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The median, radial, and ulnar nerves of the upper limbs may be af-
fected by various peripheral neuropathies, each of which may be cat-
egorized according to its cause, as either an entrapment or a nonen-
trapment neuropathy. Entrapment neuropathies, also referred to as
nerve compression syndromes, include the supracondylar process syn-
drome, pronator syndrome, anterior interosseous nerve syndrome, car-
pal tunnel syndrome, posterior interosseous nerve syndrome, cubital
tunnel syndrome, and Guyon canal syndrome. Nonentrapment neu-
ropathies include traumatic nerve injuries, infectious and inflammatory
conditions, polyneuropathies, and mass lesions at anatomic locations
where entrapment syndromes typically do not occur. Although clinical
examination and electrophysiologic testing are the cornerstone of the
diagnostic work-up, in certain cases magnetic resonance (MR) imaging
may provide key information about the exact anatomic location of a
lesion or may help narrow the differential diagnosis. In patients with a
diagnosis of peripheral neuropathy, MR imaging may help establish the
cause of the condition and provide information crucial for conservative
management or surgical planning. In addition, knowledge of the nor-
mal anatomy and of the possible causes, typical clinical findings, and
MR imaging features of peripheral neuropathies that affect the median,
radial, and ulnar nerves allows greater confidence in the diagnosis.
“RSNA, 2006

Abbreviations: CIDP = chronic inflammatory demyelinating polyradiculoneuropathy, SE = spin echo, STIR = short inversion time inversion re-

covery
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Introduction
For the evaluation of peripheral neuropathies,
physicians traditionally relied primarily on infor-
mation gained from an accurate clinical history, a
thorough physical examination, and electrodiag-
nostic testing with electromyography, nerve con-
duction studies, and recordings of somatosensory
evoked potentials (1,2). However, because such
diagnostic tests and studies do not provide spatial
information regarding the nerve and the sur-
rounding structures, the information they provide
is sometimes insufficient to establish the diagnosis
(3). In equivocal cases, clinicians may ask for an
additional imaging evaluation with either ultra-
sonography (US) or magnetic resonance (MR)
imaging. The selection of the imaging modality to
be used for further work-up for peripheral neu-
ropathies depends on the anatomic location of the
abnormality, the clinician’s preference, local
availability, and the individual experience of the
radiologist with each modality.

MR imaging is considered useful for the assess-
ment of neuromuscular disorders. It provides
high-resolution depiction of nerves and allows
visualization of primary abnormalities, such as a
mass lesion compressing a nerve, as well as sec-
ondary abnormalities, such as nerve enlargement
and enhancement due to neuritis (4). However,
the primary nerve abnormality may not be visible
in some cases. In such cases, the observation of
signal intensity changes in the muscle that is in-
nervated by the abnormal nerve may be used to
diagnose and localize the nerve lesion (5).

Peripheral neuropathies may be categorized
according to cause, as either entrapment or non-
entrapment neuropathies. Entrapment neuropa-
thies (also referred to as nerve compression syn-
dromes) of the median, radial, and ulnar nerves
are characterized by alterations of the nerve func-
tion that are caused by mechanical or dynamic
compression. Nerve entrapment syndromes occur
because of anatomic constraints at specific loca-
tions. Anatomic locations that are prone to nerve
entrapment syndromes include sites where the
nerve courses through fibro-osseous or fibromus-
cular tunnels or penetrates a muscle (6). If there
is even a slight divergence from the normal anat-
omy or conditions at these locations—for ex-
ample, an anatomic variant or a degenerative
change—the passage may be narrowed, and nerve
entrapment may result. In some cases, repetitive
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stress from overuse may cause further narrowing
of an already narrow passage and lead to nerve
compression. Findings in patients with nonen-
trapment neuropathies may include traumatic
nerve injuries, inflammatory conditions, polyneu-
ropathies, and mass lesions at anatomic locations
where entrapment does not typically occur.

This article surveys the anatomy and MR im-
aging appearances of the most common periph-
eral neuropathies of the upper extremity. We use
the term peripheral neuropathies of the upper extrem-
ity to summarize abnormalities of the median,
ulnar, and radial nerves. Since the three nerves
arise from different cords of the brachial plexus,
we discuss only nerve abnormalities that affect the
nerves distal to the brachial plexus. Particular at-
tention is given to the nerve compression syn-
dromes that occur most frequently in the upper
extremity.

Technical Considerations
Standard MR pulse sequences are used to visual-
ize the anatomic features of normal and abnormal
peripheral nerves and the tissues that surround
them. In our experience, the axial plane is the
most useful for assessment of peripheral nerves of
the upper extremity, since all these nerves are lon-
gitudinally oriented within the limb. The use of
T1-weighted spin-echo (SE) sequences allows
depiction of fine anatomic detail, including the
fascicular structure of the nerve. A normal nerve
on T1-weighted images appears as a smooth
round or ovoid structure with an MR signal that
is isointense to that in adjacent muscle. A rim of
hyperintense signal often surrounds peripheral
nerves. The T1-weighted sequence, when applied
after the administration of an extracellular gado-
linium-based contrast agent, can be useful for
demonstrating the anatomic relationship of nerve
fascicles to closely associated mass lesions (see the
section “Mass Lesions” in this article). Normal
nerves do not appear enhanced after the intrave-
nous administration of a gadolinium-based con-
trast agent. The MR signal in normal peripheral
nerves on T2-weighted images acquired with fast
SE or short inversion time inversion recovery
(STIR) sequences is isointense to mildly hyperin-
tense, compared with the signal intensity in nor-
mal muscle. Nerve fascicles may have a signal
intensity slightly higher than that in the peri-
neurium and internal perineural tissue.

