are often not recommended in 
the early stages of recovery. Other medications are 
therefore used as fi rst-line agents. As an anxiolytic, bu-
spirone seems preferable. A clinician may use antisei-
zure medications as a mood stabilizer (e.g., divalproex 
sodium, carbamazepine), newer antipsychotic medica-
tions (e.g., risperidone, quetiapine), � blockers (e.g., 
propranolol), and antidepressants for anxious or agi-
tated patients. Because poor attention to the environ-
ment may result in behavioral agitation, stimulants 
such as amantadine and methylphenidate should also 
be considered useful agents.

Differential Diagnosis

Anoxic brain injury

Metabolic encephalopathy

Affective disorder

Depression

Whiplash-associated disorder

TREATMENT
Initial
The initial focus of treating a patient with a brain injury 
is to reduce the magnitude of the secondary head injury. 
If the initial injury is of suffi cient severity, computed to-
mography or magnetic resonance imaging is needed to 
determine the need for surgical intervention. The scans 
are reviewed for signs of excessive bleeding, edema, and 
shifting of the brain. If these signs are absent, medical 
intervention addresses the possible secondary injury that 
may result. Although it is still unclear as to how long a 
window of opportunity exists to affect the extent of sec-
ondary injury, it is generally accepted that this opportu-
nity is likely to exist within the time of the initial acute 
hospitalization.2 For this reason, there is little opportu-
nity to affect this process in the outpatient setting.

Initially, metabolic issues such as blood pressure, elec-
trolytes, hydration and nutrition, infectious processes, 
sleep apnea, and medications need to be addressed. Any 
imbalance in these may inhibit the function of the sur-
viving brain tissue. Hydration and nutrition should be 
well maintained. An individual with a brain injury may 
be unable or unwilling to take nutrients by mouth, and 
this may necessitate either intravenous or direct gastro-
intestinal feedings. This may be a signifi cant issue well 
into the post-acute phase of recovery.

A survey for possible infectious processes includes, at a 
minimum, the pulmonary and genitourinary systems. 
Even infections that a clinician may otherwise label 
subclinical can disrupt the function of a damaged brain. 
For this reason, such infections should be treated as 
potentially symptomatic.

Medications can have exaggerated effects among those 
with a brain injury and thus need to be reviewed care-
fully to eliminate any that may interfere with cognitive 
function. The list is long, but the most common offend-
ers include antiseizure medications, antihypertensive 
medications, antispasticity medications, neuroleptics, 
sedatives, hypnotics, and gastrointestinal medications. 
Some of these may be unnecessary, whereas others may 
have less disruptive alternatives.9-11
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Memory

Because memory requires both arousal and attention, 
the medications previously discussed may produce im-
provements in the ability to learn. In addition, there 
have been limited reports of positive results through the 
use of donepezil, memantine, and other similar medi-
cations. Memory can be more certainly enhanced, how-
ever, through the use of compensatory strategies and 
services. Speech pathologists can be useful for the intro-
duction of and training in some of these strategies. 
There are portable computers that can be prepro-
grammed with important information, and these mem-
ory aids can be frequently updated for individuals 
whose brain injury precludes the programming of the 
electronic memory aids.

Seizures

There is a reasonable body of literature to suggest that 
the use of antiseizure medications is not warranted if no 
seizure occurs within the fi rst week after the brain in-
jury. If the patient experiences a seizure after 1 week, the 
use of anticonvulsant agents is probably warranted for 
an extended period. Recommended agents depend on 
seizure type and usually include carbamazepine, val-
proic acid, and gabapentin.10

Spasticity

Spasticity is a common problem among patients with 
brain injury. Patients may also have hyperactive muscle 
stretch refl exes and clonus. If these problems are not ad-
dressed, early contracture of joints may result. The 
modifi ed Ashworth scale (see Table 144-1) can be used 
to measure the degree of spasticity. As a fi rst step of in-
tervention, the clinician should look for noxious stimuli, 
including anything that may produce pain. Infectious 
issues, positioning, and seating should be addressed as 
potential offenders. Stretching should be initiated and 
may necessitate serial casting and splinting. If medica-
tions are needed, these may include tizanidine, cloni-
dine, dantrolene, diazepam, and baclofen. All of these 
agents have potential side effects and should be used 
judiciously. Dantrolene is unique in its lack of central 
effect but often results in acute liver dysfunction.

Rehabilitation
The rehabilitation of patients with brain injury begins 
during the acute stage of treatment when the issues of 
secondary brain injury are the greatest. After the acute 
phase, it is important that the clinician review the po-
tential pharmacologic management and combine this 
with an interdisciplinary group of therapies, depending 
on the specifi c defi cits of the patient.

Physical Therapy

Physical therapy is important for the restoration of 
range of motion of the lower extremities and, if needed, 
through the use of serial casting. This may be aided by 
neurolysis or blocks at the neuromuscular junction. 
Later, issues of wheelchair preparation and propulsion 

may be important for those with suffi cient impairment 
of mobility. Ambulation training with the appropriate 
assistive device should be frequently reviewed as the 
patient progresses with ambulation. Safety must always 
be considered because the patient with brain injury may 
be endangered by impulsivity or poor planning and 
judgment.

Occupational Therapy

Occupational therapy addresses the preservation of 
joints when a lack of strength or an excess in tone or 
spasticity threatens a joint. As strength and ataxia are 
often issues in the fi rst year, these should be addressed 
individually. The issues of self-care, including daily ac-
tivities such as dressing, bathing, and grooming, must 
be addressed and emphasize the need for a planning 
strategy for the patient. Cooking and driving evalua-
tions may be needed to advise the patient before his or 
her return to the home.

Speech Pathology

Early in the care of the patient, the ability to swallow 
safely may need to be addressed. In addition, the speech 
pathologist, ideally working with the neuropsycholo-
gist, identifi es focal cognitive needs of the patient and 
addresses these over a length of time.13 These often in-
volve memory strategies and pragmatics for return to 
independence in the home.

Vocational Rehabilitation

Many patients will have diffi culty in returning to their 
previous level of employment. Vocational rehabilitation 
counselors can evaluate a patient’s skills and determine 
the need for training.

Procedures
For spasticity, local injections may be preferable to oral 
medications. These may include nerve root blocks, 
nerve blocks, motor unit blocks (all with phenol), and 
neuromuscular junction blocks (with botulinum toxin). 
When spasticity is severe and not responsive to these 
interventions, an intrathecal pump may be considered 
for continuous infusion of baclofen into the cerebrospi-
nal fl uid (refer to Chapter 144).

Surgery
Patients with new-onset hydrocephalus may need a 
shunt placed to reduce the pressure load at the brain. If 
medications and other measures fail to control spastic-
ity and contractures result, surgery may be an option. If 
joint contractures occur, a surgical release by an ortho-
pedic surgeon may be indicated.

POTENTIAL DISEASE COMPLICATIONS
Seizures can result from a brain injury. The risk is high-
est early after the injury but persists for years. Soon after 
the injury, patients are at risk for aspiration pneumonia 
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and, if their swallowing is impaired, for malnutrition 
and dehydration. Sleep apnea is a frequent early issue; 
it may, if not treated, exacerbate the symptoms of the 
brain injury. Continuous positive airway pressure may 
be an effective treatment. As with all trauma patients, 
there is a risk for deep venous thrombosis. This must be 
treated with prophylactic heparin or, if hemorrhage is a 
risk, with pneumatic compression devices or an inferior 
vena cava fi lter.

POTENTIAL TREATMENT 
COMPLICATIONS
Medications that are used to treat attention and 
arousal may lead to excess arousal and agitation. This 
may also present as somatic complaints or delirium. 
Medications for agitation and seizures may slow the 
patient’s recovery over time and may reduce the pa-
tient’s function while the medications are taken. Refer 
to Table 153-2.
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A
Abatacept, in rheumatoid arthritis, 162
Abduction stress test, in medial collateral 

ligament sprain, 320, 320f
Abduction–external rotation test, in thoracic 

outlet syndrome, 499
Abductor pollicis brevis, strength testing of, 

205–206
Acetaminophen. See also Nonsteroidal anti-

infl ammatory drugs (NSAIDs)
in hip arthritis, 273
in knee arthritis, 347, 348t
in lumbar spinal stenosis, 261
in stress fracture, 395
in thoracic compression fracture, 214

Achilles tendinitis, 407–409, 408f
Achillodynia, 415–420, 416t, 417t, 418t, 419t
Acromioclavicular joint injury, 41–46, 42f, 42t, 

43f, 44f, 45f, 46f
Acromioclavicular resisted extension test, 42, 43f
Active compression test, 42, 43f
Activity relearning, in rotator cuff tendinitis, 75
Acupuncture

in chronic fatigue syndrome, 640
in epicondylitis, 107
in fi bromyalgia, 526
in knee arthritis, 350
in osteoarthritis, 749
in thoracic sprain/strain, 227

Acute coronary syndrome, vs. costosternal 
syndrome, 546

Acute-phase reactants, in rheumatoid arthritis, 162
Acyclovir, in postherpetic neuralgia, 562
Adalimumab, in rheumatoid arthritis, 162
Adduction stress test, in lateral collateral 

ligament sprain, 320, 320f
Adhesive capsulitis, 49–54, 50f, 50t, 51f
Adson test, 499
Adult spinal muscular atrophy, 705–711, 706f, 

707t, 708t
Agitation, in traumatic brain injury, 915
Alar scapula, 83–88, 84t, 86f, 87t
Albert disease, 415–420, 416t, 417t, 418t, 419t
Albuminocytologic dissociation, 769
Alendronate, in osteoporosis, 755t, 756–757
Alkaline phosphatase, in heterotopic ossifi cation, 

693
Allen test, 150–151, 151f
Alzheimer dementia. See Dementia
Alzheimer disease, 665–671, 666t
Amantadine, in Parkinson disease, 715, 763t
Ambulation

after hip replacement, 299
in ankle sprain, 424
in lower limb amputation, 600–601, 602t, 603
in lumbosacral spinal cord injury, 881–882, 

881t
in metatarsalgia, 462
in Parkinson disease, 762
in stress fracture, 395, 396
in stroke, 890

Amenorrhea, exercise-induced, 393, 395
Amitriptyline

in cervical sprain/strain, 25
in complex regional pain syndrome, 514t, 515
in intercostal neuralgia, 552
in occipital neuralgia, 488, 489t

Amputation
in burns, 612
lower limb, 599–603, 602t, 603f, 673
upper limb, 595–598

�-Amyloid plaque, 666
Amyotrophic lateral sclerosis, 705–711, 706f, 

707f, 708t
Amyotrophy

brachial, 773–777, 774f
lumbosacral, 779–784, 780f, 781f

Anabolic steroids, in burns, 611
Anal manometry, in coccydynia, 573
Anemia

chronic kidney disease and, 648
hip replacement and, 297–298
knee replacement and, 401
pressure ulcer and, 816

Anesthetic injection
in acromioclavicular joint injury, 45, 46f
in carpal tunnel syndrome, 175
in cervical facet arthropathy, 7, 8, 8f, 9
in cervicogenic vertigo, 34, 34f
in coccydynia, 573–574
in costosternal syndrome, 547–548, 547f
in glenohumeral instability, 67, 68f
in lateral femoral cutaneous neuropathy, 

285, 285f, 286
in lumbar facet joint disease, 239
in Morton neuroma, 467, 467f
in rotator cuff tendinitis, 72–73, 75
in sacroiliac joint dysfunction, 269
in shoulder arthritis, 93–94, 93f, 94f
in spasticity, 850
in spondylolysis, 257
in Tietze syndrome, 559
in trapezius strain, 39, 39f
in trochanteric bursitis, 305

Angina, vs. costosternal syndrome, 546
Angiography

in heterotopic ossifi cation, 693
in polytrauma, 788–789
in stroke, 888

Angioplasty, in diabetes mellitus, 675–676
Angiotensin-converting enzyme inhibitors, in 

chronic kidney disease, 646, 648–649
Angiotensin receptor blocker, in chronic kidney 

disease, 646
Ankle. See also Foot (feet)

adhesive bursitis of, 420
anatomy of, 416f, 422f
bursitis of, 415–420, 416t, 417t, 418t, 419t
chronic instability of, 433–436, 434f
examination of, 422, 423f
ganglion cyst of, 445–447, 446f
osteoarthritis of, 411–413, 412f

Ankle (Continued)
rheumatoid arthritis of, 835
sprain of, 421–425, 422f, 423f

Ankle-brachial index, 674
Ankle-foot orthosis, 412
Ankylosing spondylitis, 605–607, 606f
Ankylosis. See Contracture
Anserine bursitis, 355
Anterior chest wall syndrome, 545–548, 546f, 

547f
Anterior cruciate ligament, 381, 382f

tear of, 307–312, 308f, 309f, 310t, 311t
Anterior drawer test

in ankle sprain, 422
in anterior cruciate ligament tear, 308, 309f
in medial collateral ligament sprain, 320

Anterior interosseous syndrome, 109–113, 110f, 
111f, 112f, 113f

Antibiotics
in extensor tendon injury, 140
in hand osteoarthritis, 158
in olecranon bursitis, 117

Antibodies
in systemic lupus erythematosus, 902, 904t
in transverse myelitis, 908–909

Anticholinergics
in bladder dysfunction, 723, 737t, 740, 740t
in Parkinson disease, 715, 762, 763t
in pulmonary rehabilitation, 826, 827t

Anticoagulants
prophylactic, 297, 660–661, 661t, 662
in stroke, 888, 890

Anticonvulsants
in arachnoiditis, 567, 567t, 568
in complex regional pain syndrome, 514t, 515
in femoral neuropathy, 279
in fi bromyalgia, 526
in intercostal neuralgia, 552–553
in lumbar radiculopathy, 244
in multiple sclerosis, 723
in occipital neuralgia, 487, 488, 489t
in peroneal neuropathy, 378
in phantom limb pain, 576t, 577
in traumatic brain injury, 915
in trigeminal neuralgia, 494, 495t
in ulnar neuropathy, 190

Antidepressants
in arachnoiditis, 567, 567t, 568
in chronic fatigue syndrome, 639
in complex regional pain syndrome, 514t, 515
in dementia, 670
in fi bromyalgia, 526
in hyperrefl exic bladder, 737t
in intercostal neuralgia, 552
in lumbar stenosis, 261
in motor neuron disease, 709
in myofascial pain syndrome, 533
in occipital neuralgia, 487, 488, 489t
in peripheral neuropathy, 770, 771
in peroneal neuropathy, 378
in phantom limb pain, 576t, 577

Note: Page numbers followed by f refer to fi gures; page numbers followed by t refer to tables.

Index

919

Index_919-935-X4007.indd 919Index_919-935-X4007.indd   919 3/17/08 9:14:29 PM3/17/08   9:14:29 PM



Antidepressants (Continued)
in repetitive strain injury, 542
in trapezius strain, 38, 39–40

Antimalarials
in psoriatic arthritis, 811
in rheumatoid arthritis, 837
side effects of, 689t
in systemic lupus erythematosus, 904

Antinuclear antibodies, in systemic lupus 
erythematosus, 902, 904t

Antioxidants, in amyotrophic lateral sclerosis, 707
Antiplatelet agents, in stroke, 888
Antivirals, in postherpetic neuralgia, 562
Anxiety

motor neuron disease and, 709
stroke and, 894, 896

Aortic aneurysm, 232t
Aphasia, 854t, 855, 856, 857, 859, 889
Apicitis, patellar, 367–369, 369f
Apley grind test, 361, 362f
Apophyseal joint pain, 7–9, 8f
Apprehension relocation test, in glenohumeral 

instability, 64, 66f
Apprehension test, 64, 65f, 72
Apraxia, speech, 853, 854–855, 854t, 857
Arachnoiditis, 565–569, 566f, 566t, 567t
Arcade of Struthers, ulnar nerve entrapment at, 

125
Arnold neuralgia, 485–489, 486f, 488f, 489t
Arterial insuffi ciency, lower extremity, 673–676
Arteriovenous fi stula, 647, 649
Arteriovenous graft, 647, 649
Arthritis. See also Osteoarthritis and at specifi c joints

bowel-associated, 685–689, 686f, 687f, 689t
infl ammatory. See Rheumatoid arthritis
psoriatic, 809–812, 810f
reactive, 685–689, 686f, 687f, 689t
rheumatoid. See Rheumatoid arthritis
seronegative, 605–607, 606f
spinal. See Cervical spine, degenerative disease 

of; Cervical spine, facet arthropathy of; 
Lumbar spine, degenerative disease of

Arthrocentesis
after knee replacement, 403
in cruciate ligament injury, 309, 384

Arthrodesis
in costosternal syndrome, 548
in elbow arthritis, 101–102
in hammer toe, 455
in hand osteoarthritis, 158
in hand rheumatoid arthritis, 163
in Kienböck disease, 169
in lumbar degenerative disease, 234
in lumbar spinal stenosis, 263
in mallet toe, 459
in mucous cyst, 158
in shoulder arthritis, 94–95
of wrist, 200, 200f, 208, 209f, 210f

Arthrofi brosis. See Contracture
Arthrography

in adhesive capsulitis, 51, 51f
in Baker’s cyst, 316
in biceps tendinitis, 57
in chronic ankle instability, 434, 434f
in epicondylitis, 106
in lumbar facet arthropathy, 238, 238f
in rotator cuff tear, 79

Arthroplasty
in ankylosing spondylitis, 607
in cerebral palsy, 633
disc, 234
in elbow arthritis, 100–102
in hammer toe, 455
in hand osteoarthritis, 158–159
in hand rheumatoid arthritis, 164
of hip, 274–275, 295–301