The choice between conventional SE versus
fast SE techniques is a matter of preference. At
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A normal nerve on T1-weighted images appears as a smooth round or ovoid structure with an MR signal that is isointense to that in adjacent muscle. A rim of hyperintense signal often surrounds peripheral nerves. The T1-weighted sequence, when applied after the administration of an extracellular gadolinium-based contrast agent, can be useful for demonstrating the anatomic relationship of nerve fascicles to closely associated mass lesions (see the section “Mass Lesions” in this article).
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our institution, STIR and T2-weighted fat-sup-
pressed fast SE sequences are used, primarily be-
cause they require less acquisition time than do
conventional SE sequences. STIR sequences offer
the advantage of more-homogeneous fat suppres-
sion than can be achieved with T2-weighted fat-
suppressed sequences, particularly in anatomic
areas with irregular surfaces.

In patients in whom the presence of peripheral
neuropathy is suspected, a thorough assessment
of the signal characteristics of the muscles on T1-
weighted SE and T2-weighted fat-suppressed or
STIR images is of paramount importance. Since
the nerve and the injury to it cannot always be
visualized even with high-resolution MR imaging
by using dedicated surface coils, the presence and
the pattern of signal changes within muscles may
be key in diagnosing nerve dysfunction. MR im-
aging can readily demonstrate abnormalities such
as neurogenic muscle edema or fatty muscle atro-
phy. STIR sequences are particularly sensitive
in depicting muscle edema (5,7). Neurogenic
muscle edema occurs in acute and subacute
stages of denervation and results in prolongation
of the T2 relaxation time at MR imaging with
T2-weighted or STIR sequences as early as
24—48 hours after denervation. In contrast, the
signs of muscle denervation are not apparent at
electromyography until 2-3 weeks after the onset
of a nerve lesion (8,9). Muscle edema is caused
by an enlargement of capillaries in the acute stage
of lesion development, followed by the degenera-
tion of fibers and the development of subsar-
colemmal vacuoles in the subacute stage (8). In
addition, direct neurogenic effects, secondary
capillary changes owing to local vasodilators, local
metabolic effects, and blood flow alterations are
considered factors that may contribute to neuro-
genic muscle edema (8,10,11). Fatty muscle
atrophy occurs when there is complete chronic
muscle denervation. Fatty muscle atrophy evolves
after several months of denervation and is most
visible on standard T1-weighted SE images,
which depict reduced volume and higher signal
intensity compared with those of normal muscle
tissue (12).

Entrapment Syn-
dromes of the Median Nerve
The median nerve arises from the medial and lat-
eral cords of the brachial plexus (C6 through C8,
T1). The nerve follows the axillary artery and lies
superficial to the brachial muscle in the upper
arm. It enters the forearm between the two heads
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of the pronator teres muscle. Just distal to that
point, it gives off the anterior interosseous (ante-
brachial) nerve branch and then courses between
the flexor digitorum superficialis and profundus
muscles. Before passing under the flexor retinacu-
lum and into the carpal tunnel, it gives off the
superficial palmar branch. Distal to the carpal
tunnel, it subdivides into digital and muscular
branches. In the proximal part of the forearm
(just distal to the elbow), the nerve innervates the
pronator teres, flexor carpi radialis, palmaris lon-
gus, and flexor digitorum superficialis muscles.
The anterior interosseous nerve supplies the
flexor digitorum profundus, flexor pollicis longus,
and pronator quadratus muscles. Muscles intrin-
sic to the hand that are innervated by the median
nerve include the abductor pollicis brevis, the op-
ponens pollicis, and the superficial head of the
flexor pollicis brevis (5).

Neuropathies caused by entrapment of the me-
dian nerve include the supracondylar process syn-
drome, pronator syndrome, anterior interosseous
nerve syndrome, and carpal tunnel syndrome.

Supracondylar Process Syndrome

Definition.—The supracondylar process syn-
drome is a very rare neuropathy that affects the
median nerve at the level of the distal humerus.
In patients with this condition, an osseous spur
called the supracondylar process is visible on con-
ventional radiographs at the anteromedial surface
of the distal humerus. The supracondylar process
may be connected to the medial epicondyle by a
fibrous band, which is known as the ligament of
Struthers (13).

Origins.—The supracondylar process is a con-
genital anatomic variation normally found in
many amphibians, reptiles, and mammals but
seldom found in humans. The ligament of Struth-
ers is a remnant of a tendinous insertion of the
latissimus dorsi muscle in the medial epicondyle,
a structure typically found in climbing mammals
(14).

Clinical Findings.—Patients experience pares-
thesia and numbness of the affected hand. Weak-
ness and atrophy occur in some patients because
of prolonged median nerve compression (14).
Local pain is noticeable at physical palpation

in those with a fracture of the supracondylar
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STIR sequences are particularly sensitive in depicting muscle edema (5,7). Neurogenic muscle edema occurs in acute and subacute stages of denervation and results in prolongation of the T2 relaxation time at MR imaging with T2-weighted or STIR sequences as early as 24-48 hours after denervation.
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process (15). Extension of the elbow may provoke

symptoms such as paresthesia and numbness. In
some patients, the supracondylar process is pal-
pable at the distal aspect of the humerus. Dis-
crepancies in muscle strength may be detected
between the affected arm and the contralateral
one. However, the presence of bilateral supracon-

dylar process syndrome also should be considered
(16). Electrodiagnostic studies may reveal signs of

nerve compression, but the results of electrodiag-
nostic testing also may be normal in some cases
(15). The differential diagnosis should include a
high bifurcation of the brachial artery, a high ori-
gin of the pronator teres muscle, anomalous in-
sertion of the coracobrachialis muscle, and other
anatomic variants that could cause median nerve
compression (6).

MR Imaging Features.—The MR imaging
findings in patients with supracondylar process
syndrome are not well described (14,15) but are
probably unimportant, since the supracondylar
process is well depicted on conventional radio-
graphs. Apart from the supracondylar process,
MR images may show the ligament of Struthers
and its anatomic relationship to the median nerve
(14). In addition, MR imaging may be useful for
detecting a radiographically occult fracture of the
supracondylar process (15).

Pronator Syndrome

Definition.—Pronator syndrome is characterized
by chronic forearm pain due to entrapment or
compression of the median nerve at the level of
the pronator teres muscle.

Origins.—Pronator syndrome results from en-
trapment or compression of the median nerve
between the humeral (superficial) and the ulnar
(deep) heads of the pronator teres muscle, at the
bicipital aponeurosis (lacertus fibrosus), or at the
arch of the origin of the flexor digitorum superfi-
cialis (Fig 1). Compression and entrapment may
result from anatomic constraints due to congeni-
tal abnormalities in the involved tendons or
muscles, such as hypertrophy of the pronator
teres muscle bellies or aponeurotic prolongation
of the biceps brachii muscle (17). These condi-
tions may be clinically silent for years and then
suddenly become evident after repetitive prona-
tion-supination stress (17). Less common causes
of pronator syndrome include posttraumatic he-
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Figure 1. In A, the schematic provides an anterior
view of the course of the median nerve (1) along the
elbow, through the two heads of the pronator teres
muscle (2), and into the forearm. B is a close-up detail
of the most common site of pronator syndrome, where
the nerve courses between the humeral head (2a) and
the ulnar head (2b4) of the muscle.

matoma, soft-tissue masses, prolonged external
compression, and fracture of the elbow (eg, Volk-
man fracture) (3).

Clinical Findings.—Patients with pronator syn-
drome experience pain and numbness in the volar
aspect of the elbow and forearm as well as in the
hand. Muscle weakness is not usually present.
Physical examination produces pain at palpation
of the pronator teres muscle, which may feel firm
or have the appearance of a hard mass. A positive
Tinel sign (dysesthesia produced by tapping over
the nerve) may be present. The results of electro-
diagnostic tests often are normal. Occasionally,
denervation signs are observed in the pronator
teres, flexor carpi radialis, and flexor digitorum
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Figure 2. Pronator syndrome in a 58-year-old man after repeated pronation-supination stress from snow
shoveling. (a) Axial T1-weighted SE MR image (repetition time msec/echo time msec, 560/9) at a middle level
in the forearm shows normal volume and normal signal intensity of the proximal forearm muscles (I = prona-
tor teres, 2 = flexor carpi radialis, 3 = palmaris longus, 4 = flexor digitorum superficialis, 5 = flexor pollicis
longus, 6a = radial part of the flexor digitorum profundus, 65 = ulnar part of the flexor digitorum profundus)
and normal signal intensity of the radius (R) and ulna (U). (b) Corresponding T2-weighted fat-suppressed fast
SE MR image (4340/106; echo train length, eight) demonstrates increased signal intensity indicative of edema
in all of the muscles that are innervated by the median nerve. The ulnar part of the flexor digitorum profundus
muscle, which is innervated by the ulnar nerve, is unaffected.

Figure 3. Schematic
provides an anterior
view of the course of the
anterior interosseous
nerve (1), which arises

and overuse syndromes, particularly carpal tunnel
syndrome (17,18).

MR Imaging Features.—The normal median
from the median nerve often is poorly depicted at the elbow be-
nerve (2) in the fore- cause of the minimal amount of perifascial fat in
arm. this region (19). The median nerve usually is vis-
ible between the pronator teres and the brachialis
muscles on axial images. It may appear normal at
the site of entrapment. In some cases sequelae of
nerve damage, such as thickening or signal abnor-
malities, are found. The anatomic basis of prona-
tor syndrome is often inconspicuous at MR imag-
ing unless there is a mass or an osseous fracture in
proximity to the nerve. Therefore, when axonal
degeneration occurs, a typical pattern of muscle
denervation is key for the diagnosis of pronator
syndrome. The pronator teres and other muscles
innervated by the median nerve distally to the site
of the lesion may show abnormally high signal
intensity on T2-weighted fat-suppressed, STIR,
or T1-weighted images (Fig 2).

Anterior Interosseous Nerve Syndrome

Definition.—Anterior interosseous nerve syn-
drome (also called Kiloh-Nevin syndrome) is
caused by entrapment or compression of the ante-
rior interosseous nerve in the proximal part of the

superficialis muscles at electromyography. Con-
duction velocity along the median nerve may be
delayed at the antecubital fossa. The differential
diagnosis should include cervical radiculopathy,
brachial plexopathy, thoracic outlet syndrome,

forearm. Most lesions that lead to this syndrome
have a location distal to that typical of lesions that
cause pronator syndrome (Fig 3).
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Figure 4. Complete anterior interosseous nerve syndrome in a 44-year-old man with weakness of the flexor
muscles of the thumb and the second and third fingers. (a, b) Axial T1-weighted SE MR images (440/10) at proxi-
mal (a) and distal (b) levels of the forearm show moderate fatty atrophy in the flexor pollicis longus muscle (1 in a),
in the radial aspect of the flexor digitorum profundus muscle (2 in a), and in the pronator quadratus muscle (3 in b).
R = radius, U = ulna. (¢, d) T2-weighted fast SE MR images (5160/98; echo train length, 10), at the same proximal
(c) and distal (d) levels as a and b, depict increased signal intensity in the three muscles.