Arthroplasty (Continued)
of knee, 351–352, 399–405, 402t, 404t
in lumbar degenerative disease, 234
in mallet toe, 459
in osteoarthritis, 94, 100–102, 158–159, 

749–750
in shoulder arthritis, 94
in wrist arthritis, 199–200

Arthroscopy
diagnostic

in biceps tendinitis, 57
in wrist osteoarthritis, 206

therapeutic
in anterior cruciate ligament tear, 312
in elbow arthritis, 100
in ganglion cyst, 152
in knee arthritis, 351, 351t
in osteoarthritis, 749
in shoulder arthritis, 94

Aspiration
in anterior cruciate ligament tear, 311
in Baker’s cyst, 316, 317
in ganglion cyst, 151, 152, 158
in meniscal tear, 362, 363–364
in olecranon bursitis, 116–118, 118f

Aspirin, in stroke, 888
Assistive devices

in cancer-related fatigue, 624
in cerebral palsy, 632
in cervicogenic vertigo, 34
in knee arthritis, 349
in motor neuron disease, 710
in multiple sclerosis, 724
in myopathy, 732
in osteoarthritis, 157, 157t, 749
in peripheral neuropathy, 770
in post-poliomyelitis syndrome, 798
in stroke, 890
in transverse myelitis, 910
in trapezius strain, 38

Ataxia, in multiple sclerosis, 724
Atherosclerosis

coronary, 833–834
peripheral, 673–676

Athetosis, 714
Austin Moore endoprosthesis. See Hip, 

replacement of
Autonomic dysrefl exia, 860, 862t, 872, 873

treatment of, 740, 865–866, 875
Autonomic testing, in peripheral neuropathy, 

769
Avascular necrosis, lunate, 167–170, 168f, 168t, 

169f, 170f
Avoidance behavior, in chronic fatigue syndrome, 

636–637
Azathioprine

in peripheral neuropathy, 770
side effects of, 689t

B
Babinski sign, 4
Back pain. See also Low back strain/sprain; 

Lumbar spine, stenosis of
axial, 247–248
differential diagnosis of, 232t–233t
in lumbar degenerative disease, 229–230, 

247
in lumbar facet arthropathy, 237, 

247–248
myofascial, 248
radicular, 248
referred, 248
in scapular winging, 85–86
in spondylolysis, 254
thoracic, 223–227

Baclofen
in lumbar degenerative disease, 233t
in multiple sclerosis, 723, 725
in neurogenic bladder, 737t
in spasticity, 851, 851t
in trigeminal neuralgia, 494, 495t

Baker’s cyst, 315–317, 316f, 833
Balanitis, circinate, 686
Bath Ankylosing Spondylitis Functional Index, 606
Beatty maneuver, 531
Bed rest

joint contracture and, 651, 652f
in lumbar radiculopathy, 243
in post-poliomyelitis syndrome, 798
in thoracic sprain/strain, 226

Bedsores. See Pressure ulcers (sores)
Benzodiazepines

in amyotrophic lateral sclerosis, 709
in movement disorders, 716
in multiple sclerosis, 723
in neurogenic bladder, 737t
in spasticity, 850, 851t

Benzopyrones, in lymphedema, 700
Benztropine, in Parkinson disease, 762, 763t
Bernhardt-Roth syndrome, 283–286, 284t
Bethanechol, in arefl exic bladder, 737t
Biceps brachii

corticosteroid injection of, 57, 58f
rupture of, 59–61, 60f

Biceps tendon
rupture of, 59–61, 60f
tendinitis of, 55–58, 56f, 58f

Biceps tenodesis, in biceps tendinitis, 57–58
Bicipital groove, palpation of, 55, 56f
Bicipital strain, 59–61, 60f
Bilevel positive airway pressure, 827

in amyotrophic lateral sclerosis, 711
Biofeedback therapy

in dysphagia, 681–682
in phantom limb pain, 577

Biologic therapy
in psoriatic arthritis, 811
in rheumatoid arthritis, 162, 837

Biopsy
in myopathy, 731
in peripheral neuropathy, 769
in pressure ulcers, 816
in systemic lupus erythematosus, 902

Birmingham hip resurfacing. See Hip, 
replacement of

Bisphosphonates
in heterotopic ossifi cation, 693–694
in osteoporosis, 755t, 756–757

Bladder
arefl exic, 734, 735t, 738f, 739
control of, 733–734
drug effects on, 734, 737t
dysfunction of

after stroke, 895, 896, 898–899
in cervical spinal cord injury, 868
in lumbosacral spinal cord injury, 882, 

883, 884
in multiple sclerosis, 723
in Parkinson disease, 734
in thoracic spinal cord injury, 877
in transverse myelitis, 910

neurogenic, 733–742
examination of, 735–736, 738f, 739f
symptoms of, 733–735, 735t, 736f
treatment of, 737–742, 737t, 740t, 741f, 

866, 866t, 868
Blast injury, 787–791, 791t
Blood clot. See Deep venous thrombosis
Blood fl ow

pressure ulcer formation and, 814
in repetitive strain injury, 539–540

920 I n d e x

Index_919-935-X4007.indd 920Index_919-935-X4007.indd   920 3/17/08 9:14:29 PM3/17/08   9:14:29 PM



921

Blood pressure, ankle/foot, 674
Bone

brittle (thin). See Osteoporosis
injury to. See Fracture

Bone mineral density, 754–755, 755t
in post-poliomyelitis syndrome, 796

Bone scan
in cancer, 622–623
in hip disease, 297
in quadriceps contusion, 292
in scoliosis, 844
in spondylolysis, 255–256, 256f
in thoracic spinal cord injury, 872
in Tietze syndrome, 558
in trochanteric bursitis, 304

Borg exertion scale, 618, 619f, 828
Botulinum toxin injection

in cerebral palsy, 633
in cervical dystonia, 581–582
in cervicogenic vertigo, 34
in coccydynia, 574
in epicondylitis, 107
in headache, 522
in movement disorders, 716
in multiple sclerosis, 724–725
in myofascial pain syndrome, 529, 530
in neurogenic bladder, 737t
in piriformis syndrome, 288, 530
in postherpetic neuralgia, 563
in spasmodic dysphonia, 857
in spasticity, 850, 851
in thoracic spinal cord injury, 876
in thoracic sprain/strain, 227
in trapezius strain, 39, 40

Boutonnière deformity, 141, 142t, 161, 162f, 
164, 834, 834f

Bowel-associated arthritis, 685–689, 686f, 687f, 
689t

Bowel dysfunction
in cervical spinal cord injury, 865–866, 868
in lumbosacral spinal cord injury, 882, 883, 

884
in multiple sclerosis, 720, 722, 723–724
neurogenic bladder and, 738–739
in Parkinson disease, 763
in thoracic spinal cord injury, 874, 874t, 

877
in transverse myelitis, 910

Brace
after knee replacement, 404
in ankle sprain, 424
in cerebral palsy, 632
in chronic ankle instability, 434
in epicondylitis, 106
in joint contracture, 653
in knee arthritis, 349
in patellofemoral syndrome, 372
in scapular winging, 87–88
in spinal deformity, 845, 846, 846f
in stroke, 890
in thoracic compression fracture, 214, 215f
in thoracic radiculopathy, 221

Brachial plexopathy, 773–777, 774f
Brachial plexus, 497, 498f, 773, 774f
Brachialgia, 17–21, 18f, 18t, 19f
Bragard sign, 249t
Brain attack. See Stroke
Brain injury. See Post-concussion disorders; 

Traumatic brain injury
Break-dancer’s thumb, 183–185
Breast cancer

exercise in, 623–624
lymphedema in, 697, 699f
mastectomy-related pain in, 589–590

Breathing retraining exercises, 828
Brittle bones. See Osteoporosis

Bromocriptine, in Parkinson disease, 715, 763, 
763t

Bronchodilators, 826, 827t
Brunelli test, 129
Bucket-handle injury, 360, 361, 361f
Bunion, 427–429, 428f, 429f
Bunionette, 429–430
Bupropion

in cardiac rehabilitation, 617
in complex regional pain syndrome, 514t

Burn contracture. See Burns
Burns, 609–613, 610t, 611f
Bursectomy, in olecranon bursitis, 118
Bursitis

foot and ankle, 415–420, 416f, 416t, 417t, 
418t, 419t

knee, 355–358, 356f, 357f
olecranon, 115–118, 116f, 118f
septic, 115–117, 116f, 118, 118f, 420
trochanteric, 232t–233t, 303–305, 304f

C
C-reactive protein, in heterotopic ossifi cation, 693
Calcaneus altus. See Foot (feet), bursitis of
Calcifi cations, in trochanteric bursitis, 304
Calcitonin

in osteoporosis, 755t, 757
in thoracic compression fracture, 214
in Tietze syndrome, 559

Calcium, in osteoporosis, 755–756
Calculi, renal, 736
Calf, edema of, 657
Calf hypertension. See Compartment syndrome
Callosity, of toe, 441–443, 442f, 443f
Cancer

breast, 589–590, 623–624, 697, 699f
fatigue with, 621–625
lumbosacral plexopathy with, 781–782
lymphedema with, 697, 699f

Cane, in arthritis, 274, 349
Capsaicin

in complex regional pain syndrome, 514t
in intercostal neuralgia, 552
in knee arthritis, 347, 348t

Capsulitis. See also Contracture
adhesive, 49–54, 50f, 50t, 51f

Carbamazepine
in brain injury, 915
in complex regional pain syndrome, 514t, 515
in occipital neuralgia, 488, 489t
in peripheral neuropathy, 770
in phantom pain, 577
in spinal cord injury, 867, 867t
in trigeminal neuralgia, 494, 495t

Cardiac rehabilitation, 615–620, 617t, 618t, 619t
Cardiovascular disease

chronic kidney disease and, 648
rehabilitation in, 615–620, 617t, 618t, 619t
rheumatoid arthritis and, 833–834

Caregiver support, in dementia, 669t, 670
Carisoprodol, in lumbar degenerative disease, 

233t
Carotid endarterectomy, 890
Carpal cyst. See Ganglion cyst
Carpal tunnel

corticosteroid injection of, 199
release of, 176

Carpal tunnel syndrome, 173–177, 174f, 175f, 
176f

in rheumatoid arthritis, 195, 198
Carpectomy

in Kienböck disease, 169
in osteoarthritis, 207–208, 208f, 209f, 210

Carpometacarpal joint, corticosteroid injection 
of, 157, 158f

Cast
in joint contracture, 653, 654f, 655
in lower limb amputation, 601, 602t
in posterior tibial dysfunction, 477
in spasticity, 850
in ulnar collateral ligament sprain, 184

Catechol O-methyltransferase inhibitor, in 
Parkinson disease, 763, 763t

Catheterization
femoral artery, 780–781
urinary

intermittent, 734, 739, 874
suprapubic, 741, 741f

Cauda equina syndrome. See Spinal cord injury, 
lumbosacral

Causalgia, 511–516, 513t, 514t
Celiac disease, 686, 687, 688
Cellulitis, lymphedema and, 701, 702f
Cerebral infarction. See Stroke, young adult
Cerebral palsy, 627–633, 630f

mortality from, 627–628
types of, 627

Cerebral venous thrombosis. See Stroke, young 
adult

Cerebrospinal fl uid analysis
in peripheral neuropathy, 769
in transverse myelitis, 909

Cerebrovascular accident, 887–891, 889t, 
893–899, 894t, 896t. See also Stroke, 
young adult

Cervical collar
in radiculopathy, 20, 21
in spondylotic myelopathy, 5

Cervical dystonia, 579–582, 582t
Cervical migraine, 485–489, 486f, 488f, 489t
Cervical rib syndrome. See Thoracic outlet 

syndrome
Cervical rotation–lateral fl exion test, 499–500, 

500f
Cervical spine. See also Spinal cord injury, cervical

aging-related changes in, 3, 11
canal diameter in, 3, 4, 5f
decompression and fusion of, 14
degenerative disease of, 11–15, 12t, 13f
examination of, in rotator cuff tear, 77
facet arthropathy of, 7–9, 8f
facet joint of, 7
neurocentral joints of, 11, 12f
palpation of, in facet arthropathy, 7
radiculopathy of, 17–21, 18f, 18t, 19f
rheumatoid arthritis of, 835, 836f, 837, 837f
spondylotic myelopathy of, 3–6, 5f
sprain/strain of, 23–25, 24f
stenosis of, 27–31, 28f, 29f
traction on

in cervical stenosis, 30, 31
in degenerative disease, 14

Cervicogenic vertigo, 33–35, 34f
Chamay procedure, 200
Cheiralgia paresthetica, 121–124, 122f, 123f
Chest pain

atypical, 545–548, 546f, 547f
in cardiac rehabilitation, 615
differential diagnosis of, 551t, 558t
in Tietze syndrome, 555

Chlorzoxazone, in lumbar degenerative disease, 
233t

Choking, 679
Cholinesterase inhibitors, in dementia, 669, 671
Chondritis, costal, 555–560, 556f, 557f, 558f
Chondrodynia

costosternal, 545–548, 546f, 547f
parasternal, 555–560, 556f, 557f, 558f

Chondroitin sulfate, 347, 348t, 748
Chondromalacia, patellar, 371–374, 372f, 373f, 

374f

Index
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Chondropathia tuberosa, 555–560, 556f, 557f, 
558f

Chorea, 714
Chronic fatigue syndrome, 635–640, 637t, 

638t
Chronic obstructive pulmonary disease, 823. 

See also Pulmonary rehabilitation
Chronic pain syndrome, 505–509, 506t, 507t, 

508t, 522. See also Pain
Chronic paroxysmal hemicrania, 494t
Chronic venous insuffi ciency, fasciotomy and, 

329
Cigarette smoking

cessation of
in cardiac rehabilitation, 617
in osteoporosis, 756

diabetes and, 675
Cilostazol, in diabetes mellitus, 675
Citalopram, in complex regional pain syndrome, 

514t
Clasp-knife phenomenon, 849
Claudication

neurogenic, 260. See also Lumbar spine, 
stenosis of

vascular, 673–676
Clavicle, distal, atraumatic osteolysis of, 41–46, 

42f, 42t, 43f, 44f, 45f, 46f
Clavus, 441–443, 442f, 443f
Claw toe, 437–440, 438f, 439f
Clonazepam

in complex regional pain syndrome, 514t
in trigeminal neuralgia, 494, 495t

Clonidine, in complex regional pain syndrome, 
514t

Cluster headache, 519, 522
Cobb angle, 844, 844f
Coccydynia, 571–574, 572f, 573f
Coccygectomy, 574
Coenzyme Q10, in amyotrophic lateral 

sclerosis, 707
Cognitive-behavioral therapy

in chronic fatigue syndrome, 639
in myofascial pain syndrome, 532–533

Cognitive impairment/defi cit, 667, 667t, 668, 
669f. See also Dementia

in cancer, 623
in cerebral palsy, 630
in multiple sclerosis, 721, 724
in post-concussion disorders, 802, 803, 

805
in stroke, 889

Cognitive testing, in dementia, 667–668
Cognitive training, in dementia, 670–671
Cold intolerance, in post-poliomyelitis 

syndrome, 795, 796, 797
Cold therapy

in Achilles tendinitis, 408
in acromioclavicular joint injury, 44
in ankle sprain, 424
in biceps tendinitis, 57
in cervical stenosis, 30
in costosternal syndrome, 547
in foot and ankle bursitis, 419
in hammer toe, 454
in hamstring strain, 333
in intercostal neuralgia, 553
in mallet toe, 458
in plantar fasciitis, 471
in quadriceps contusion, 292
in repetitive strain injury, 542
in rotator cuff tear, 79
in trapezius strain, 38
in trochanteric bursitis, 305
in wrist osteoarthritis, 207

Collateral ligament sprain, 319–322, 320f, 321f
Communication disorders, 853–857, 854t

Compartment syndrome
in biceps tendon rupture, 61
lower extremity, 325–329

acute, 325–329, 325f, 326f
chronic, 325–329, 327f
pressure measurements in, 327–328, 327f

Complex regional pain syndrome, 511–516, 
513t, 514t

stages of, 511–512
treatment of, 513–516, 513t, 514t

Compression devices/garments
in burn-related scarring, 611
in deep venous thrombosis prophylaxis, 660
in lymphedema, 700–701

Compression test, in sacroiliac joint dysfunction, 
268

Computed tomographic myelography
in cervical degenerative disease, 13
in cervical spondylotic myelopathy, 4

Computed tomography (CT)
in cerebral palsy, 631
in cervical radiculopathy, 20
in chronic ankle instability, 434
in dementia, 668
in glenohumeral arthritis, 92
in heterotopic ossifi cation, 693
in lumbar degenerative disease, 231
in lumbar radiculopathy, 243, 244f
in lumbar spinal stenosis, 262t
in lumbosacral plexopathy, 783
in lumbosacral spinal cord injury, 882
in occipital neuralgia, 486
in polytrauma, 788
in post-concussion disorders, 803–804
in scapular winging, 87
in spondylolysis, 255, 255f, 256f
in stroke, 888
in thoracic sprain/strain, 225
in Tietze syndrome, 558
in traumatic brain injury, 914
in wrist osteoarthritis, 206

Concussion, 801, 802t. See also Post-concussion 
disorders; Traumatic brain injury

Conjunctivitis, in psoriatic arthritis, 809
Constipation

in cerebral palsy, 629
in multiple sclerosis, 720, 723–724
in Parkinson disease, 763
in spinal cord injury, 874, 882, 883

Continent diversion, in neurogenic bladder, 742
Continuous passive motion, after total knee 

replacement, 401, 402t, 403
Continuous positive airway pressure, 827
Contracture, 651–655, 652t, 654f

bed rest and, 651, 652f
in burns, 611, 611f, 612
in cerebral palsy, 633
in compartment syndrome, 326, 328
Dupuytren, 133–136, 134f
lower extremity, 652–653, 654f
in lower limb amputation, 600
physical examination in, 652, 653f
spasticity and, 849
spinal cord injury and, 651
stroke and, 869, 895
upper extremity, 652

Contusion
hamstring, 331–335, 332f, 333f, 334f
quadriceps, 291–293

Conus medullaris syndrome, 780t, 781t, 
879–884

Corns, 441–443, 442f, 443f
Coronary heart disease

rehabilitation in, 615–620, 617t, 618t, 619t
in rheumatoid arthritis, 833–834

Corticobasal degeneration, 762

Corticosteroids
injection of

in acromioclavicular joint injury, 45, 46f
in adhesive capsulitis, 51
in ankylosing spondylitis, 607
in biceps tendinitis, 57, 58, 58f
in carpal tunnel syndrome, 175, 176, 176f
in cervical radiculopathy, 20–21
in cervical stenosis, 30, 31
in chronic ankle instability, 435
in coccydynia, 573–574
in costosternal syndrome, 547–548, 547f
in de Quervain tenosynovitis, 131
in degenerative disease, 14
in Dupuytren contracture, 135
in elbow arthritis, 100, 101f
in epicondylitis, 106–107, 107f
in foot and ankle bursitis, 419, 420
in foot and ankle ganglia, 446
in glenohumeral instability, 67, 68f
in hammer toe, 455
in hand osteoarthritis, 157, 158f
in hip arthritis, 274, 274f
in iliotibial band syndrome, 341–342, 342f
in intercostal neuralgia, 553
in jumper’s knee, 369
in knee arthritis, 350, 350f, 350t
in knee bursitis, 357, 357f
in lateral femoral cutaneous neuropathy, 

285, 285f, 286
in lumbar degenerative disease, 234
in lumbar disc disease, 250
in lumbar facet joint disease, 239
in lumbar radiculopathy, 245
in lumbar spinal stenosis, 263
in mallet toe, 458
in Morton neuroma, 467, 467f, 468
in myofascial pain syndrome, 533–534
in olecranon bursitis, 118
in osteoarthritis, 749
in piriformis syndrome, 288, 534
in plantar fasciitis, 472, 472f, 473
in postherpetic neuralgia, 563
in quadriceps tendinitis, 388
in rotator cuff tendinitis, 75
in sacroiliac joint dysfunction, 269
in shoulder arthritis, 93–94, 93f, 94f
in Tietze syndrome, 559
in trigger fi nger, 181, 181f
in trochanteric bursitis, 305
in ulnar neuropathy, 191, 191f
in wrist osteoarthritis, 207
in wrist rheumatoid arthritis, 198–199

intravenous, in cervical sprain/strain, 25
oral

in carpal tunnel syndrome, 175
in cervical degenerative disease, 14
in cervical stenosis, 30
in complex regional pain syndrome, 515
in median neuropathy, 175
in multiple sclerosis, 722–723
in rheumatoid arthritis, 162, 837, 838t
side effects of, 689t, 838t
in thoracic radiculopathy, 221

Corticotropin-releasing hormone, in 
fi bromyalgia, 530

Costal chondritis, 555–560, 556f, 557f, 558f
Costochondral junction syndrome, 555–560, 

556f, 557f, 558f
Costochondritis, 545–548, 546f, 547f
Costoclavicular syndrome. See Thoracic outlet 

syndrome
Costosternal chondrodynia, 545–548, 546f, 547f
Costosternal joints, in thoracic sprain/strain, 

224–225
Costosternal syndrome, 545–548, 546f, 547f
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Costotransverse joints, in thoracic sprain/strain, 
224–225

Costovertebral joints, in thoracic sprain/strain, 
224–225

Cough therapy
in cervical spinal cord injury, 865
in ventilatory impairment, 829

Coughing, in dysphagia, 679, 680t
Coumadin. See Warfarin
Creatine kinase

in heterotopic ossifi cation, 693
in myopathy, 731

Creatinine, serum, in chronic kidney disease, 645
Creatinine clearance, in chronic kidney disease, 

645
Credé maneuver, 739
Crest pad

in corns, 442, 442f
in mallet toe, 458

Crohn disease, 685, 686, 686f, 688–689
Cross-body adduction test, 42, 42f
Cruciate ligament

anterior, 381, 382f
tear of, 307–312, 308f, 309f, 310t, 311t

posterior, 381, 382f
sprain of, 381–385, 382f, 382t, 383f, 384f

Crutches, in ankle sprain, 424
Cryotherapy. See Cold therapy
Cubital tunnel syndrome, 98, 99, 125–127, 126f
Cucumber heel. See Foot (feet), bursitis of
Cumulative trauma disorder, 539–543
Cyclobenzaprine

in lumbar degenerative disease, 233t
in myofascial pain syndrome, 533

Cyclooxygenase 2 inhibitors. See Nonsteroidal 
anti-infl ammatory drugs (NSAIDs)

Cyclosporine, 689t
Cyst(s)

Baker’s, 315–317, 316f, 809, 833
ganglion

foot and ankle, 445–447, 446f
hand and wrist, 149–153, 150f, 151f
paralabral, 92

popliteal, 315–317, 316f
synovial, 149

Cystoscopy
in cervical spinal cord injury, 864
in lumbosacral spinal cord injury, 882
in neurogenic bladder, 736

D
D-dimer assay, in deep venous thrombosis, 

658–659
Dantrolene

in multiple sclerosis, 723
in neurogenic bladder, 737t
in spasticity, 851t

Darifenacin, 740, 740t
Darrach procedure, 199, 200f
De Quervain tenosynovitis, 129–131, 130f
Débridement

in ankle arthritis, 412
in elbow arthritis, 100, 102
in knee arthritis, 351, 351t
in pressure ulcers, 819
in shoulder arthritis, 94

Debulking surgery, in lymphedema, 701, 701f
Decubitus ulcers, 813–819, 814t, 815f, 817f

in cerebral palsy, 630
in cervical spinal cord injury, 866, 867
in lumbosacral spinal cord injury, 883, 884
in thoracic spinal cord injury, 872–873, 876

Deep brain stimulation
in cervical dystonia, 582
in Parkinson disease, 764

Deep venous thrombosis, 657–662, 658t, 659f, 
659t, 661t, 662f

hip replacement and, 297
knee replacement and, 401, 404
spinal cord injury and, 872, 875
stroke and, 890

Degenerative joint disease. See Osteoarthritis
Deglutition disorder. See Dysphagia
Delirium, 668t
Dementia, 665–671, 666t, 669f, 669t
Denosumab, in osteoporosis, 757
Denture pain, 493t
Deprenyl, in Parkinson disease, 715
Depression

after stroke, 887, 894, 896, 897–898
in cardiac rehabilitation, 616
vs. dementia, 668t
dementia and, 670, 671
in motor neuron disease, 709
in Parkinson disease, 764–765
in post-concussion disorders, 803, 805
in thoracic spinal cord injury, 872
in traumatic brain injury, 915
in upper limb amputation, 598

Desensitization therapy
in complex regional pain syndrome, 515
in postherpetic neuralgia, 562

Desipramine, in complex regional pain 
syndrome, 514t

Detrol, 740, 740t
Detrusor hyperactivity, 723, 735t
Detrusor-sphincter dyssynergia, 723, 734, 735t, 

737t, 739f
Dextromethorphan, in phantom limb pain, 577
Diabetes mellitus

lumbosacral plexopathy in, 779–784, 780f, 
781f

peripheral arterial disease in, 673–676
polyneuropathy in, 770
polyradiculopathy, 233t
thoracic radiculopathy in, 219

Dialysis, 647
Dialysis elbow, 115–118, 116f, 118f
Diarrhea, in multiple sclerosis, 724
Diazepam. See Benzodiazepines
Diet

in cardiac rehabilitation, 617, 617t
in chronic kidney disease, 649
in dysphagia, 680, 681
in multiple sclerosis, 723–724

Diffuse idiopathic skeletal hyperostosis, 229, 
232t

Digital fl exor tenosynovitis, 179–182, 180f, 181f
Disc. See Intervertebral disc
Discography, in lumbar degenerative disease, 231
Disease-modifying drugs, in rheumatoid 

arthritis, 837
Disseminated sclerosis. See Multiple sclerosis
Distraction test, in sacroiliac joint dysfunction, 

268
Ditropan, 740, 740t
Diuretics, in lymphedema, 700
Dizziness

cervicogenic, 33–35, 34f
post-concussion, 802–803, 805, 806

Donepezil, in dementia, 669
Dopamine agonists, in Parkinson disease, 763, 

763t
Dorsal rhizotomy

in cerebral palsy, 633
in occipital neuralgia, 487

Dorsal scapular nerve palsy, 84
Dossifying fi bromyopathy/fi bromyositis. See

Heterotopic ossifi cation
Double-crush syndrome, 12, 500
Dowager’s hump. See Kyphosis

Doxepin, in complex regional pain syndrome, 
514t

Draftsman’s elbow, 115–118, 116f, 118f
Drawer test

anterior
in ankle sprain, 422
in anterior cruciate ligament tear, 308, 309f
in medial collateral ligament sprain, 320

posterior
in posterior cruciate ligament sprain, 381, 

383f
Dressing

in hip replacement, 297
in lower limb amputation, 601–602, 602t, 603f

Driving
dementia and, 671
lower limb amputation and, 601–602
stroke and, 896

Drop arm test, 72
Drugs. See also specifi c drugs and classes of drugs

myopathy with, 729, 730t
peripheral neuropathy with, 768t

Dual-energy x-ray absorptiometry, 754–755, 755t
Duloxetine

in arachnoiditis, 567, 567t
in complex regional pain syndrome, 514t

Duodenal ulcer, 232t
Dupuytren contracture (disease), 133–136, 134f
Durkan test, 195
Dysarthria, 853, 854t, 855, 855t, 856–857

in dysphagia, 679
in motor neuron disease, 710
in multiple sclerosis, 721, 724
in Parkinson disease, 715, 761
in stroke, 889

Dyskinesia, 713–717
Dysphagia, 679–683, 680t, 681t, 682t

in motor neuron disease, 710
in multiple sclerosis, 721, 724
in post-poliomyelitis syndrome, 795, 796, 797
in stroke, 889

Dysphonia, 679, 853–854, 854t, 855, 857
in post-poliomyelitis syndrome, 795

Dyspnea
in cancer, 621, 622
in cardiac rehabilitation, 616
in post-poliomyelitis syndrome, 794–795
in pulmonary disease, 823, 824
in spinal cord injury, 860, 861t

Dysrefl exia, autonomic, 740
Dystonia, 714, 715, 716

spastic. See Spasticity

E
Echocardiography, in rheumatoid arthritis, 836
Edema. See also Lymphedema

calf, 657
hip replacement and, 297
lower limb amputation and, 601, 602t
pulmonary, 644

Effusion, in rheumatoid arthritis, 98, 835
Eichoff test, 129
El Escorial criteria, 706–707, 706f
Elastic bandage, in lower limb amputation, 

601, 602t
Elbow

amputation below/above, 595–598
bursitis of, 115–118, 116f, 118f
immobilization of, in biceps tendon 

rupture, 61
injection of, 100, 101f
osteoarthritis of, 97–102, 98t, 99f, 100f, 101f
rheumatoid arthritis of, 835
tennis/pitcher’s/golfer’s, 105–107, 107f
ulnar neuropathy at, 125–127, 126f
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Electrical stimulation
in cervical sprain/strain, 25
in knee arthritis, 349
in lateral femoral cutaneous neuropathy, 

285
in lumbosacral plexopathy, 784
in myofascial pain syndrome, 532
in neurogenic bladder, 741
in occipital neuralgia, 487–488, 488f
in osteoarthritis, 749
in Parkinson disease, 764
in phantom limb pain, 577
in postherpetic neuralgia, 562
in shoulder arthritis, 93

Electroacupuncture, in Tietze syndrome, 559
Electrocardiography

in cardiac rehabilitation, 616
in rheumatoid arthritis, 836

Electrodiagnostic testing
in biceps tendinitis, 57
in brachial plexopathy, 775
in carpal tunnel syndrome, 175
in cerebral palsy, 631
in cervical radiculopathy, 20
in cervical spinal cord injury, 864
in cervical spondylotic myelopathy, 4
in femoral neuropathy, 278
in lumbar degenerative disease, 231
in lumbar radiculopathy, 243
in lumbar spinal stenosis, 262t
in lumbosacral plexopathy, 783
in lumbosacral spinal cord injury, 882
in median neuropathy, 111
in myopathy, 731
in peripheral neuropathy, 769
in peroneal neuropathy, 377
in piriformis syndrome, 288
in polytrauma, 788
in post-poliomyelitis syndrome, 796
in radial neuropathy, 122
in repetitive strain injury, 541
in rotator cuff tendinitis, 72
in scapular winging, 87
in scoliosis, 844
in thoracic radiculopathy, 220
in transverse myelitis, 909
in ulnar neuropathy, 126, 189

Electromyography
in brachial plexopathy, 775
in carpal tunnel syndrome, 175
in cerebral palsy, 631
in cervical radiculopathy, 20
in cervical spinal cord injury, 864
in femoral neuropathy, 278
in lateral femoral cutaneous neuropathy, 

284
in lumbar radiculopathy, 243
in lumbar spinal stenosis, 262t
in lumbosacral plexopathy, 783
in lumbosacral spinal cord injury, 882
in median neuropathy, 111
in myopathy, 731
in peripheral neuropathy, 769
in peroneal neuropathy, 377
in radial neuropathy, 122
in scapular winging, 87
in thoracic radiculopathy, 220
in ulnar neuropathy, 126, 189–190

Electrotheraphy, in myofascial pain syndrome, 
532

Electrothermal therapy, in lumbar degenerative 
disease, 234

Elephantiasis, 699–700, 701, 701f
Elevated arm stress test, 499
Embolectomy, 661

Embolism, pulmonary. See also Deep venous 
thrombosis

knee replacement and, 404
spinal cord injury and, 872

Emotional lability/incontinence
after stroke, 894
in motor neuron disease, 709

Encephalomyelitis, myalgic. See Chronic fatigue 
syndrome

Endometriosis, 232t
Endoscopy, in dysphagia, 681–682
Enoxaparin, prophylactic, for hip replacement, 

297
Entacapone, in Parkinson disease, 763, 763t
Enteropathic arthritis, 685–689, 686f, 687f, 689t
Epicondylitis, 105–107, 107f

vs. radial neuropathy, 123
Epoetin, in chronic kidney disease, 648
Erb palsy, 773–777, 774f
Erectile dysfunction, in thoracic spinal cord in-

jury, 875, 876
Ergonomics, in repetitive strain injury, 542–543
Erysipelas, lymphedema and, 701, 702f
Erythropoietin, in chronic kidney disease, 648
Esophagectomy, 682
Esophagoscopy, in dysphagia, 680
Esophagus, dilatation of, 681
Etanercept, in rheumatoid arthritis, 162
Etidronate disodium, in heterotopic ossifi cation, 

693–694
Exercise(s)

in Achilles tendinitis, 409
in acromioclavicular joint injury, 45
in adhesive capsulitis, 51–52, 53f
after hip replacement, 275, 299
in ankle sprain, 424
in ankylosing spondylitis, 607
in anterior cruciate ligament injury, 310, 

310t, 311, 311t
in arachnoiditis, 567–568
in biceps tendinitis, 57
in biceps tendon rupture, 61
in brachial plexopathy, 776
in burns, 611
in cancer-related fatigue, 623–624
in cardiac rehabilitation, 618–619, 618t, 

619f, 619t
in cerebral palsy, 632
in cervical degenerative disease, 14
in cervical facet arthropathy, 8
in cervical sprain/strain, 25
in chronic ankle instability, 435
in chronic fatigue syndrome, 639
in collateral ligament sprain, 322
in diabetes mellitus, 675
in dysphagia, 681, 682f
in epicondylitis, 106
in fl exor tendon injury, 147–148, 147t
in foot and ankle bursitis, 418–419, 419t
in glenohumeral instability, 66–67, 67t
in hammer toe, 454
in hamstring strain, 334, 335f
in hand osteoarthritis, 157
in heterotopic ossifi cation, 694
in hip arthritis, 273
in iliotibial band syndrome, 340–341, 341f
in jumper’s knee, 368–369, 369f
in knee arthritis, 347, 349
in knee bursitis, 357
in kyphosis, 845
in low back pain, 250
in lumbar radiculopathy, 244
in lumbar spondylolysis and spondylolisthe-

sis, 257
in lumbar stenosis, 262

Exercise(s) (Continued)
in lymphedema, 701
in mallet toe, 458
in meniscal injury, 363
in metatarsalgia, 463
in motor neuron disease, 709–710
in movement disorders, 716
in myofascial pain syndrome, 532
in myopathy, 732
in occipital neuralgia, 487
in osteoarthritis, 748–749
in osteoporosis, 756
in Parkinson disease, 716
in patellofemoral syndrome, 373, 373f, 374f
in peroneal neuropathy, 378
in piriformis syndrome, 288
in plantar fasciitis, 471
in post-poliomyelitis syndrome, 797–798
in post-thoracotomy pain, 587
in posterior cruciate ligament sprain, 384
in posterior tibial dysfunction, 477
in psoriatic arthritis, 811
in pulmonary rehabilitation, 827, 828t
in quadriceps contusion, 292–293
in quadriceps tendinitis, 388
in rheumatoid arthritis, 837
in rotator cuff tear, 79–80, 80
in rotator cuff tendinitis, 74
in scapular winging, 88
in shin splints, 391
in shoulder arthritis, 93
in spondylolysis, 257
in stroke, 888, 889f
in thoracic outlet syndrome, 501–502, 501f
in thoracic sprain/strain, 226
in tibial neuropathy, 481
in Tietze syndrome, 559
in trapezius strain, 38, 39
in trochanteric bursitis, 305
in ulnar collateral ligament sprain, 185
in ulnar neuropathy, 190