Origins.—The most frequent causes of anterior
interosseous nerve syndrome are direct traumatic
damage and external compression. Traumatic
nerve damage may be the result of surgery, ve-
nous puncture, injection, or cast pressure. Exter-
nal compression of the anterior interosseous
nerve may be caused by various anomalies, in-
cluding a bulky tendinous origin of the ulnar
(deep) head of the pronator teres muscle, a soft-
tissue mass such as lipoma or ganglion, an acces-
sory muscle, a fibrous band originating from the
superficial flexor, or a vascular abnormality (6).

Clinical Findings.— Typically, patients with
anterior interosseous nerve syndrome experience
a dull pain in the volar aspect of the forearm,
combined with an acute onset of muscle weak-
ness. The muscle weakness affects the thumb, the
index finger, and occasionally the middle finger
because the deep flexor muscles of these fingers
are innervated by the anterior interosseous nerve
(6). Isolated weakness of the thumb, which oc-
curs in some patients, may indicate isolated in-
volvement of the particular fascicle that inner-
vates the flexor pollicis longus (20). Since the an-
terior interosseous nerve does not innervate the
skin, numbness is not associated with the syn-
drome.

Patients with anterior interosseous nerve syn-
drome are not able to form an “O” with the
thumb and index finger. This characteristic find-

ing, called the circle sign, is due to a lack of inner-
vation of the flexor pollicis longus muscle or the
flexor digitorum profundus muscle (6). Muscle
strength and forearm circumference may be de-
creased in the affected arm, compared with those
in the unaffected arm (21). Electrodiagnostic
studies may reveal denervation of the affected
muscles (22). The differential diagnosis of ante-
rior interosseous nerve syndrome includes iso-
lated lesions of the flexor pollicis longus tendon,
rheumatoid arthritis, fractures (humeral, radial,
or ulnar), and a more proximal median nerve le-
sion in which the anterior interosseous nerve fi-
bers are affected selectively or preferentially
(so-called pseudo anterior interosseous nerve
syndrome) (23,24). A mononeuritis such as
Parsonage-Turner syndrome (neuralgic amy-
otrophy) may mimic anterior interosseous nerve
syndrome clinically (25).

MR Imaging Features.—The anterior in-
terosseous nerve usually is seen between the
flexor digitorum superficialis and profundus
muscles on MR images. In patients with typical
anterior interosseous nerve syndrome with acute
or subacute onset, axial T2-weighted fat-sup-
pressed or STIR images depict increased signal
intensity in the flexor digitorum profundus, flexor
pollicis longus, and pronator quadratus muscles
(Fig 4). Since the fourth and fifth fingers are not
involved in anterior interosseous nerve syndrome,
the MR signal intensity of the corresponding
flexor muscles is normal (4). Most anatomic con-
straints and other entities that cause anterior
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C.

Figure 5. Incomplete anterior interosseous nerve syndrome in a 30-year-old woman with isolated weakness
of the flexor pollicis longus and pronator quadratus muscles. (a, b) Axial T1-weighted SE MR images (340/15)
obtained at proximal (a) and distal (b) levels in the forearm show a normal appearance of the flexor pollicis
longus muscle (7 in a) and moderate fatty atrophy (arrows in b) of the pronator quadratus muscle (2inb). R =
radius, U = ulna. (¢, d) Corresponding T2-weighted fat-suppressed fast SE MR images (3620/89; echo train
length, 12), at the same proximal (c) and distal (d) levels as a and b, depict increased signal intensity in both

muscles, a finding indicative of subacute denervation.

interosseous nerve syndrome are not visible at
MR imaging (Fig 5). However, if focal entrap-
ment or compression of the nerve is visible at MR
imaging, this anatomic information may aid sur-
geons in avoiding long incisions that cross the
antecubital fossa and may help minimize the inva-
siveness of the surgical procedure (6). Apart from
its diagnostic utility, MR imaging is well suited
for monitoring the effects of therapy in patients
with anterior interosseous nerve syndrome, par-
ticularly the effects of conservative management
with modification of activities, immobilization,
anti-inflammatory medication, or physical
therapy (21). Normalization of T2-weighted
muscle signal intensity or of abnormalities on
STIR images indicates the recovery of nerve func-
tion, whereas the additional development of T'1-
weighted MR signal intensity abnormalities indi-
cates worsening and chronicity of anterior in-
terosseous nerve syndrome (eg, with fatty muscle
atrophy) (8).

Carpal Tunnel Syndrome

Definition.—Carpal tunnel syndrome is the most
common peripheral neuropathy of the upper ex-
tremity and results from compression of the me-
dian nerve beneath the transverse carpal ligament.
This syndrome most often affects middle-aged
women.