Exercise testing
in cardiac rehabilitation, 616, 617–618, 620
in pulmonary rehabilitation, 825

Extensor brevis tendon lengthening, 455
Extensor digitorum longus lengthening, 455
Extensor tendon injury, 139–143, 140f, 141t, 

142t, 143t
Extensor tendon reconstruction, in rheumatoid 

arthritis, 163
External rotation recurvatum test, 320, 321f
Extracorporeal shock wave therapy, in plantar 

fasciitis, 472
Extrapyramidal disease. See Movement disorders

F
Facet joints

cervical, disease of, 7–9, 8f
lumbar

disease of, 237–239, 238f
injection of, 234, 235, 239

Facial pain, 491–496, 493t–494t, 495f, 495t
FAIR test, in piriformis syndrome, 288
Falls

in post-poliomyelitis syndrome, 798
prevention of, 756
in tarsal tunnel syndrome, 480

Famciclovir, in postherpetic neuralgia, 562
Familial lymphedema. See Lymphedema
Far-out syndrome, 259–260
Fasciectomy, in Dupuytren contracture, 136
Fasciitis

gluteal, 232t–233t
plantar, 469–473, 470f, 472f
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Fasciotomy
in Dupuytren contracture, 135, 136
in lower extremity compartment syndrome, 

328–329
Fatigue

after stroke, 895, 896, 899
in brain injury, 913, 915
in cancer, 621–625
chronic, 635–640, 637t, 638t
in multiple sclerosis, 721, 724, 724t
in post-poliomyelitis syndrome, 794, 795, 796
in systemic lupus erythematosus, 901
in traumatic brain injury, 915

Fatigue fracture, 393–396, 394f, 395f
Feeding

in cerebral palsy, 629
in dysphagia, 681
in motor neuron disease, 711
in Parkinson disease, 764

Felty syndrome, 836
Femoral artery catheterization, 780–781
Femoral nerve, 277, 278f, 279f

injury to, 780, 782
traction testing on, 280f

Femoral neuropathy, 277–280, 278t, 280f
Femur, stress fracture of, 393–397, 394f, 395f
Fertility, thoracic spinal cord injury and, 875, 876
Fibroblast, in Dupuytren disease, 133
Fibroma, perineural, 461–462, 465–468, 466f, 

467f
Fibromatosis, plantar, 469–473, 470f, 472f
Fibromyalgia, 232t, 525–527, 526f, 530. See

also Myofascial pain syndrome
defi nition of, 37, 525
trapezius, 37–40, 39f

Fibrositis, 525–527, 526f. See also Myofascial 
pain syndrome

humeroscapular, 49–54, 50f, 50t, 51f
trapezius, 37–40, 39f

Filariasis, 697
Finger. See also Hand; Thumb

amputation of, 595–598
extensor injury of, 139–143, 140f, 141t, 142t, 

143t
fl exor injury of, 145–148, 146f, 147f, 147t
trigger (locked), 179–182, 180f, 181f

Finkelstein test, 129, 130f
First dorsal interosseus, strength testing of, 206
Fistula, arteriovenous, in chronic kidney disease, 

647, 649
Flatfoot deformity, 475–477, 476f
Flexor digitorum longus lengthening, in claw 

toe, 439
Flexor digitorum longus tendon transfer, in 

hammer toe, 455
Flexor digitorum longus transfer, in posterior 

tibial dysfunction, 477
Flexor hallucis longus lengthening, in claw toe, 

439
Flexor hallucis longus tendon transfer, in claw 

toe, 439
Flexor tendon injury, 145–148, 146f, 147f, 147t
Flexor tendon reconstruction, in rheumatoid 

arthritis, 163
Flexor tenosynovitis, in rheumatoid arthritis, 163
Flutter breathing, 826
Focal sclerosis. See Multiple sclerosis
Foot (feet). See also Ankle

adhesive bursitis of, 420
bursae of, 415, 416f
bursitis of, 415–420, 416t, 417t, 418t, 419t
care of, in diabetes mellitus, 675
corns of, 441–443, 442f, 443f
diabetic, 673–676
examination of, in cerebral palsy, 630

Foot (feet) (Continued)
fl at-, 475–477, 476f
ganglion cyst of, 445–447, 446f
hallux valgus of, 427–429, 428f, 429f
innervation of, 481f
Morton neuroma of, 461–462, 465–468, 

466f, 467f
ulcer of

in claw toe, 439
in corns, 441
in diabetes, 673–676
in hammer toe, 453
in mallet toe, 457
in tibial neuropathy, 482

Footdrop
in compartment syndrome, 326
in peroneal neuropathy, 375, 376–377, 378

Footwear. See Shoe(s)
Forced vital capacity, in cervical spinal cord in-

jury, 864–865
Forearm band, in epicondylitis, 106
Fracture

hip, 754
humeral, 46
osteoporotic, 758
sacral, 779–780
stress (insuffi ciency, fatigue, march), 

393–396, 394f, 395f
thoracic, 213–217, 214f, 215f, 216f
wrist, 203, 204f, 754

Freiberg sign, 287, 531
Froment sign, 125–126, 126f
Frozen shoulder, arthritic, 91–95, 92f, 93f, 94f

G
Gabapentin

in arachnoiditis, 567, 567t
in complex regional pain syndrome, 514t, 515
in intercostal neuralgia, 552–553
in multiple sclerosis, 723
in occipital neuralgia, 487, 489t
in peripheral neuropathy, 770
in phantom pain, 576t, 577
in post-thoracotomy pain, 586
in repetitive strain injury, 542
in spinal cord injury, 867, 867t
in trigeminal neuralgia, 494, 495t

Gaenslen test, 249t, 268, 605, 606f
Gait

in cerebral palsy, 630, 631
in cervical spondylotic myelopathy, 3, 4
in femoral neuropathy, 279
in hamstring strain, 332
in hip disease, 272, 295
in lower limb amputation, 603
in osteoarthritis, 746
in Parkinson disease, 761, 764
in polytrauma, 789

Galantamine, in dementia, 669
Galeazzi sign, 629–631, 630f
Gamekeeper’s thumb, 183–185
Ganglion cyst

foot and ankle, 445–447, 446f
hand and wrist, 149–153, 151f, 155, 158
paralabral, 92

Gapping test, in sacroiliac joint dysfunction, 
268

Garrod nodes, 133
Gastrostomy tube

in cerebral palsy, 629
in motor neuron disease, 711

Genetic testing, in myopathy, 731
Genitofemoral nerve, injury to, 780, 782
Geste antagoniste, 580, 581

Giant cell arteritis, 494t
Gibbus deformity, 232t, 841–846, 842f
Girdlestone fl exor tendon transfer

in claw toe, 439
in hammer toe, 455

Glasgow Coma Scale, 914, 914t
Glenohumeral joint

injection of, 67, 68f, 93–94, 93f, 94f
instability of, 63–68, 64f, 65f, 66f, 67t, 68f
osteoarthritis of, 91–95, 92f, 93f, 94f

Glomerular fi ltration rate, in chronic kidney 
disease, 643, 644, 644t

Glossopharyngeal neuralgia, 493t
Glucosamine

in knee arthritis, 347, 348t
in osteoarthritis, 748

Gold therapy
in psoriatic arthritis, 811
in rheumatoid arthritis, 837
side effects of, 689t

Golfer’s elbow, 105–107, 107f
Goniometry, 652, 653f
Graft

in anterior cruciate ligament tear, 312
arteriovenous, in chronic kidney disease, 

647, 649
in post-concussion disorders, 806

Great toe
bunion of, 427–429, 428f, 429f
clawed, 437–440, 438f, 439f
osteoarthritis of, 449–451, 450f, 451f

Greater trochanteric pain syndrome, 303–305, 
304f

Gross Motor Function Classifi cation System 
(GMFCS), 630

Gunshot wound, lumbosacral plexopathy with, 
782

Guyon canal
corticosteroid injection into, 191, 191f
ulnar nerve entrapment in, 187–192, 188f, 

188t, 189f, 190f

H
H refl ex, 288
Haglund deformity, 415, 418. See also Foot (feet), 

bursitis of
Hallpike-Dix maneuver, 803
Hallux rigidus, 449–451, 450f, 451f
Hallux valgus, 427–429, 428f, 429f
Hammer toe, 453–455, 454f
Hamstrings, 331, 332f

strain of, 331–335, 332f, 333f, 334f
stretch of, 334, 335f

Hand. See also Finger; Thumb; Wrist
amputation of, 595–598
deformity of, in rheumatoid arthritis, 161, 

162f, 164, 194
extensor tendon injury of, 139–143, 140f, 

141t, 142t, 143t
fl exor tendon injury of, 145–148, 146f, 147f, 

147t
ganglia of, 149–153, 150f, 151f
osteoarthritis of, 155–159, 156f, 157t, 158f
rheumatoid arthritis of, 161–164, 162f, 194, 

834–835, 836f, 837, 837f
in thoracic outlet syndrome, 498, 498f

Hatchet-shaped heel. See Foot (feet), bursitis of
Hauser neuroma, 465
Head injury. See Post-concussion disorders; 

Traumatic brain injury
Headache, 494t, 519–523, 520t

cervicogenic, 485–489, 486f, 488f, 489t
cluster, 519, 522
migraine, 519, 520t, 521–522
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Headache, 494t, 519–523, 520t (Continued)
occipital, 485–489, 486f, 488f, 489t
post-concussion, 802, 803, 805
tension-type, 520, 522

Heart disease
rehabilitation in, 615–620, 617t, 618t, 619t
in rheumatoid arthritis, 833–834

Heart rate, 828
Heat therapy

in cervical stenosis, 30
in costosternal syndrome, 547
in degenerative disease, 14
in osteoarthritis, 748
in piriformis syndrome, 288
in thoracic sprain/strain, 225–226
in trapezius strain, 38
in trochanteric bursitis, 305

Heberden nodes, 155, 156f, 272
Heel cord tendinitis, 407–409, 408f
Heel lift

in bursitis, 418
in knee arthritis, 349

Heel wedge, in chronic ankle instability, 435
Heloma, 441–443, 442f, 443f
Hematoma, quadriceps, 291–293
Hemodialysis, 647
Hemorrhage

cerebral. See Stroke
retroperitoneal, 780–781

Heparin
prophylactic, 660–661, 661t, 662
in stroke, 888

Herpes zoster, 561–563
Herpes zoster ophthalmicus, 561
Heterotopic ossifi cation, 610, 612, 691–695, 

692f, 872, 875
Heuter neuroma, 465
High-prow heel. See Foot (feet), bursitis of
Hip

bursitis of, 303–305, 304f
in cerebral palsy, 629–631, 630f
fl exion contracture of, 296, 296f
fl exion maneuver for, in low back strain/

sprain, 249t
fracture of, 754
osteoarthritis of, 271–275, 272f, 274f
replacement of, 295–301, 296f, 297f, 299t, 

300f, 301f
rheumatoid arthritis of, 835
snapping, 338

Hip pocket neuropathy, 287–289, 288f
Hippotherapy, in cerebral palsy, 632
HLA-B27, 607
Hoffmann response, in cervical spondylotic 

myelopathy, 4
Homocysteine, in atherosclerosis, 675
Horizonal fl exion test, 546, 546f
Hormone replacement therapy

dementia and, 670
in osteoporosis, 756

Horner syndrome, 895
Housemaid’s knee, 355
Humeroscapular fi brositis, 49–54, 50f, 50t, 51f
Humerus, fracture of, 46
Huntington chorea, 715
Hutchinson sign, 562
Hyaluronan, in osteoarthritis, 207, 350, 749
Hydrocephalus, 671
Hydrotherapy

in enteropathic arthritis, 688
in joint contracture, 653
in psoriatic arthritis, 811
in rheumatoid arthritis, 837

Hyperabduction test, in thoracic outlet 
syndrome, 499

Hyperkeratosis, of toe, 441–443, 442f, 443f

Hyperkinesia, 713–717
Hypertrophic scarring from burns. See Burns
Hypnosis, in myofascial pain syndrome, 533
Hypoalbuminemia, in chronic kidney disease, 

646
Hypokinesia, 713–717

I
Ibandronate, in osteoporosis, 755t, 757
Iceland disease, 635–640, 637t, 638t
Idiopathic torsion dystonia, 579–582, 582t
Ileovesical conduit, in neurogenic bladder, 742
Iliac gapping test, in low back strain/sprain, 249t
Iliohypogastric nerve, injury to, 780
Ilioinguinal nerve, injury to, 780
Iliotibial band, 337, 338f

stretch of, 341, 341f
Iliotibial band syndrome, 337–342, 339f, 340f, 

341f, 342f
Imaging. See Computed tomography (CT); 

Magnetic resonance imaging (MRI); 
Radiography; Ultrasonography

Imipramine, in occipital neuralgia, 488, 489t
Immobility, pressure ulcer and, 814
Immune globulin, intravenous, in post-

poliomyelitis syndrome, 796
Impingement sign, 64, 64f, 72
Impingement syndrome, 71–75, 72f, 73f, 74t
Infection

arthroplasty and, 102, 275, 352
lymphedema and, 701, 702f
in neurogenic bladder, 740–741, 742
varicella-zoster virus, 561–563

Infl ammatory bowel disease, 685, 686, 686f, 
688–689

Infl ammatory myopathy, 729, 730t
Infl iximab, in rheumatoid arthritis, 162
Inhalers, in pulmonary rehabilitation, 829
Injection. See Anesthetic injection 
Insomnia. See Sleep disturbance
Insuffi ciency fracture, 393–396, 394f, 395f
Insular sclerosis. See Multiple sclerosis
Intercostal nerve, 549, 550f

blockade of, 547, 553, 553f
Intercostal neuralgia, 549–554, 550f, 551t, 552t
Interferon, in multiple sclerosis, 723, 725
Intermetatarsal nerve entrapment, 461–462, 

465–468, 466f, 467f
Intermittent positive-pressure ventilation, 829
International Classifi cation of Functioning, 

Disability, and Health, 637–638
Interphalangeal joint

arthrodesis of, 163
corticosteroid injection of, 157, 158f
osteoarthritis of, 155, 156f, 158
rheumatoid arthritis of, 161–164, 162f

Intervertebral disc
aging-related changes in, 3, 229
cervical

aging-related changes in, 3
degeneration of, 3–6, 5f, 11–15
herniation of, 17–21, 18f, 18t, 19f
replacement of, 14

lumbar
degeneration of, 247–250, 248t, 249t
herniation of, 241–245, 242f, 242t, 244f

thoracic, herniation of, 219–221, 220f
Intestinal bypass, 686, 687, 688
Intracerebral hemorrhage. See Stroke, young adult
Intraosseous cyst. See Ganglion cyst
Intravenous immune globulin, in post-

poliomyelitis syndrome, 796
Inulin clearance, in chronic kidney disease, 645
Inversion stress test, in ankle sprain, 422, 423f
Iritis, in psoriatic arthritis, 809

Ischemia, cardiac, in cerebral palsy, 629
Iselin neuroma, 465

J
Jersey fi nger, 145–148, 146f, 147f, 147t
Joint disease. See Arthritis; Contracture; 

Osteoarthritis and specifi c joints
Joints of Luschka, 11, 12f
Jones procedure, 439
Jumper’s knee, 367–369, 369f

K
Karvonen formula, 828
Kennedy disease, 705–711, 706f, 707t, 708t
Keratoconjunctivitis sicca, 833
Keratoderma blennorrhagicum, 686
Kidney disease, chronic, 643–649, 644t, 646t
Kidney stones, 736
Kidney transplantation, 647–648, 649
Kienböck disease, 167–170, 168f, 168t, 169f, 

170f, 205, 206
Klumpke palsy, 773–777, 774f
Knee

amputation below/above, 599–603, 602t, 
603f

arthroscopic débridement of, 351, 351t
aspiration of

in anterior cruciate ligament tear, 311
in meniscal tears, 362, 363–364

Baker’s cyst of, 315–317, 316f, 833
bursitis of, 355–358, 356f, 357f
cartilage tears of, 359–364, 360f, 361f, 362f, 

363f
collateral ligament sprain of, 319–322, 320f, 

321f
housemaid’s, 355
jumper’s, 367–369, 369f
meniscal injury of, 359–364, 360f, 361f, 

362f, 363f
osteoarthritis of, 345–352, 346t, 347f, 348t, 

350f, 350t, 351t
collateral ligament sprain and, 322

osteophytes of, 347, 347f
osteotomy of, 351, 351t
posterior cruciate ligament sprain of, 381–385, 

382f, 382t, 383f, 384f
replacement of, 351–352
rheumatoid arthritis of, 835
total replacement of, 399–405, 402t, 404t
vicar’s, 355

Knee bend exercise, 373, 373f
Knobby heel. See Foot (feet), bursitis of
Kyphoplasty, in thoracic compression fracture, 

216
Kyphosis, 232t, 841–846, 842f

L
Labor, lumbosacral plexus injury with, 781
Lachman test

in anterior cruciate ligament tear, 308
in posterior cruciate ligament sprain, 381, 383f

Laminectomy
in cervical spondylotic myelopathy, 6
in lumbar spinal stenosis, 263
in thoracic radiculopathy, 221

Laminoplasty, in cervical spondylotic 
myelopathy, 6

Lamotrigine
in complex regional pain syndrome, 514t, 515
in trigeminal neuralgia, 494, 495t

Lasègue sign, 249t
Late effects of burn injury. See Burns
Lateral collateral ligament, 319, 320f

sprain of, 319–322, 320f, 321f
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Lateral femoral cutaneous nerve, 283, 284f
Lateral femoral cutaneous neuropathy, 283–286, 

284t
Laterolisthesis, 253
Latissimus dorsi, in post-thoracotomy pain, 

587
Ledderhose disease, 133
Lefl unomide, in rheumatoid arthritis, 162
Leptomeningitis, chronic, 565–569, 566f, 566t, 

567t
Levator ani syndrome, 272f, 273f, 571–574
Levator scapulae muscles, 84, 85f
Levetiracetam

in complex regional pain syndrome, 514t
in multiple sclerosis, 723

Levodopa, in Parkinson disease, 715, 762–763, 
763t, 765

Lewy bodies, dementia with, 665–671, 666t
Lhermitte sign

in cervical spondylotic myelopathy, 4
in cervical stenosis, 27, 28f
in multiple sclerosis, 719, 724

Lidocaine
in adhesive capsulitis, 52
in coccydynia, 573–574
in complex regional pain syndrome, 514t, 

515
in trigeminal neuralgia, 494–495, 495t

Lift-off test, 64, 64f, 72
Lipid-lowering therapy, 675
Liposuction, in lymphedema, 701
Little’s disease. See Cerebral palsy
Load and shift maneuver, 64
Local anesthetic injection. See Anesthetic 

injection
Long thoracic nerve, 83, 85f
Long thoracic nerve palsy, 83–88, 84t, 86f, 87t
Loose bodies

in ankle arthritis, 411
in knee arthritis, 347

Lou Gehrig’s disease, 705–711, 706f, 707f, 708t
Low back strain/sprain, 247–250, 248t, 249t. 

See also Back pain
Low-molecular-weight heparin, 660–661, 661t, 

662
Ludington test, 59, 60f
Lumbar plexus, 780f
Lumbar spine, 260f. See also Spinal cord injury, 

lumbosacral
degenerative disease of, 229–235, 230t, 231f, 

232t–233t, 233t
facet disease of, 237–239, 238f, 247–248
muscle stabilization program for, 234, 250
radiculopathy of, 241–245, 242f, 242t, 

244f
spondylolisthesis of, 253–257, 254f
spondylolysis of, 253–257, 254f, 255f, 256f
stenosis of, 259–264, 260t, 262t
strain/sprain of, 247–250, 248t, 249t

Lumbosacral plexopathy, 779–784, 780f, 781f
Lumbosacral spinal fi brosis, 565–569, 566f, 

566t, 567t
Lunate

Kienböck disease of, 167–170, 168f, 168t, 
169f, 170f, 205, 206

revascularization of, 169
Lung disease, rehabilitation for, 826t, 827t, 829t, 

832–830
Lung volume reduction surgery, 829
Lupus, 901–906, 902t, 903t, 905t–906t
Luschka, joints of, 11, 12f
Lymph node dissection, lymphedema 

and, 701
Lymphangioscintigraphy, 700
Lymphatic system, 697, 698f

manual drainage of, 700

Lymphedema, 697–702, 698f, 699f, 699t, 701f, 
702f

malignant, 701, 702
prevention of, 700

Lymphoscintigraphy, 700

M
Magnetic resonance imaging (MRI)

in Achilles tendinitis, 408
in acromioclavicular joint injury, 44
in adhesive capsulitis, 51, 52f
in ankle arthritis, 411
in ankle sprain, 423
in anterior cruciate ligament tear, 309
in arachnoiditis, 566, 566f
in Baker’s cyst, 316
in biceps tendon rupture, 60
in brachial plexopathy, 775
in cerebral palsy, 631
in cervical degenerative disease, 13, 14f
in cervical radiculopathy, 19
in cervical spondylotic myelopathy, 4, 5f
in cervical stenosis, 29, 29f
in chronic ankle instability, 434
in claw toe, 438
in complex regional pain syndrome, 513
in dementia, 668
in elbow arthritis, 98
in epicondylitis, 106
in foot and ankle ganglia, 445, 446f
in glenohumeral instability, 65
in hamstring strain, 333, 334f
in hip arthritis, 273
in hip disease, 297
in iliotibial band syndrome, 339
in intercostal neuralgia, 551–552
in jumper’s knee, 368
in Kienböck disease, 167–168, 168f, 

170f
in knee arthritis, 347
in low back strain/sprain, 250
in lumbar degenerative disease, 231
in lumbar radiculopathy, 243
in lumbar spinal stenosis, 262t
in lumbosacral plexopathy, 783
in lumbosacral spinal cord injury, 882
in meniscal injury, 362, 363f
in Morton neuroma, 466
in multiple sclerosis, 722
in myopathy, 731
in occipital neuralgia, 486
in olecranon bursitis, 117
in peroneal neuropathy, 377
in plantar fasciitis, 470
in polytrauma, 788
in posterior tibial dysfunction, 476
in quadriceps contusion, 292
in repetitive strain injury, 541
in rheumatoid arthritis, 162
in rotator cuff tear, 78–79, 78f
in rotator cuff tendinitis, 72
in scapular winging, 87
in scoliosis, 844
in shin splints, 390
of shoulder, 78–79, 78f
in shoulder arthritis, 92
in spondylolysis, 255
in stress fracture, 394–395, 395f
in stroke, 888
in thoracic outlet syndrome, 500
in thoracic spinal cord injury, 872
in thoracic sprain/strain, 225
in transverse myelitis, 908
in traumatic brain injury, 914
in trigeminal neuralgia, 492

Magnetic resonance imaging (MRI) (Continued)
in trigger fi nger, 179
in trochanteric bursitis, 304

Mallet fi nger, 140–141, 141t
Mallet toe, 457–459, 458f
Malnutrition

cerebral palsy and, 629
pressure ulcer and, 814, 816, 817
renal failure and, 644, 646

Mandible, osteomyelitis of, 493t
Manipulation, after knee replacement, 403
Mannerfelt syndrome, 161, 195
Manual Ability Classifi cation System, in cerebral 

palsy, 630–631
Manual therapy

in cervical facet arthropathy, 8
in cervical sprain/strain, 25
in degenerative disease, 14
in lumbar spinal stenosis, 262–263
in occipital neuralgia, 487
in sacroiliac joint dysfunction, 269
in thoracic sprain/strain, 226–227

March fracture, 393–396, 394f, 395f
Mastectomy

lymphedema after, 697, 699f
pain after, 589–590

McConnell taping, in patellofemoral syndrome, 
372

McMurray test, 361, 361f
MDRD (Modifi cation of Diet in Renal Disease) 

equation, 645–646, 646t
Medial collateral ligament, 319, 320f

bursitis of, 355
sprain of, 319–322, 320f, 321f

Medial tibial stress syndrome, 389–392, 
390f

Median nerve
blockade of, 112, 113f
compression of

in biceps tendon rupture, 61
in rheumatoid arthritis, 194

Median neuropathy
elbow, 109–113, 110f, 111f, 112f, 113f
wrist, 173–177, 174f, 175f, 176f

Memantine
in dementia, 669
in phantom limb pain, 577

Memory
after traumatic brain injury, 916
impairment of, 667, 667t. See also

Cognitive impairment/defi cit; 
Dementia

types of, 667
Meniscus (menisci)

anatomy of, 359, 360f
excision of, 364
injury to, 359–364, 360f, 361f, 362f, 

363f
Mental status examination, in chronic fatigue 

syndrome, 636
Meralgia paresthetica, 283–286, 284t
Metabolic myopathy, 729, 730t
Metacarpophalangeal joint

osteoarthritis of, 155
rheumatoid arthritis of, 163
splinting of, 180
stenosing tenosynovitis at, 179–182, 180f, 

181f
Metatarsal neuralgia, 461–462, 465–468, 466f, 

467f
Metatarsalgia, 461–463, 462f

bunion and, 427
claw tow and, 438
hammer toe and, 453

Methocarbamol, in lumbar degenerative disease, 
233t
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Methotrexate
in rheumatoid arthritis, 162
side effects of, 689t

Methylprednisolone
in cervical degenerative disease, 14
in cervical sprain/strain, 25
in thoracic radiculopathy, 221

Mexiletine
in complex regional pain syndrome, 514t
in occipital neuralgia, 488, 489t
in trigeminal neuralgia, 494, 495t

Microsurgery, in lymphedema, 701
Micturition refl ex, 733–734
Middle fi nger test, in epicondylitis, 105
Migraine, 519, 520t, 521–522

cervical, 485–489, 486f, 488f, 489t
Miner’s elbow, 115–118, 116f, 118f
Mitochondrial myopathy, 729
Mitrofanoff procedure, 742
Mixed dementia, 665–671, 666t
Moberg procedure, 450
Modifi ed Ashworth Scale, 849, 850t
Mononeuritis multiplex, 833
Morton neuroma, 461–462, 465–468, 466f, 467f
Motor function

in cervical radiculopathy, 18–19, 18t
in cervical spinal cord injury, 860, 862t
in cervical spondylotic myelopathy, 3–4
in complex regional pain syndrome, 512
in lumbosacral spinal cord injury, 880, 880t

Motor neuron, 793, 794f
Motor neuron disease, 705–711, 706f, 707t, 708t
Movement disorders, 713–717
Mucous cyst, hand-wrist, 149–153, 150f, 155, 158
Mulder test, 465–466, 466f
Multi-infarct dementia. See Dementia
Multiple sclerosis, 491, 719–725, 720t, 721t, 724t
Multiple system atrophy, 762
Muscle relaxants

in cervicogenic vertigo, 34
in lumbar degenerative disease, 233, 233t
in lumbar stenosis, 261
in movement disorders, 715
in multiple sclerosis, 723
in myofascial pain syndrome, 533
in spasticity, 850, 851t
in trapezius strain, 38, 39

Muscle transfer, in scapular winging, 88
Muscular dystrophy, 729, 730–731, 730t, 732
Myalgic encephalomyelitis. See Chronic fatigue 

syndrome
Myelitis, transverse, 907–911
Myelopathy, cervical, 27–31, 28f, 29f

spondylotic, 3–6, 5f
Myocardial infarction

vs. costosternal syndrome, 546
rehabilitation after, 615–620, 617t, 618t, 619t

Myoclonus, 714
Myofascial pain syndrome, 529–535. See also

Chronic pain syndrome
Myofasciitis, trapezius, 37–40, 39f
Myogelosis. See Myofascial pain syndrome
Myopathy, 729–732, 730t
Myositis, trapezius, 37–40, 39f
Myositis ossifi cans, 610, 691–695, 692f, 872, 875
Myotonia, 729–730, 730t

N
Nebulizers, in pulmonary rehabilitation, 829
Neck. See also Cervical spine

bending maneuver for, in low back strain/
sprain, 249t

range of motion of, in cervical spondylotic 
myelopathy, 4

Necrosis, avascular, of lunate, 167–170, 168f, 
168t, 169f, 170f

Nephrolithiasis, 232t
Nerve block

in adhesive capsulitis, 52
in complex regional pain syndrome, 

515–516
in headache, 522–523
in intercostal neuralgia, 553, 553f
in lower limb amputation, 601
in lumbosacral plexopathy, 784
in median neuropathy, 112, 113f
in multiple sclerosis, 724
in myofascial pain syndrome, 533
in occipital neuralgia, 486, 487, 488f
in phantom limb pain, 576
in post-mastectomy pain, 590
in post-thoracotomy pain, 587
in thoracic radiculopathy, 221
in trigeminal neuralgia, 495, 495f

Nerve conduction study
in brachial plexopathy, 775
in carpal tunnel syndrome, 175
in cerebral palsy, 631
in cervical spinal cord injury, 864
in femoral neuropathy, 278
in lumbosacral plexopathy, 783
in lumbosacral spinal cord injury, 882
in median neuropathy, 111
in myopathy, 731
in peripheral neuropathy, 769
in peroneal neuropathy, 377
in radial neuropathy, 122
in scapular winging, 87
in ulnar neuropathy, 126, 189–190

Nerve graft, in lumbosacral plexopathy, 784
Nerve roots

cervical, 17. See also Cervical spine, radicu-
lopathy of

lumbar, 241, 242f. See also Lumbar spine, 
radiculopathy of

Neuralgia. See also Pain
intercostal, 549–554, 550f, 551t, 552t
Morton (metatarsal, plantar), 461–462, 

465–468, 467f
occipital, 485–489, 486f, 488f, 489f
postherpetic, 561–563
trigeminal, 491–496, 493t–494t, 495f, 495t

Neurasthenia. See Chronic fatigue syndrome
Neuritis

occipital, 485–489, 486f, 488f, 489t
ulnar, 125–127, 126f
wallet, 287–289, 288f

Neuroalgodystrophy. See Complex regional 
pain syndrome

Neurocentral joints (joints of Luschka), 11, 12f
Neurocompression test, in cervical sprain/

strain, 24
Neurofi brillary tangles, 666
Neurogenic bladder, 733–742, 735t, 736f, 740t, 

741f, 866, 866t, 868
Neuroleptics, in movement disorders, 715
Neuroma

intercostal, 549–554, 550f, 551t, 552t
Morton (interdigital, intermetatarsal, meta-

tarsal), 461–462, 465–468, 466f, 467f
postamputation, 602

Neuromodulatory therapy, in sacroiliac joint 
dysfunction, 269

Neuromuscular junction, 794f
Neuropathy, peripheral. See Peripheral neurop-

athy
Neuropsychological testing, in traumatic brain 

injury, 914–915, 914t
Noble compression test, 338, 341f

Nodules
fl exor tendon, 179, 180f
in rheumatoid arthritis, 833, 834t, 835, 836, 

838
Noninvasive positive-pressure ventilation, in 

motor neuron disease, 711
Nonsteroidal anti-infl ammatory drugs (NSAIDs)

in acromioclavicular injury, 44, 46
in adhesive capsulitis, 51, 54
in ankle arthritis, 412
in ankylosing spondylitis, 607
in arachnoiditis, 567
in biceps tendinitis, 57, 58
in carpal tunnel syndrome, 175
in cervical degenerative disease, 13–14
in cervical facet arthropathy, 8
in cervical radiculopathy, 20, 21
in cervical sprain/strain, 25
in cervical stenosis, 30, 31
in cervicogenic vertigo, 35
in De Quervain tenosynovitis, 131
in femoral neuropathy, 279
in glenohumeral instability, 66, 67t
in hamstring strain, 333
in headache, 522
in heterotopic ossifi cation, 693, 694
in Kienböck disease, 169
in knee arthritis, 347, 348t
in lateral femoral cutaneous neuropathy, 285
in low back strain/sprain, 250
in lumbar radiculopathy, 243
in lumbar stenosis, 261, 263
in median neuropathy, 112, 113, 175
in myofascial pain syndrome, 533
in occipital neuralgia, 487, 488, 489t
in olecranon bursitis, 117, 118
in osteoarthritis, 748, 750
in plantar fasciitis, 471, 473
in post-thoracotomy pain, 586
in psoriatic arthritis, 810–811
in quadriceps contusion, 292
in repetitive strain injury, 542
in rheumatoid arthritis, 162, 836–837, 838t
in rotator cuff tendinitis, 73, 74t
in sacroiliac joint dysfunction, 269
side effects of, 689t
in stress fracture, 395, 396
in thoracic compression fracture, 214
in thoracic radiculopathy, 220–221
in Tietze syndrome, 559
in trapezius strain, 38, 39
in wrist osteoarthritis, 207

Noone-Milroy-Meige syndrome. See
Lymphedema

Normal pressure hydrocephalus, 671
Nortriptyline. See Tricyclic antidepressants
Numbness, in carpal tunnel syndrome, 173, 174f
Nutrition

in cerebral palsy, 629
in motor neuron disease, 710, 711
in renal failure, 644, 646

O
Ober test, 338, 340f
O’Brien test, 56, 64
Obturator nerve injury, 782
Occipital nerve, 485, 486f

blockade of, 487, 488f, 522–523
electrical stimulation of, 487–488, 488f

Occipital neuralgia, 485–489, 486f, 488f, 489t
Occupational overuse syndrome, 37, 539–543
Occupational therapy

after amputation, 601–602
after stroke, 896–897
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Occupational therapy (Continued)
after traumatic brain injury, 916
in cerebral palsy, 632
in cervical stenosis, 30
in dementia, 670
in lower limb amputation, 601–602
in osteoarthritis, 748
in Parkinson disease, 764
in peripheral neuropathy, 770

Odontalgia, atypical, 494t
OK sign, 110–111, 111f
Olecranon bursitis, 115–118, 116f, 

118f
septic, 115–117, 116f, 118, 118f

Olfaction, post-concussion, 803
Ondansetron, in cervicogenic vertigo, 34
Oophorectomy, in migraine headache, 

523
Opioids

after knee replacement, 401
in arachnoiditis, 567
in cancer-related pain, 623
in complex regional pain syndrome, 515
in intercostal neuralgia, 553
in low back strain/sprain, 250
in lumbar radiculopathy, 243–244
in lumbar stenosis, 261
in phantom limb pain, 597
in post-thoracotomy pain, 586
in sacroiliac joint dysfunction, 269