Origins.—Carpal tunnel syndrome may result
from any process that causes compression of the
median nerve in the carpal tunnel (26). The po-
tential causes of compression include various con-
genital, inflammatory, infectious, idiopathic, and
metabolic or endocrine processes and conditions
(eg, diabetes, pregnancy, and hypothyroidism) as
well as trauma (Fig 6) and mass lesions (eg, gan-
glion, lipoma, neurofibroma, fibrolipomatous
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Figure 6. Carpal tunnel syndrome in a 14-year-
old female patient with a wrist trauma-related frac-
ture of the capitate bone. Electrodiagnostic testing
revealed a complete conduction block of the median
nerve at the level of the carpal tunnel. (a) Coronal
T2-weighted fat-suppressed fast SE MR image
(3500/100; echo train length, 12) of the wrist shows
a fracture of the capitate bone (arrow) without dislo-
cation. (b) Axial T1-weighted SE MR image (540/
10) at the level of the carpal tunnel depicts moder-
ate bowing of the flexor retinaculum (small arrows)
and normal size of the median nerve (large arrow).
(c) Axial T2-weighted fast SE MR image (4200/
100; echo train length, 12) at the same level as b
depicts increased signal intensity of the median
nerve (arrow), a finding consistent with carpal tun-

nel syndrome.

hamartoma) (Fig 7) (27). Repetitive use also may
contribute to the development of carpal tunnel
syndrome.

Clinical Findings.—Patients with carpal tunnel
syndrome experience a burning wrist pain, which
may radiate either proximally to the shoulder and
neck region or distally into the fingers. An insidi-
ous onset of paresthesia or numbness in the
thumb, index (second) finger, middle (third) fin-
ger, and the radial aspect of the fourth finger of-
ten is described; this pattern of numbness corre-
sponds with the innervation pattern of the median
nerve at the hand. Symptoms often are worse at
night and are exacerbated by repetitive flexion
and extension of the wrist, strenuous gripping, or
exposure to vibration. In the later stages, patients
experience clumsiness of the hand because of the-
nar muscle weakness (1). A physical examination

with percussion may evoke tingling (the Tinel
sign) in the median nerve at the wrist. Sensory
nerve function may be abnormal and is easily
evaluated by testing with a light touch or pin-
prick. Results of the Phalen maneuver (extreme
flexion of the wrist to test for dysesthesia), Flick
test (shaking of the hand to see whether symp-
toms are relieved), and percussion (for the Tinel
sign) are frequently positive in patients with car-
pal tunnel syndrome. In severe or chronic cases,
muscle atrophy of the thenar eminence may be
present (28). Median nerve conduction testing
may reveal a delayed conduction signal at the
wrist, and needle-electrode electromyography
may help detect denervation in the intrinsic hand
muscles (22,27). The differential diagnosis in pa-
tients with carpal tunnel syndrome includes le-
sions of the central nervous system, cervical radic-
ulopathy, brachial plexopathy, ulnar neuropathy
at the elbow, and other focal neuropathies of the
upper extremity, including proximal median
nerve lesions (27).
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Carpal tunnel syndrome in a 54-year-old man with a fibrolipomatous hamartoma of the median nerve.

(a) Axial T1-weighted SE MR image (380/10) at the level of the hook of the hamate shows enlargement of the me-
dian nerve, with hypointense nerve fascicles (arrow) surrounded by fibroadipose tissue (arrowheads). (b) Coronal
contrast-enhanced T1-weighted fat-suppressed SE MR image (460/20) depicts entrapment of the median nerve

within the carpal tunnel (arrows).

MR Imaging Features.—The median nerve
usually is observed in a location superficial to the
second flexor digitorum superficialis tendon or
interposed between the flexor digitorum superfi-
cialis tendons and the flexor pollicis longus ten-
don (27). In axial cross-sectional views, the nerve
usually appears ovoid in the proximal part of the
carpal tunnel and has an increasingly flatter ap-
pearance at the level of the pisiform bone and in
the distal part of the carpal tunnel. MR imaging
findings in patients with carpal tunnel syndrome
may be directly related to the nerve (size, shape,
signal intensity) or to the other contents of the
carpal tunnel. In carpal tunnel syndrome, nerve
enlargement is best evaluated at the level of the
pisiform bone, where its diameter is 1.6-3.5
times that at the level of the distal radioulnar joint
(29,30). Flattening of the median nerve in pa-
tients with this syndrome is best evaluated by
comparing the nerve diameter at the level of the
hook of the hamate with that at the level of the
distal radius (30). MR findings also may include
increased nerve signal intensity on T2-weighted
fat-suppressed or STIR images and bowing of the
flexor retinaculum at the level of the hook of the
hamate (27,30).

However, the sensitivity and specificity of
all these MR signs for carpal tunnel syndrome
are low (sensitivity, 23%-96%; specificity,
39%-87%), and for this reason MR imaging
does not play a role in the clinical assessment of
carpal tunnel syndrome (31). Nevertheless, MR
imaging does have clinical utility when the cause
of carpal tunnel syndrome is a neoplasm (eg,

neurofibroma), arthritis (eg, gouty tophi, rheuma-
toid tenosynovitis), or a congenital anomaly (eg,
aberrant lumbrical muscles) and in evaluating the
postoperative wrist.

Posterior Interosseous Nerve
Syndrome and the Radial Nerve

Posterior interosseous nerve syndrome is a neu-
ropathy caused by entrapment or compression of
the radial nerve. The radial nerve arises from the
posterior cord of the brachial plexus (C5 through
C8, T1). The nerve follows the brachial artery
dorsally, twists around the humerus, crosses un-
der the teres major muscle, and then descends
between the medial and lateral bellies of the tri-
ceps muscle, after which it courses through the
spiral groove of the humerus. About 10 cm proxi-
mal to the lateral epicondyle, the radial nerve
crosses from the dorsal aspect of the upper arm to
the volar aspect of the elbow through the lateral
intermuscular septum. Just anterior to the lateral
epicondyle, the nerve subdivides into a deep mo-
tor branch and a superficial sensory branch. The
deep motor branch penetrates the supinator
muscle and courses downward along the dorsal
aspect of the interosseous membrane. After it
leaves the supinator muscle, the deep motor
branch is referred to as the posterior interosseous
nerve. The superficial sensory branch of the radial
nerve follows the radial artery and innervates the
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Posterior interosseous nerve syndrome is a neuropathy caused by entrapment or compression of the radial nerve.
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dorsal aspect of the thumb as well as the index
finger and middle finger. At the level of the upper
arm, the radial nerve gives off motor branches,
which supply the triceps and anconeus muscles.
At the level of the elbow, before entering the supi-
nator muscle, the radial nerve gives off branches
to supply the brachioradialis, extensor carpi radia-
lis longus, extensor carpi radialis brevis, and supi-
nator muscles. Distal to the latter, the most com-
mon branching pattern of the radial nerve is to
the extensor digitorum, extensor carpi ulnaris,
extensor digiti minimi, abductor pollicis longus,
extensor pollicis brevis, extensor pollicis longus,
and extensor indicis muscles (5,32).

Definition

Posterior interosseous nerve syndrome, also re-
ferred to as deep radial nerve syndrome or supi-
nator syndrome, results from radial nerve entrap-
ment or compression at the level of the supinator
muscle, in the proximal forearm (Fig 8). The syn-
drome may be manifested clinically in two differ-
ent forms, with either pain or muscle weakness as
the leading symptom (33).

Origins

There are various sites at which compression of
the radial nerve may occur. The most common
site of nerve compression is at the proximal edge
of the supinator muscle. At this level, the arcade
of Frohse may be found. The arcade of Frohse, a
congenital variant that occurs in 30%—-50% of the
general population, is defined as a fibrous adhe-
sion between the brachialis and brachioradialis
muscles (32,34). Less common potential sites of
radial nerve compression include fibrous adhe-
sions and bands at the anterior radiohumeral joint
capsule, abnormal recurrent blood vessels that
cross the posterior interosseous nerve (leash of
Henry), an intermuscular septum between the
extensor carpi ulnaris and the extensor digitorum
minimi muscle, and fibrous adhesions at the mar-
gin of the extensor carpi radialis brevis muscle
and the distal margin of the supinator muscle
(35). Posterior interosseous nerve syndrome oc-
casionally is caused by overuse (eg, in athletes or
in violinists), external compression (eg, due to use
of crutches), radial head fracture, soft-tissue tu-
mors (ganglion, lipoma), septic arthritis, synovial
chondromatosis, or rheumatoid synovitis (34,36 —
42).
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Figure 8. Schematic
shows a posterior view
of the course of the ra-
dial nerve through the el-
bow, forearm, and hand.
The radial nerve (1)
divides at the level of
the elbow into the su-
perficial radial nerve (2)
and the posterior in-
terosseous nerve (3). In
posterior interosseous
nerve syndrome, the
most common site of
radial nerve compres-
sion is where the nerve
penetrates the supinator
muscle (4).

Clinical Findings

Patients with posterior interosseous nerve syn-
drome present predominantly with forearm pain,
a symptom that is nonspecific to posterior in-
terosseous nerve syndrome. Other patients with
posterior interosseous nerve syndrome describe
weakness of the extensor muscles as the leading
symptom. Since the superficial sensory branch of
the median nerve branches off above the sites of
compression in posterior interosseous nerve syn-
drome, no sensory disturbance or numbness is
present. There is pain in the proximal forearm
and tenderness in the nerve at the level of the su-
pinator muscle (34). There is no Tinel sign. A
typical hand position is seen in patients with pos-
terior interosseous nerve syndrome: Since the ex-
tensor muscles of the fingers are affected, it is dif-
ficult or impossible to maintain finger extension.
The fingers immediately droop in the palmar di-
rection as soon as external extension is voluntarily
ended. In addition, the hand deviates radially
during wrist extension, because of weakness of
the extensor carpi ulnaris muscle. Involuntary
wrist flexion in the palmar direction, which is seen
in complete radial nerve palsy, is not present in
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a.

Figure 9. DPosterior interosseous nerve syndrome in a 27-year-old woman with weakness of the extensor
muscles of the hand. (a) Axial T1-weighted SE MR image (320/10) in the proximal part of the forearm shows a
moderate loss of volume in the muscles (I = abductor pollicis longus, 2 = extensor digitorum, 3 = extensor
digiti minimi, 4 = extensor carpi ulnaris, 5 = extensor pollicis brevis and longus). R = radius, U = ulna.

(b) Corresponding T2-weighted STIR MR image (repetition time msec/echo time msec/inversion time msec,
4840/54/150) depicts edema in the muscles, all of which are innervated by the posterior interosseous nerve.

patients with posterior interosseous nerve syn-
drome (6). Incomplete forms of posterior in-
terosseous nerve syndrome occur in which only
several fingers droop, depending on which
muscles are affected (34). At electrodiagnostic
studies, a conduction block or a prolongation of
radial nerve conduction delays is seen at the site
of compression. However, the results of electrodi-
agnostic testing in many patients may be normal
or equivocal, and well-established electrophysi-
ologic criteria for diagnosis do not yet exist (34).
The differential diagnosis of posterior interosse-
ous nerve syndrome commonly includes lateral
epicondylitis, or tennis elbow, as well as other
chronic pain syndromes of the forearm (43).