Optic neuritis, 563
Orbital apex syndrome, 563
Orphenadrine, in lumbar degenerative disease, 

233t
Orthosis

in ankle arthritis, 412
in ankle sprain, 424
in ankylosing spondylitis, 607
in bunion, 428
in claw toe, 438
in hammer toe, 454
in knee bursitis, 357
in lumbar degenerative disease, 233
in mallet toe, 458
in peroneal neuropathy, 378
in posterior tibial dysfunction, 477
in shin splints, 391
in spondylolysis, 256
in tarsal tunnel syndrome, 481
in thoracic compression fracture, 214, 215f, 

217
in transverse myelitis, 909

Osgood-Schlatter disease, 367
Ossifying fi bromyopathy/fi bromyositis, 610, 

612, 691–695, 692f, 872, 875
Osteoarthritis, 745–750, 747f. See also at specifi c 

joints
complications of, 750
diagnosis of, 746–747, 747t
functional limitations in, 746
pathogenesis of, 745, 747f
physical examination in, 746
primary, 745
risk factors for, 745, 746t
secondary, 745, 746t
symptoms of, 745–746
treatment of, 748–750

Osteodystrophy. See also Complex regional pain 
syndrome

in chronic kidney disease, 648
Osteoma, neurogenic. See Heterotopic 

ossifi cation
Osteomalacia, 233t, 753
Osteonecrosis, lunate, 167–170, 168f, 168t, 

169f, 170f, 205, 206

Osteophytes
of cervical spine, 17
of great toe, 449
of knee, 347, 347f

Osteoporosis, 233t, 753–758, 754t, 755t
post-traumatic. See Complex regional pain 

syndrome
spinal cord injury and, 872, 875

Osteotomy
in ankylosing spondylitis, 607
in knee arthritis, 351, 351t
in osteoarthritis, 749

Overuse syndromes, 37, 539–543
Oxcarbazepine

in complex regional pain syndrome, 514t
in trigeminal neuralgia, 494, 495t

Oximetry, transcutaneous, 674
Oxybutynin, 740, 740t
Oxycodone, in osteoarthritis, 347, 348t, 748
Oxygen therapy, 826–827

in cluster headache, 522
in motor neuron disease, 710–711

Oxygenation impairment, 823–826, 824t. See
also Pulmonary rehabilitation

in amyotrophic lateral sclerosis, 710–711
rehabilitation in, 827–829, 827t
treatment of, 826–827

Oxytrol, 740, 740t

P
Pace sign, 287, 531
Paget disease, 233t
Pain. See also Neuralgia

Achilles tendon, 407
after knee replacement, 401
after stroke, 894, 894t
ankle

in arthritis, 411
in sprain, 421

antecubital fossa, in biceps tendon 
rupture, 59

in arachnoiditis, 565
back. See Back pain
in brachial plexopathy, 773
burn-related, 611–612
buttock, 531
in cerebral palsy, 628
cervical. See Cervical spine, degenerative 

disease of; Cervical spine, facet 
arthropathy of; Cervical spine, 
spondylotic myelopathy of

in cervical dystonia, 580
in cervical spinal cord injury, 859–860, 861t, 

867, 867t, 868, 869
chest. See Chest pain
chest wall, 545, 549
chronic. See Chronic pain syndrome
in chronic fatigue syndrome, 636
coccygeal, 273f, 571–574, 572f
complex regional, 511–516, 513t, 514t
dental, 493t
elbow

in arthritis, 97
in epicondylitis, 105

in femoral neuropathy, 277
in fi bromyalgia, 525
foot

in bursitis, 416, 418
in plantar fasciitis, 469
in posterior tibial dysfunction, 475

forefoot, 461–463, 462f
bunion and, 427
claw toe and, 438
hammer toe and, 453

Pain (Continued)
groin, in hip arthritis, 271
hand

in carpal tunnel syndrome, 173
in rheumatoid arthritis, 161

head. See Headache
hip, in arthritis, 271–272
intractable. See Chronic pain syndrome
knee

anterior. See Patellofemoral syndrome
in anterior cruciate ligament tear, 307
in arthritis, 345–346
in collateral ligament sprain, 319
differential diagnosis of, 348
in iliotibial band syndrome, 338
in jumper’s knee, 367
in peroneal neuropathy, 375–376

in lateral femoral cutaneous neuropathy, 283
leg

in compartment syndrome, 325–326
in diabetes mellitus, 673–674
in hip disease, 295
in lumbosacral plexopathy, 782

in lumbar radiculopathy, 241, 242t
in lumbosacral spinal cord injury, 879–880, 

883, 884
in motor neuron disease, 710
in multiple sclerosis, 719, 721t, 724
myofascial, 529–535
myopathic, 730
neck

in cervical sprain/strain, 23–25, 24f
in degenerative disease, 11–12
in facet arthropathy, 7
prevalence of, 11
in radiculopathy, 17

in Parkinson disease, 761
patellar, 371–374, 372f, 373f, 374f
in peripheral neuropathy, 770
phantom limb, 575–577, 576t, 597, 599–600
in piriformis syndrome, 287
post-mastectomy, 589–590
in post-poliomyelitis syndrome, 794, 796, 

797
post-stroke, 894, 894t, 896, 898
post-thoracotomy, 585–587, 586t
pupal, 493t
in repetitive strain injury, 540
sacroiliac joint, 267–268
shoulder

in acromioclavicular joint injury, 41
in adhesive capsulitis, 49–50, 51t
in arthritis, 91
in biceps tendinitis, 55
in glenohumeral instability, 63
post-stroke, 894, 894t, 896
in rotator cuff tear, 77, 79
in rotator cuff tendinitis, 71
in scapular winging, 85–86

stump, 600
thigh, in hamstring strain, 332
thoracic, benign, 223–227
in thoracic compression fracture, 214
in thoracic outlet syndrome, 498, 499
in thoracic radiculopathy, 219, 220, 220f
in thoracic spinal cord injury, 872, 874
tibial, 389, 390f
toe, 437–438, 453, 465
in transverse myelitis, 910, 911
trapezius, 37–38
trochanteric, 303
in ulnar collateral ligament sprain, 184
wrist, in osteoarthritis, 203

Painful phantom sensation, 575–577, 576t
Pallidotomy, in Parkinson disease, 764
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Palmar oblique ligament, in trapeziometacarpal 
joint arthritis, 158

Palmaris brevis sign, 190
Pancoast syndrome, 775
Pancreatitis, 232t
Paraffi n bath

in joint contracture, 653
in wrist rheumatoid arthritis, 198

Paralysis agitans. See Parkinson disease
Paraosteoarthropathy, 610, 612, 691–695, 692f, 

872, 875
Paraplegia. See Spinal cord injury, lumbosacral; 

Spinal cord injury, thoracic
heterotopic ossifi cation in. See Heterotopic 

ossifi cation
Paraplegic disc, 245
Parasternal chondrodynia, 555–560, 556f, 

557f, 558f
Parathyroid hormone, in osteoporosis, 757
Parenting, after stroke, 897
Paresthesias

in carpal tunnel syndrome, 173, 174f
in cervical radiculopathy, 17
in multiple sclerosis, 719

Parkinson disease, 713–717, 761–765
treatment of, 715–717, 762–764, 763t
urinary dysfunction in, 734

Paroxetine, in complex regional pain syndrome, 
514t

Pars interarticularis, stress fracture in, 253. See
also Lumbar spine, spondylolysis of

Parsonage-Turner syndrome, 773–777, 774f
Patella

arthroplasty-related disorders of, 404
malalignment of, 349
Q angle of, 371, 372f
tracking of, 371, 372f

Patellar ligament, partial rupture of, 367–369, 
369f

Patellar tendinitis, 367–369, 369f
Patellectomy, 352
Patellofemoral syndrome, 371–374, 372f, 373f, 

374f
Patrick test (FABER test)

in hip arthritis, 272, 272f
in low back strain/sprain, 249t
in sacroiliac joint dysfunction, 268

Paxinosis sign, 42, 43f
Pellegrini-Stieda disease, 322
Pelvic examination, in neurogenic bladder, 735
Pelvic infl ammatory disease, 232t
Pelvic rock maneuver, 249t
Pelvic tension myalgia, 272f, 273f, 571–574
Pelvic tumor, 781
Pendulum exercise, in adhesive capsulitis, 53f
Penn Spasm Frequency Scale, 849, 850t
Perceived exertion, 618, 619f
Percutaneous endoscopic gastrostomy, in motor 

neuron disease, 711
Percutaneous transluminal angioplasty, in 

diabetes mellitus, 675–676
Pergolide, in Parkinson disease, 715, 763, 763t
Periarticular ossifi cation, 610, 612, 691–695, 

692f, 872, 875
Pericardiocentesis, in cancer, 624
Perineural fi broma, 461–462, 465–468, 466f, 

467f
Periodontitis, 493t
Periostitis, tibial, 389–392, 390f
Peripheral neuropathy, 767–771

axonal, 767–768, 768t, 770
in burns, 612
complications of, 771
defi nition of, 767
demyelinating, 768, 768t, 770

Peripheral neuropathy, 767–771 (Continued)
diagnosis of, 769, 769f, 770t
femoral, 277–280, 278t, 280f
functional limitations in, 768–769
lateral femoral cutaneous, 283–286, 283f, 

284t, 285f
median, 109–113, 122f, 123f, 173–177, 174f, 

175f, 176f
peroneal, 375–379, 376f, 377f
physical examination in, 767–768, 768t
radial, 121–124, 122f, 123t
in rheumatoid arthritis, 833, 837–838, 837f
symptoms of, 767
tibial, 479–482, 480f, 481f
treatment of, 769–771
ulnar, 125–127, 126f, 187–192, 188f, 189f, 

190f, 191f
Peritendinitis, de Quervain, 129–131, 130f
Peritendinosis, Achilles, 407–409, 408f
Peroneal neuropathy, 375–379, 376f, 377f

knee replacement and, 404
Pes planus, 475–477, 476f
Peyronie disease, 133
Phalen test, 174, 175f, 195
Phantom limb pain, 575–577, 576t, 597, 

599–600, 602–603
Phantom limb sensation, 599, 601
Phenol injection

in cerebral palsy, 633
in spasticity, 850, 851

Phenoxybenzamine, in complex regional pain 
syndrome, 515

Phentolamine, in complex regional pain 
syndrome, 515

Phenytoin
in complex regional pain syndrome, 514t, 515
in trigeminal neuralgia, 494, 495t

Phlebothrombosis. See Deep venous thrombosis
Photochemotherapy, in psoriatic arthritis, 811
Piriformis muscle, 287, 288f
Piriformis syndrome, 232t, 287–289, 288f, 530, 

531, 534
Pitcher’s elbow, 105–107, 107f
Pivot shift test, 308, 308f
Plantar fasciitis, 469–473, 470f, 472f
Pleurisy, 834
Pleurocentesis, in cancer, 624
Plexopathy

brachial, 773–777, 774f
lumbosacral, 779–784, 780f, 781f
neoplastic, 781–782

Pneumatic compression
in deep venous thrombosis prophylaxis, 660
in lymphedema, 700–701

Poliomyelitis, 793–798, 794f, 794t
Polymyalgia rheumatica, 232t
Polysomnography, in post-concussion disorders, 

804
Polytrauma, 787–791, 791t
Popliteal cyst, 315–317, 316f
Post-concussion disorders, 801–806, 802t
Post-mastectomy pain syndrome, 589–590
Post-poliomyelitis syndrome, 793–798, 794f, 

794t
Post-thoracotomy pain syndrome, 585–587, 586t
Post-thrombotic syndrome, 662, 662f
Post-traumatic dystrophy, 511–516, 513t, 514t
Post-traumatic stress disorder, 803
Post-viral fatigue syndrome, 635–640, 637t, 638t
Posterior cruciate ligament, 381, 382f

sprain of, 381–385, 382f, 382t, 383f, 384f
Posterior drawer test, 381, 383f
Posterior element disorder, 7–9, 8f
Posterior interosseous nerve dysfunction, in 

wrist rheumatoid arthritis, 195

Posterior sag test, 381–382, 384f
Posterior tibial dysfunction, 475–477, 476f
Postherpetic neuralgia, 493t, 561–563

vs. intercostal neuralgia, 551
Postmastectomy lymphedema. See

Lymphedema 
Postural roundback (kyphosis), 232t, 841–846, 

842f
Posture

examination of, 224
poor, 223–224
in thoracic sprain/strain, 226

Pramipexole, in Parkinson disease, 763, 763t
Prednisone. See Corticosteroids
Pregabalin

in arachnoiditis, 567, 567t
in complex regional pain syndrome, 514t
in fi bromyalgia, 526

Pregnancy
deep venous thrombosis during, 661
ectopic, 232t
thoracic spinal cord injury and, 875

Pressure, compartment, 327–328, 327f
Pressure ulcers (sores), 813–819, 814t, 815f, 817f

in cerebral palsy, 630
in cervical spinal cord injury, 866, 867
in lumbosacral spinal cord injury, 883, 884
in thoracic spinal cord injury, 872–873, 876

PRICE (protect, reset, ice, compression,
elevation)

in ankle sprain, 424
in collateral ligament sprain, 321
in hamstring strain, 333
in knee arthritis, 347
in plantar fasciitis, 471
in posterior cruciate ligament sprain, 382
in stress fracture, 395

Primary lateral sclerosis, 705–711, 706f, 707t, 708t
Primary lymphedema. See Lymphedema
Proctalgia fugax, 272f, 273f, 571–574
Progressive bulbar palsy, 705–711, 706f, 707t, 708t
Progressive muscular atrophy, 705–711, 706f, 

707t, 708t
Progressive supranuclear palsy, 762
Prolotherapy

in coccydynia, 574
in sacroiliac joint dysfunction, 269

Pronator teres syndrome, 109–113, 110f, 112f, 
113f

Propoxyphene, in thoracic compression fracture, 
214

Proprioceptive neuromuscular facilitation, in 
quadriceps contusion, 293

Proprioceptive training
in ankle sprain, 424
in rotator cuff tear, 80
in rotator cuff tendinitis, 74

Prostatitis, 232t
Prosthesis

in lower limb amputation, 601-602, 602t, 603
in upper limb amputation, 597

Proteinuria, in chronic kidney disease, 646
Prow beak deformity. See Foot (feet), bursitis of
Proximal row carpectomy, 207–208, 208f, 209f, 

210
Pruritus, burn-related, 612
Pseudobulbar affect

after stroke, 894
in motor neuron disease, 709

Pseudoclaudication, 260. See also Lumbar 
spine, stenosis of

Pseudoneuroma (Morton neuroma), 461–462, 
465–468, 466f, 467f

Psoas syndrome, 782
Psoriatic arthritis, 809–812, 810t, 812t
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Psychological counseling, in post-concussion 
disorders, 805

Psychological disorders
in cerebral palsy, 629, 630
in chronic fatigue syndrome, 636

Psychological testing
in polytrauma, 789
in post-concussion disorders, 804

Psychological therapy
in burns, 612, 613
in chronic pain syndrome, 507
in myofascial pain syndrome, 532–533
in post-concussion disorders, 805
in Tietze syndrome, 559

Psychosocial problems, spinal cord injury and, 
869, 872

Psychostimulants, in post-concussion disorders, 
805

Puborectalis syndrome, 272f, 273f, 571–574
Pudendal nerve, 733
Pulled upper back, 223–227
Pulmonary embolism. See also Deep venous 

thrombosis
knee replacement and, 404
spinal cord injury and, 872

Pulmonary hygiene, 826, 828–829, 829t, 830
Pulmonary rehabilitation, 823–830, 826t, 827t, 

829t
diagnostic studies for, 825–826
disease complications in, 830
for oxygenation impairment, 826–827, 827t
for ventilatory impairment, 827

Pulpitis, 493t
Pump bump, 415–420, 416t, 417t, 418t, 419t

Q
Q angle, 371, 372f
Quadriceps contusion, 291–293
Quadriceps tendinitis, 367–369, 369f, 387–388
Quadriceps testing, 277
Quadriplegia. See Spinal cord injury, cervical

R
Radial deviation, in rheumatoid arthritis, 194
Radial nerve, 121, 122f

decompression of, 124
lesions of, 105, 121–124, 122f, 123t

Radial pulse, in thoracic outlet syndrome, 499
Radial shortening, in Kienböck disease, 169
Radial tunnel syndrome, 121–124, 122f, 123t
Radiation therapy, in heterotopic ossifi cation, 

694
Radiculopathy

cervical, 17–21, 18f, 18t, 19f
lumbar, 241–245, 242f, 242t, 244f
thoracic, 219–221, 220f

Radiculoplexus neuropathy, lumbosacral, 
779–784, 780f, 781f

Radiography. See also Computed tomography 
(CT); Magnetic resonance imaging (MRI); 
Ultrasonography

in acromioclavicular joint injury, 44, 44f
in adhesive capsulitis, 51, 51f
in ankle arthritis, 411–412, 412f
in ankle sprain, 423
in anterior cruciate ligament tear, 309
in Baker’s cyst, 315, 316
in biceps tendinitis, 56–57
in biceps tendon rupture, 60
in brachial plexopathy, 775
in bunion, 428, 429f
in carpal tunnel syndrome, 173, 174f
in cerebral palsy, 631