MR Imaging Features

In most people, the radial nerve can be detected
easily on axial T'1-weighted images as a low-sig-
nal-intensity structure at the elbow joint, where
the nerve courses between the brachialis and bra-
chioradialis muscles (3). The posterior interosse-
ous nerve also may be identified more distally,
where it penetrates the supinator muscle. As a
result of compression, the posterior interosseous
nerve may be depicted with high signal intensity
on T2-weighted fat-suppressed or STIR images.
In patients with posterior interosseous nerve syn-
drome, direct visualization of a compressive ana-
tomic structure is seldom possible at MR imag-
ing. Occasionally, the arcade of Frohse may be

seen as a low-signal-intensity band at the proxi-
mal edge of the supinator muscle (1). However,
the diagnosis of posterior interosseous nerve syn-
drome is based primarily on the muscle denerva-
tion pattern, which may indicate the level of the
nerve lesion. In general, a proximal lesion affects
all muscles innervated by the radial nerve,
whereas a more distally located lesion may spare
muscles that are innervated by motor branches
given off more proximally to the lesion (19). In a
typical case of posterior interosseous nerve syn-
drome in which muscle weakness is the leading
symptom, the supinator, extensor digitorum, ex-
tensor carpi ulnaris, extensor digiti minimi, ab-
ductor pollicis longus, extensor pollicis brevis,
extensor pollicis longus, and extensor indicis
muscles may have abnormal signal intensity,
while the extensor carpi radialis muscle is spared
(Fig 9). The exact site of the lesion in such cases
may be determined even without direct visualiza-
tion of the anatomic structure that compresses the
posterior interosseous nerve. Controversy pres-
ently surrounds the question of what is the appro-
priate surgical therapy. However, in future, in-
formation gained with MR imaging may be of
considerable value for surgical planning and
management of posterior interosseous nerve
syndrome (6).
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Figure 10. Ulnar neuritis in a 67-year-old man with numbness in the ulnar aspect of the palm and in
the fingers. (a) Axial CT image shows an osteophyte in the medial aspect of the olecranon, at the level of
the ulnar sulcus (arrow). (b) Corresponding axial T2-weighted STIR MR image (4200/54/150) depicts
increased signal intensity in the ulnar nerve (arrow), a finding indicative of focal neuritis.

Entrapment Syn-
dromes of the Ulnar Nerve

The ulnar nerve arises from the medial cord of
the brachial plexus (C8 and T1). The nerve fol-
lows the brachial and axillary artery medially and
downward to the midportion of the humerus.
Subsequently, the nerve courses dorsally, pen-
etrates the medial intermuscular septum, de-
scends along the medial head of the triceps
muscle, and finally enters the cubital tunnel,
which is located at the medial condyle of the el-
bow. Distal to the cubital tunnel, the ulnar nerve
lies between the two heads of the flexor carpi ul-
naris muscle and courses distally between the
flexor carpi ulnaris and the flexor digitorum pro-
fundus muscles to the volar aspect of the wrist
(5). At the wrist, the ulnar nerve runs through the
Guyon canal. Distal to the Guyon canal, it subdi-
vides into superficial and deep motor branches.
The deep motor branch first courses laterally to
the hypothenar muscles and then proceeds medi-
ally, deep to the intrinsic muscles of the hand. At
the level of the upper arm, there are no muscles
innervated by the ulnar nerve. At the level of the
elbow, the ulnar nerve gives off motor branches to
the flexor carpi ulnaris and to the ulnar half of the
flexor digitorum profundus muscle. The radial
half of the latter is innervated by the anterior in-
terosseous nerve (see “Entrapment Syndromes of

the Median Nerve”). In the distal part of the fore-
arm, the ulnar nerve gives off a dorsal sensory
branch that innervates the ulnar aspect of the dor-
sum of the hand. In the palm, the superficial
branch innervates the palmaris brevis muscle, the
skin of the ulnar aspect of the palm, and the ulnar
side of the fourth and fifth fingers. The deep mo-
tor branch supplies the hypothenar muscles (ie,
abductor digiti minimi, flexor digiti minimi, and
opponens digiti minimi), the deep head of the
flexor pollicis brevis, the adductor pollicis, and
the dorsal and palmar interosseous muscles, as
well as the third and fourth lumbrical muscles of
the hand (44).

The neuropathies produced by entrapment of
the ulnar nerve include cubital tunnel syndrome
and Guyon canal syndrome.

Cubital Tunnel Syndrome

Definition.—Cubital tunnel syndrome is the sec-
ond most common peripheral neuropathy of the
upper extremity. Moderate compression of the
nerve within the cubital tunnel, such as occurs
due to physiologic decrease in cubital tunnel vol-
ume during elbow flexion, may be normal and
may not result in neuropathy (45). Cubital tunnel
syndrome arises from pathologic compression or
a lesion of the ulnar nerve within the cubital tun-
nel, where the nerve passes beneath the cubital
tunnel retinaculum (also known as the epicon-
dylo-olecranon ligament or Osborne band) (6).
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The neuropathies produced by entrapment of the ulnar nerve include cubital tunnel syndrome and Guyon canal syndrome.
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Figure 11. Cubital tunnel syndrome in a 44-year-old man with pain in the forearm while playing the transverse
flute. Axial T'1-weighted SE MR image (500/16) (a) and corresponding axial T2-weighted fat-suppressed SE MR
image (5340/58) (b) depict normal muscle volume but high signal intensity in the flexor carpi ulnaris (7 in a) and
flexor digitorum profundus (2 in a) muscles, respectively. Increased signal intensity in the ulnar nerve in b is indica-

tive of focal neuritis (arrow). R = radius, U = ulna.