Radiography (Continued)
in cervical degenerative disease, 13
in cervical facet arthropathy, 7–8, 8f
in cervical radiculopathy, 19–20
in cervical spinal cord injury, 864–865
in cervical spondylotic myelopathy, 4
in cervical sprain/strain, 24, 24f
in cervical stenosis, 28–29, 29f
in chronic ankle instability, 434, 434f
in coccydynia, 572f, 573
in collateral ligament sprain, 321
in complex regional pain syndrome, 513
in costosternal syndrome, 546
in diffuse idiopathic skeletal hyperostosis, 229
in elbow arthritis, 98, 98t, 99f, 100f
in enteropathic arthritis, 687, 687f
in extensor tendon injury, 139
in foot and ankle bursitis, 417–418, 418t
in foot and ankle ganglia, 445
in ganglion cyst, 151
in glenohumeral instability, 65
in hallux rigidus, 449–450, 450f, 451f
in hamstring strain, 333
in hand osteoarthritis, 156
in heterotopic ossifi cation, 692–693, 692f
in hip arthritis, 272–273, 273f
in hip disease, 296–297, 297f
in iliotibial band syndrome, 339
in jumper’s knee, 368
in Kienböck disease, 167, 168f, 169f
in knee arthritis, 346–347
in knee bursitis, 356
in kyphosis, 843–844
in low back strain/sprain, 248, 250
in lumbar degenerative disease, 231, 231f
in lumbar facet arthropathy, 238, 238f
in lumbar radiculopathy, 243, 244f
in lumbar spinal stenosis, 262t
in lumbosacral spinal cord injury, 882
in meniscal injury, 362
in Morton neuroma, 467
in occipital neuralgia, 486
in olecranon bursitis, 116, 116f
in osteoarthritis, 746–747
in patellofemoral syndrome, 372
in post-concussion disorders, 804
in post-poliomyelitis syndrome, 796
in posterior tibial dysfunction, 476, 476f
in psoriatic arthritis, 810
in quadriceps contusion, 292
in repetitive strain injury, 541
in rheumatoid arthritis, 162, 834t, 836, 

836f
in rotator cuff tear, 78, 78f
in rotator cuff tendinitis, 72
in sacroiliac joint dysfunction, 269
in scapular winging, 87
in scoliosis, 843–844, 844f
in shin splints, 390
in shoulder arthritis, 92, 92f
in spondylolysis, 255, 255f
in systemic lupus erythematosus, 902
in thoracic compression fracture, 213, 

214f
in thoracic outlet syndrome, 500
in thoracic sprain/strain, 225
in Tietze syndrome, 556
in trochanteric bursitis, 304
in ulnar collateral ligament sprain, 184
in ulnar neuropathy, 126, 188
in wrist osteoarthritis, 204f, 205f, 206
in wrist rheumatoid arthritis, 196–198, 196f, 

196t, 197f
Raloxifene, in osteoporosis, 755t, 756
Ramisectomy, in cervical dystonia, 582

Ramsay Hunt syndrome, 561
Range of motion

ankle
in arthritis, 411
in sprain, 422

cervical spine, 224
in radiculopathy, 18
in spondylotic myelopathy, 4
in sprain/strain, 23
in trapezius strain, 38

elbow, 98
hamstring, 333, 333f
hip, 296

in arthritis, 272
in lower limb amputation, 600

knee
after replacement surgery, 404–405, 404t
in cerebral palsy, 630
in lower limb amputation, 600
in meniscal injury, 363
in quadriceps contusion, 291, 293

shoulder
in acromioclavicular injury, 41–42
in adhesive capsulitis, 49, 52
in arthritis, 91
in biceps tendinitis, 55–56
in glenohumeral instability, 64
restoration of, 74
in rotator cuff tear, 79–80
in rotator cuff tendinitis, 71–72, 74

thoracic spine, 219, 224
Rasagiline, in Parkinson disease, 763, 763t
Rash

in rheumatoid arthritis, 833
in systemic lupus erythematosus, 901, 902t, 

903t
Reactive arthritis, 685–689, 686f, 687f, 689t
Rectum

bleeding from, 880
examination of, 735, 880–881

Refl ex(es)
in cerebral palsy, 630
in cervical degenerative disease, 12, 12t
in cervical radiculopathy, 18t, 19
micturition, 733–734
in multiple sclerosis, 721
in neurogenic bladder, 735–736
in thoracic sprain/strain, 224

Refl ex myoclonus, 714
Refl ex sympathetic dystrophy, 511–516, 513t, 

514t
Reiter syndrome, 685–689, 686f, 687f, 689t
Relaxation therapy, in cardiac rehabilitation, 

617
Relocation test, 64

in rotator cuff tendinitis, 72, 73f
Renal calculi, 736
Renal failure, chronic, 643–649, 644t, 646t
Renal transplantation, 647–648, 649
Repetitive strain injury, 37, 539–543

trapezius, 37–40, 39f
Residual limb stump, 599–603, 602t, 603f
Respiration. See also Pulmonary rehabilitation

in post-poliomyelitis syndrome, 794–795, 
796, 797

Respiratory failure
in motor neuron disease, 710–711
in multiple sclerosis, 725

Retinacular cyst, 149–153, 150f
Retrocalcaneal bursitis, 415–420, 416t, 417t, 

418t, 419t
Retrolisthesis, 253
Revascularization procedure, in Kienböck dis-

ease, 169
Reverse pivot shift test, 382, 384f
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Reverse straight-leg raising, 249t
Rheumatism, nonarticular. See Trapezius 

muscle, strain of
Rheumatoid arthritis, 833–839, 834t, 835t, 

836f, 838t
defi nition of, 161, 833, 834t
of hand, 161–164, 162f, 194, 834–835, 

836f, 837, 837f
nodules in, 833, 834t, 835, 836, 838
pathophysiology of, 193–194
treatment of, 836–837
of wrist, 203–211, 204f, 205f, 206f, 207f, 

210f, 834–835, 836f
Rheumatoid factor, 834t
Rhizotomy

in cerebral palsy, 633
in occipital neuralgia, 487

Rib(s)
cervical, 497
fi rst, 497–498, 501, 501f
in thoracic sprain/strain, 225

Rigid dressing, in lower limb amputation, 601, 
602t, 603f

Riluzole, in amyotrophic lateral sclerosis, 707
Risedronate, in osteoporosis, 755t, 757
Rituximab, in rheumatoid arthritis, 162
Rivastigmine, in dementia, 669
Romberg test, in cervical spondylotic 

myelopathy, 4
Roos test, in thoracic outlet syndrome, 499
Ropinirole, in Parkinson disease, 763, 763t
Rotator cuff

functions of, 77
impingement test of, 64, 64f
muscles of, 78f
tear of, 77–81, 78f
tendinitis of, 71–75, 72f, 73f, 74t

Roundback, 232t, 841–846, 842f
Royal Free disease, 635–640, 637t, 638t
Rucksack palsy, 83–88, 84t, 86f, 87t
Running program, in plantar fasciitis, 471–472

S
Sacral plexus, 781f
Sacral sulcus pressure test, 268
Sacroiliac joint, 267

compression maneuver for, in low back 
strain/sprain, 249t

dysfunction of, 267–270
Sacrum

fracture of, 779–780
pressure ulcers of, 883, 884

Saline injection, in adhesive capsulitis, 52
Saphenous nerve, 277, 279f
Saturday night palsy, 121–124, 122f, 123t
Sauvé-Kapandji procedure, 200
Scalene muscles, activation of, 501, 501f
Scalenotomy, in thoracic outlet syndrome, 502
Scalenus auticus syndrome. See Thoracic outlet 

syndrome
Scaphoid shift test, 205
Scapula, 83

stabilization of, in rotator cuff tear, 80
winging of, 83–88, 84t, 86f, 87t

Scapular winging, 83–88, 84t, 86f, 87t
Scapulothoracic fusion, 88
Scar

in burns, 611, 612
in post-thoracotomy pain, 587

Scarf test, 56
Schober maneuver, 686, 686f
Schober test, 605
Sciatic nerve, 287, 288f
Sciatica, 241–245, 242f, 242t, 244f

Sclerosis, disseminated. See Multiple sclerosis
Scoliosis, 232t–233t, 841–846, 842f, 845f, 846f
Secondary lymphedema. See Lymphedema
Second impact syndrome, 806
Seizures

after stroke, 890
after traumatic brain injury, 916

Selective estrogen receptor modulators, in 
osteoporosis, 755t, 756

Selective serotonin-norepinephrine reuptake 
inhibitors, in complex regional pain 
syndrome, 514t

Selective serotonin reuptake inhibitors, in 
complex regional pain syndrome, 514t

Selegiline, in Parkinson disease, 715, 763, 763t
Semimembranosus bursitis, 355
Senile dementia. See Dementia
Sensorineural hearing loss, 806
Sensory discrimination training, in phantom 

limb pain, 577
Sensory function

in arthritic wrist, 206
in cervical degenerative disease, 12, 12t
in cervical radiculopathy, 18–19, 18t
in cervical spinal cord injury, 860, 862t
in cervical spondylotic myelopathy, 3–4
in complex regional pain syndrome, 512
in diabetic foot, 674
in lateral femoral cutaneous neuropathy, 283
in lumbar radiculopathy, 242, 242t
in lumbosacral spinal cord injury, 880, 

880t
in multiple sclerosis, 721
in peroneal neuropathy, 376, 376f, 377f
in thoracic sprain/strain, 224
in ulnar neuropathy, 188

Sentinel node biopsy, 701
Sepsis, in olecranon bursitis, 115–117, 116f, 

118, 118f
Seronegative spondyloarthropathy, 605–607, 

606f. See also Enteropathic arthritis
Serratus anterior, 83

in post-thoracotomy pain, 587
Sexual activity, in cardiac rehabilitation, 617
Sexual dysfunction

after stroke, 895, 896, 899
in multiple sclerosis, 721, 723
in Parkinson disease, 762

Shaker exercise, in dysphagia, 681, 682f
Shaking palsy. See Parkinson disease
Shin splints, 389–392, 390f
Shingles, 561–563
Shoe(s)

in ankle sprain, 424
in bunion, 428
in bunionette, 430
in claw toe, 438
in enteropathic arthritis, 688
in foot and ankle bursitis, 418
in foot and ankle ganglia, 446
in hallux rigidus, 450
in hammer toe, 454, 455
in knee arthritis, 349–350
in knee bursitis, 357
in mallet toe, 457–458
in plantar fasciitis, 472
in psoriatic arthritis, 811
in shin splint, 391
in stress fracture, 396

Shoe wedge, in knee arthritis, 349
Shoulder

adhesive capsulitis of, 49–54, 50f, 50t, 51f, 710
anatomy of, 50f
dislocation/instability of, 63–68, 64f, 65f, 

66f, 67t, 68f

Shoulder (Continued)
injection of, in arthritis, 93–94, 93f, 94f
magnetic resonance imaging of, 78–79, 78f
movement of, 55
osteoarthritis of, 91–95, 92f, 93f, 94f
pain in

in arthritis, 91
in biceps tendinitis, 55
in glenohumeral instability, 63
myofascial, 37–40, 39f
in rotator cuff tear, 77, 79
in scapular winging, 85–86

post-mastectomy dysfunction of, 590
post-thoracotomy dysfunction of, 587
range of motion of

in arthritis, 91
in biceps tendinitis, 55–56
in glenohumeral instability, 64
in rotator cuff tear, 79–80

rheumatoid arthritis of, 835
separated, 41–46, 42f, 42t, 43f, 44f, 45f, 46f
stretching of, in biceps tendinitis, 57
subluxation of, 63–68, 64f, 65f, 66f, 67t, 68f

after stroke, 890
tear of, 77–81, 78f

Shoulder abduction release, in cervical degener-
ative disease, 12, 14

Shoulder-hand syndrome. See Complex re-
gional pain syndrome

Shunt, in normal pressure hydrocephalus, 671
Sialorrhea, in motor neuron disease, 709, 711
SIGECAPS screen, in cerebral palsy, 630
Silicone sleeve, in corns, 442, 442f
Single photon emission computed tomography

in cervical facet arthropathy, 8
in complex regional pain syndrome, 513
in spondylolysis, 256

Sitting root test, in low back strain/sprain, 249t
Skier’s thumb, 183–185, 184f
Skin

anatomy of, 609, 610f
in lower limb amputation, 600, 603
pressure ulcers (sores) of, 813–819, 814t, 

815f, 817f
in cerebral palsy, 630
in cervical spinal cord injury, 866
in lumbosacral spinal cord injury, 883, 884
in thoracic spinal cord injury, 872–873, 876

Skin graft
in burns, 612
in Dupuytren contracture, 136
in pressure ulcers, 819

SLAC (scapholunate advanced collapse) wrist, 
203, 204f, 205f, 206

SLE. See Systemic lupus erythematosus
Sleep disturbance

in brain injury, 917
in cerebral palsy, 629
in chronic fatigue syndrome, 637
in chronic pain syndrome, 506
in repetitive strain injury, 540

Sling
in acromioclavicular joint injury, 44
in elbow arthritis, 99
in glenohumeral instability, 66
in scapular winging, 87

Slipped vertebra. See Lumbar spine, spondyloly-
sis; Lumbar spine, spondylolisthesis

Smoking
cessation of

in cardiac rehabilitation, 617
in osteoporosis, 756

diabetes and, 675
SNAC (scaphoid nonunion advanced collapse) 

wrist, 203, 204f, 206
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Snapping hip, 338. See also Iliotibial band 
syndrome

Solifenacin, 740, 740t
Somatosensory evoked potentials

in lateral femoral cutaneous neuropathy, 284
in thoracic outlet syndrome, 500

Spasmodic torticollis, 579–582, 582t
Spasticity, 849–851, 850t, 851t

after stroke, 894–895, 896, 896t, 898
after traumatic brain injury, 916
in cervical spinal cord injury, 866, 867–868, 

867t
in lumbosacral spinal cord injury, 883
in motor neuron disease, 709
in multiple sclerosis, 719, 721, 722, 723, 725
in myofascial pain syndrome, 530
in thoracic spinal cord injury, 875, 877
in transverse myelitis, 910

Speech/language disorders, 853–857, 854t
after traumatic brain injury, 916
in amyotrophic lateral sclerosis, 706
in Parkinson disease, 764
in stroke, 889

Speed test, 56, 56f, 59
Sphincterotomy, transurethral, 741–742
Spinal accessory nerve, 83, 85f
Spinal accessory nerve palsy, 83–88, 84t, 86f, 87t
Spinal adhesive arachnoiditis, 565–569, 566f, 

566t, 567t
Spinal canal, diameter of, 259–260
Spinal cord injury

cervical, 859–869
abdominal examination in, 860
autonomic dysrefl exia in, 860, 862t, 

865–866, 868
bladder management in, 865–866, 866t, 

868
bowel management in, 866–867, 868
C5, 863–864, 863f
C6, 863f, 864
C1-4, 862–863, 863f
C7-8, 863f, 864
cardiac examination in, 860, 862t, 866
complications of, 868–869, 869t
compressive, 3, 11, 13, 13f, 27
extremity examination in, 860
fracture in, 867
functional limitations in, 862–864, 863t
heterotopic ossifi cation in, 867
motor function in, 868
neurologic examination in, 860, 862f, 862t
pain in, 859–860, 861t, 867, 867t, 868
pharmacokinetics in, 869, 869t
physical examination in, 860, 862, 862t, 

863f
pressure ulcers in, 867
psychosocial factors in, 867
respiratory examination in, 860
skin examination in, 862, 866
spasticity in, 866, 867, 867t
symptoms of, 859–860, 860t, 861t
treatment of, 865–868, 866t, 867t

lumbosacral, 879–884
bladder dysfunction in, 882, 883, 884
bowel dysfunction in, 882, 883, 884
complications of, 884
functional limitations in, 881–882, 881t
neurologic examination in, 880–881, 880t
pain in, 883, 884
physical examination in, 880–881, 880t
pressure ulcers in, 883, 884
rectal examination in, 880–881
sexual dysfunction in, 882
skeletal level of, 879
skin examination in, 881

Spinal cord injury (Continued)
spasticity in, 883
symptoms of, 879–880
treatment of, 882–884

thoracic, 871–877
autonomic dysrefl exia in, 872, 873, 875
bladder management in, 874, 876
bowel management in, 874, 874t, 876
complications of, 871–872, 876–877
death from, 876
deep venous thrombosis in, 875
defi nition of, 871–872, 872t
depression in, 872, 874
drug effects in, 876
erectile dysfunction in, 876
functional limitations in, 873
heterotopic ossifi cation in, 875
osteoporosis in, 875
pain in, 872, 874
physical examination in, 873
pressure ulcers in, 872–873, 876
sexual function in, 874–875, 876
spasticity in, 875, 877
symptoms of, 872–873
treatment of, 873–876, 874t

Spinal cord stimulation
in arachnoiditis, 568, 568f, 569
in intercostal neuralgia, 553

Spinal manipulation, in occipital neuralgia, 
487

Spinal muscular atrophy, 705–711, 706f, 707t, 
708t

Spine. See also Cervical spine; Lumbar spine; 
Thoracic spine

cord injury to. See Spinal cord injury
deformity of. See Kyphosis; Scoliosis
neoplasia of, 233t, 248

Spinobulbar muscular atrophy, 705–711, 706f, 
707t, 708t

Spirometry, for pulmonary rehabilitation, 
825–826

SPLATT procedure, 898
Splint

in Achilles tendinitis, 409
after stroke, 890
in anterior interosseous syndrome, 112, 112f
in biceps tendon rupture, 61
in carpal tunnel syndrome, 175
in de Quervain tenosynovitis, 131
in Dupuytren contracture, 135
in elbow arthritis, 99
in enteropathic arthritis, 688
in epicondylitis, 106
in extensor tendon injury, 140–141, 141t, 

142–143, 142f, 142t, 143t
in fl exor tendon injury, 147, 147f, 147t
in ganglion cyst, 152
in hand osteoarthritis, 157
in joint contracture, 653, 655
in Kienböck disease, 169
in median neuropathy, 175
in peroneal neuropathy, 378
in plantar fasciitis, 472
in pronator teres syndrome, 112, 112f
in psoriatic arthritis, 811
in radial neuropathy, 123
in rheumatoid arthritis, 837
in spasticity, 850
in trigger fi nger, 180
in ulnar neuropathy, 190
in wrist osteoarthritis, 207
in wrist rheumatoid arthritis, 198

Spondyloarthropathy, seronegative, 232t, 
605–607, 606f

Spondylolisthesis, lumbar, 253–257, 254f

Spondylolysis, lumbar, 253–257, 254f, 255f, 
256f

Spondylosis, cervical, 3–6, 5f
Spondylosis deformans, 229
Sprain

ankle, 421–425, 422f, 423f
cervical, 23–25, 24f
lateral collateral ligament, 319–322, 320f, 

321f
low back, 247–250, 248t, 249t
medial collateral ligament, 319–322, 320f, 

321f
posterior cruciate ligament, 381–385, 382f, 

382t, 383f, 384f
thoracic, 223–227
ulnar collateral ligament, 183–185, 184f, 

185f
washerwoman’s, 129–131, 130f

Spurling maneuver, 249t, 486
Spurling test

in cervical degenerative disease, 12
in cervical radiculopathy, 19, 19f
in cervical stenosis, 27

Squeeze test, in ankle sprain, 422, 423f
Standing cable column exercise, 373, 374f
Stener lesion, 183–185
Stenosing tenosynovitis

of fi nger, 179–182, 180f, 181f
of wrist, 129–131, 130f

Stenosis
cervical, 27–31, 28f, 29f
lumbar, 259–264, 260t, 262t

Stenting, carotid, 890
Sternocleidomastoid muscle injection, 34, 

34f
Stevens-Johnson syndrome, 771
Stewart-Treves syndrome, 699
Straight-leg raising, 242, 249t

in chronic pain syndrome, 506
Strain

bicipital, 59–61, 60f
cervical, 23–25, 24f
hamstring, 331–334, 332f, 333f, 334f
low back, 247–250, 248t, 249t
quadriceps, 291–293
repetitive, 539–543
thoracic, 223–227
trapezius, 37–40, 39f

Strength testing
in cerebral palsy, 630
in glenohumeral instability, 64, 64f

Strengthening exercise. See Exercise(s)
Stress fracture, 393–396, 394f, 395f
Stress response, in myofascial pain syndrome, 

533
Stretching exercise. See Exercise(s)
Stroke, 887–891, 889t

young adult, 893–899, 894t, 896t
Strontium ranelate, in osteoporosis, 757
Student’s elbow, 115–118, 116f, 118f
Stump pain, 600
Stump shrinker, 601, 602t
Subarachnoid hemorrhage. See Stroke, young 

adult
Subscapularis, lift-off test of, 64, 64f, 72
Substance P, in fi bromyalgia, 530
Sudeck atrophy (Sudeck syndrome), 511–516, 

513t, 514t
Sulcus sign, in glenohumeral instability, 64
Sulfasalazine, 689t
SUNCT, 494t
Supinator syndrome, 121–124, 122f, 123t. See

Radial nerve, lesions of
Supraspinatus muscle tests, 72
Sural nerve biopsy, 769
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Swallowing
disorders of, 679–683, 680t, 681t, 682t

in cerebral palsy, 629
in motor neuron disease, 710
in multiple sclerosis, 721, 724
in post-poliomyelitis syndrome, 795, 796, 

797
in stroke, 889

videofl uorographic study of, 680, 681f
Swan-neck deformity, 161, 162f, 164, 834, 834f
Sweet criteria, 491
Swimming, in thoracic sprain/strain, 226
Syme’s amputation, 599–603, 602t
Sympathetic nerve block

in complex regional pain syndrome, 515–516
in lumbosacral plexopathy, 784
in post-amputation phantom pain, 602

Sympathetically maintained pain. See Complex 
regional pain syndrome

Synovectomy
in elbow arthritis, 102
metacarpophalangeal, 163
in wrist arthritis, 199

Synovial fl uid analysis
in osteoarthritis, 747
in rheumatoid arthritis, 836

Synovium, rheumatoid hypertrophy of. See
Wrist, rheumatoid arthritis of

Syringomyelia, post-traumatic, 868, 884
Systemic lupus erythematosus, 901–906, 902t, 

903t, 905t–906t

T
Tactile stimulation, in phantom limb pain, 577
Tailor’s bunion, 429–430
Talar tilt test, 422, 423f
Taping

in claw toe, 438–439, 439f
in patellofemoral syndrome, 372
in ulnar collateral ligament sprain, 184, 185, 

185f
Tardive dyskinesia, 714, 715–716
Tarsal tunnel syndrome, 479–482, 480f, 481f
Temperature, skin, in complex regional pain 

syndrome, 512
Tender points, in fi bromyalgia, 37, 525, 526f
Tender spots, in cervical degenerative disease, 12
Tendinitis/tendinosis

Achilles, 407–409, 408f
biceps, 55–58, 56f, 58f
de Quervain, 129–131, 130f
patellar, 367–369, 369f
plantar, 469–473, 470f, 472f
quadriceps, 367–369, 369f, 387–388
rotator cuff, 71–75, 72f, 73f, 74t

Tendon transfer, in wrist rheumatoid arthritis, 
199

Tennis elbow, 105–107, 107f
Tenosynovectomy

in posterior tibial dysfunction, 477
in rheumatoid arthritis, 163

Tenosynovitis
de Quervain, 129–131, 130f
extensor, 163
fl exor, 163
posterior tibial, 475–477, 476f
in rheumatoid arthritis, 163, 835

Tension neckache, 37–40, 39f
Tension-type headache, 520, 522
Teriparatide, in osteoporosis, 755t, 757
Tetraplegia. See Spinal cord injury, cervical
Thalamotomy, in Parkinson disease, 764
Thermal capsulorrhaphy, in shoulder arthritis, 

94–95

Thermal injury. See Burns
Thermoregulation, in burns, 613
Thin bones. See Osteoporosis
Thomas test, 296, 296f, 338, 339f
Thompson test, 408, 408f
Thoracentesis, in cardiac rehabilitation, 619
Thoracic outlet syndrome, 497–502, 498f, 500f, 

501f, 775
Thoracic outlet syndrome index, 499
Thoracic spine

compression fracture of, 213–217, 214f, 215f, 
216f

vs. thoracic radiculopathy, 219
radiculopathy of, 219–221, 220f

vs. intercostal neuralgia, 550–551
range of motion of, 219
sprain/strain of, 223–227

Thoracic wedge, in thoracic sprain/strain, 226
Thoracochondralgia, 555–560, 556f, 557f, 558f
Thoracolumbosacral orthosis, 845, 845f
Thoracotomy, pain after, 550, 585–587, 586t
Thrombectomy, 661
Thromboembolism, venous. See Deep venous 

thrombosis
Thrombolytic therapy

in deep venous thrombosis, 661
in stroke, 888

Thrombophlebitis. See Deep venous thrombosis
Thromboprophylaxis, after hip arthroplasty, 

275
Thrombosis, venous. See Deep venous 

thrombosis
Thumb. See also Finger; Hand

gamekeeper’s, 183–185
rheumatoid arthritis of, 164
skier’s, 183–185, 184f

Thumb spica splint, in de Quervain 
tenosynovitis, 131

Tiagabine, in complex regional pain syndrome, 
514t

Tibial nerve transplantation, in peroneal neu-
ropathy, 378

Tibial neuropathy, 479–482, 480f, 481f
Tibial pain syndrome. See Compartment 

syndrome
Tibialis posterior tendon insuffi ciency, 475–477, 

476f
Tic douloureux, 491–496, 492f, 493t–494t, 

495f
Tics, 714, 715
Tietze syndrome, 545, 555–560, 556f, 557f, 

558f
Tinel sign, 480, 481f

in carpal tunnel syndrome, 174
in elbow arthritis, 98
in radial neuropathy, 121
in ulnar neuropathy, 125
in wrist rheumatoid arthritis, 195

Tizanidine
in complex regional pain syndrome, 514t
in multiple sclerosis, 723
in spasticity, 851t

Toes
bunion of, 427–429, 428f, 429f
claw, 437–440, 438f, 439f
corns of, 441–443, 442f, 443f
hammer, 453–455, 454f
mallet, 457–459, 458f
osteoarthritis of, 449–451, 450f, 451f

Tolterodine, 740, 740t
Tooth

crack/fracture of, 493t
phantom, 494t

Topiramate, in complex regional pain syn-
drome, 514t

Torg-Pavlov ratio
in cervical spondylotic myelopathy, 4
in cervical stenosis, 29

Torsion dystonia, idiopathic, 579–582, 582t
Torticollis, spasmodic, 579–582, 582t
Tourette syndrome, 714
Toxins, peripheral neuropathy with, 768t
Tracheostomy, in motor neuron disease, 711
Traction

cervical, in degenerative disease, 14
on femoral nerve, 280f

Tram-tracking, in deep venous thrombosis, 
659f

Tramadol
in complex regional pain syndrome, 514t
in knee arthritis, 347, 348t
in low back strain/sprain, 250
in thoracic compression fracture, 214

Transcutaneous electrical nerve stimulation. See
Electrical stimulation

Transverse myelitis, 907–911
Trapeziometacarpal joint, osteoarthritis of, 156, 

158–159
Trapezius muscle, 83–84, 85f

strain of, 37–40, 39f
Trauma, multiple, 787–791, 791t
Traumatic brain injury, 913–917, 914t, 917t
Treadmill testing, in cardiac rehabilitation, 

616
Tremor, 713–714, 715, 716

essential, 714, 762
intention, 714
in multiple sclerosis, 720, 724
in Parkinson disease, 761, 762

Trendelenburg sign, 296, 296f, 303, 304f
Tricyclic antidepressants

in arachnoiditis, 567, 567t, 568
in cervical sprain/strain, 25
in chronic fatigue syndrome, 639
in complex regional pain syndrome, 514t, 

515
in fi bromyalgia, 526
in intercostal neuralgia, 552
in motor neuron disease, 709
in occipital neuralgia, 487, 488, 489t
in peripheral neuropathy, 770
in peroneal neuropathy, 378
in phantom limb pain, 576t, 577
in repetitive strain injury, 542
in trapezius strain, 38, 39–40

Trigeminal nerve, 491
blockade of, 495, 495f

Trigeminal neuralgia, 491–496, 493t–494t, 
495f, 495t

Trigger fi nger, 179–182, 180f, 181f
Trigger point(s)

in chronic fatigue syndrome, 640
in myofascial pain syndrome, 529, 531

Trigger point injection
in cervical sprain/strain, 25
in cervicogenic vertigo, 34, 34f
in fi bromyalgia, 526
in headache, 522
in myofascial pain syndrome, 534, 535
in thoracic sprain/strain, 227
in trapezius strain, 39, 39f, 40

Trihexyphenidyl, in Parkinson disease, 715
Trochanteric bursitis, 303–305, 304f
Trospium, 740, 740t
Tumor necrosis factor antagonists, in rheuma-

toid arthritis, 162
Two-fl ight stair test, in cardiac rehabilitation, 

617
Two-point sensory discrimination test, in carpal 

tunnel syndrome, 173–174
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U
Ulcer(s)

duodenal, 232t
foot

in claw toe, 439
in corns, 441
in diabetes, 673–676
in hammer toe, 453
in mallet toe, 457
in tibial neuropathy, 482

pressure (decubitus), 813–819, 814t, 815f, 
817f

in cerebral palsy, 630
in cervical spinal cord injury, 866
in lumbosacral spinal cord injury, 883, 884
in thoracic spinal cord injury, 872–873, 876

skin, in diabetes mellitus, 673–676
Ulcerative colitis, 685, 686, 686f, 688–689
Ulna bursa, injection of, in carpal tunnel 

syndrome, 176, 176f
Ulnar claw, 188
Ulnar collateral ligament complex, 183
Ulnar collateral ligament sprain, 183–185, 

184f, 185f
Ulnar neuropathy

elbow, 107, 125–127, 126f
wrist, 187–192, 188f, 188t, 189f, 190f

Ultrasonography. See also Ultrasound therapy
in acromioclavicular joint injury, 44
in Baker’s cyst, 315, 316
in biceps tendinitis, 57
in cerebral palsy, 631
in deep venous thrombosis, 658
in glenohumeral arthritis, 92
in heterotopic ossifi cation, 693
in iliotibial band syndrome, 339
in jumper’s knee, 368
in knee arthritis, 347
in Morton neuroma, 466, 466f
in neurogenic bladder, 736
in osteoporosis, 755
in plantar fasciitis, 470
in polytrauma, 788
in posterior tibial dysfunction, 476
in quadriceps contusion, 292
in rheumatoid arthritis, 162
in rotator cuff tear, 79
in Tietze syndrome, 556–557, 557f, 558f
in trochanteric bursitis, 304

Ultrasound therapy
in biceps tendinitis, 57
in cervical sprain/strain, 25
in joint contracture, 653
in knee bursitis, 357
in piriformis syndrome, 288
in plantar fasciitis, 471
in postherpetic neuralgia, 562
in rotator cuff tear, 80
in spasticity, 850

Urea, blood, in chronic kidney disease, 645
Uremia, 644–645

Urethral sphincter, 733
Urinary catheterization, 734, 739

intermittent, 874
suprapubic, 741, 741f

Urinary incontinence
in cerebral palsy, 629
in cervical spondylotic myelopathy, 4
in multiple sclerosis, 721, 722

Urinary tract infection, in neurogenic bladder, 
740–741, 742

Urodynamic testing
in cervical spinal cord injury, 864
in lumbosacral spinal cord injury, 882
in neurogenic bladder, 736–737, 738f, 739f
in thoracic spinal cord injury, 872

V
Vacuum-assisted closure, in pressure ulcers, 818
Valacyclovir, in postherpetic neuralgia, 562
Valproate, in trigeminal neuralgia, 494, 495t
Valproic acid, in complex regional pain 

syndrome, 514t
Varicella-zoster virus infection, 561–563
Vascular access, in chronic kidney disease, 647
Vascular dementia, 665–671, 666t
Vasculitis, in rheumatoid arthritis, 833
Vastus medialis obliquus strengthening, in 

patellofemoral syndrome, 373
Vaughan-Jackson syndrome, 161, 195
Vena cava fi lter, 661
Venlafaxine, in complex regional pain syndrome, 

514t
Venography, in deep venous thrombosis, 658, 

659f
Ventilation, in myopathy, 732
Ventilatory impairment, 823–826, 824t

complications of, 830
rehabilitation for, 827

Vertebral crush fracture, 213–217, 214f, 215f, 216f
vs. radiculopathy, 219

Vertebroplasty, in thoracic compression fracture, 
216, 216f

Vertigo
cervicogenic, 33–35, 34f
post-concussion, 802–803, 805, 806

Vicar’s knee, 355
Videofl uorography, of swallowing, 680, 681f
Viking disease, 133–136, 134f
Virchow’s triad, 657
Viscosupplementation injection, in arthritis, 

274, 350
Vision disorders

in cerebral palsy, 628
in multiple sclerosis, 719–720, 721, 724
post-concussion, 803
in psoriatic arthritis, 809
in stroke, 895

Vitamin C
in amyotrophic lateral sclerosis, 707
in knee arthritis, 347, 348t

Vitamin D, in osteoporosis, 756

Vitamin E, 670
in amyotrophic lateral sclerosis, 707

Vocal cord injection, 857
Vocational therapy. See also Occupational 

therapy
after stroke, 890
in post-concussion disorders, 805–806

Volar carpal ligament, 173, 174f
Volkmann ischemia. See Compartment 

syndrome

W
Waddell signs

in lumbar degenerative disease, 230, 230t
in lumbar radiculopathy, 242

Walk test, for pulmonary rehabilitation, 825
Walker, in knee arthritis, 349
Walking program, in plantar fasciitis, 471–472
Wallet neuritis, 287–289, 288f
War-related injury. See Polytrauma
Warfarin

in hip replacement, 297
in knee replacement, 401
in stroke, 888

Wartenberg sign, 125
Washerwoman’s sprain, 129–131, 130f
Well-leg compartment syndrome, 325
Wells prediction rules, in deep venous 

thrombosis, 658, 659t
Whiplash injury, 23–25, 24f
Whipple disease, 685, 686, 687, 688
Winter heel. See Foot (feet), bursitis of
Work-related upper limb disorder. See Repetitive 

strain injury
Wrist. See also Finger; Hand

de Quervain tenosynovitis of, 129–131, 
130f

fracture of, 754
fusion of, 200, 200f, 208, 209f, 210f
ganglia of, 149–153, 150f, 151f
malunited fracture of, 203, 204f
osteoarthritis of, 193–201, 194f, 195f, 198f, 

199f, 200f
palpation of, 205
rheumatoid arthritis of, 203–211, 204f, 205f, 

206f, 207f, 210f, 834–835, 836f
treatment of, 198–200, 200f

swelling of, 204–205, 205f
Wristdrop neuropathy, 121–124, 122f, 123t

Y
Yeoman test, in low back strain/sprain, 249t
Yergason test, 56, 56f, 59
Yuppi fl u, 635–640, 637t, 638t

Z
Z-joint pain, 7–9, 8f
Zoledronic acid, in osteoporosis, 757
Zygapophyseal joint pain, 7–9, 8f
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