Origins.—The possible causes of cubital tunnel
syndrome include overuse, subluxation of the ul-
nar nerve because of congenital laxity in the fi-
brous tissue, humeral fracture with loose bodies
or callus formation, an arthritic spur arising from
the epicondyle or olecranon, a muscle anomaly
(eg, an anconeus epitrochlearis muscle), a soft-
tissue mass, ganglion, osteochondroma, synovitis
secondary to rheumatoid arthritis, infection (eg,
tuberculosis), and hemorrhage. Other possible
causes include acute or chronic external compres-
sion (eg, “sleepy palsy,” perioperative damage),
trauma (eg, from use of a jackhammer), and com-
pression by a thickened retinaculum (or arcuate
ligament) of the flexor carpi ulnaris muscle
(6,46,47).

Clinical Findings.—Patients typically experi-
ence pain in the medial aspect of the elbow, and
the pain usually worsens with elbow flexion. In
addition, patients may have paresthesia or numb-
ness in the ulnar aspect of the palm and in the
fingers. Many also experience weakness that af-
fects all the muscles that are innervated by the
ulnar nerve. Physical examination reveals tender-
ness over the cubital tunnel. The ulnar nerve may
undergo subluxation during palpation at the me-
dial epicondyle. Typically, a clawlike position of
the hand is seen in patients with ulnar nerve le-

sions. Cutaneous sensation is impaired in the ul-
nar sensory area. The results of electrodiagnostic
testing may indicate either a decrease in nerve
conduction velocity or a complete failure of nerve
conduction at the elbow. Discriminative testing of
the ulnar nerve may help determine the precise
location of the lesion (2).

MR Imaging Features.—Within the cubital
tunnel, the normal ulnar nerve is most visible pos-
terior to the medial epicondyle on axial T1-
weighted MR images, on which it appears as a
round hypointense structure surrounded by fat.
In patients with cubital tunnel syndrome, the
nerve may appear with increased signal intensity
on images acquired with T2-weighted or STIR
sequences (Fig 10). Ulnar nerve dislocation is
perhaps most clearly seen on axial images ac-
quired during elbow flexion (3). In the presence
of nerve entrapment, MR images may depict os-
teoarthritis, synovitis, bone and muscle anoma-
lies, or masses as the cause of the syndrome. MR
imaging findings indicative of ulnar muscle dener-
vation include edema or fatty atrophy of the flexor
digitorum profundus, flexor carpi ulnaris (Fig
11), and any of the ulnar intrinsic muscles of the



RadieGraphics

1280 September-October 2006

hand. MR images of the elbow region often are
obtained to substantiate the clinical diagnosis or
determine the cause of cubital tunnel syndrome
or of failed ulnar nerve transposition surgery (6).
In addition, MR imaging of the cervical spine, the
brachial plexus, the thoracic outlet, and the upper
arm and forearm (including the wrist and hand)
may be performed to rule out the so-called
double-crush phenomenon in some patients. In
the presence of the double-crush phenomenon,
compression at one point along a nerve causes an
increased susceptibility to compression neuropa-
thy along the entire course of the nerve (34).

Guyon Canal Syndrome

Definition.—Guyon canal syndrome results
from a lesion of the ulnar nerve at the level of the
Guyon canal (also called the pisohamate tunnel)
(Fig 12). The roof of the Guyon canal consists

of the palmar carpal ligament, the palmaris brevis
muscle, and the origins of the hypothenar mus-
cles. The tendons of the flexor digitorum
profundus, the transverse carpal ligament, the
pisohamate and pisometacarpal ligaments, and
the opponens digiti minimi form the floor of the
Guyon canal. The medial border includes the
pisiform bone and the flexor carpi ulnaris tendon.
The lateral wall consists of the tendons of the ex-
trinsic flexors, the transverse carpal ligament, and
the hook of the hamate. The Guyon canal begins
at the proximal edge of the volar carpal ligaments
and ends at the fibrous arch of the hypothenar
muscles (48,49).

Origins.—Possible causes of ulnar nerve lesions
at the Guyon canal include ganglia, lipomas, and
other cysts; anomalies of ligaments or muscles;
ulnar artery aneurysms; fractures of the radius,
pisiform bone, hook of the hamate, or other wrist
bones; and chronic repetitive trauma, as in
handlebar palsy in cyclists (44,50-58).

Clinical Findings.—Patients experience wrist
pain, sensory abnormalities, and muscle weakness
that affects the fingers. In Guyon canal syndrome,
symptoms depend on the site of the lesion in re-
gard to the ulnar nerve bifurcation. The most
common lesion (type 1 lesion) is found in a site
proximal to the Guyon canal and is characterized
by sensory loss combined with weakness of all
ulnar intrinsic hand muscles. An isolated lesion of
the deep motor branch in a location immediately
distal to the bifurcation (type 2 lesion) affects all
ulnar intrinsic hand muscles but produces no sen-
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Figure 12.
Schematic pro-
vides a palmar
view of the course
of the ulnar

nerve (1) as it
passes through
the Guyon canal,
which is located
between the pisi-
form bone (2)
and the hook of
the hamate (3).
In addition to the
ulnar nerve, the
Guyon canal con-
tains the ulnar
artery (4), fat,
and, occasionally,
veins. 5 = median
nerve, 6 = radial
artery.

sory loss. A lesion of the deep motor branch in a
location distal to the hypothenar branches (type 3
lesion) affects the interosseous and lumbrical
muscles but spares the hypothenar muscles. Sen-
sory loss without weakness is indicative of an iso-
lated lesion of the superficial branch (type 4 le-
sion) (44,46). Physical examination typically re-
veals tenderness during percussion over the ulnar
nerve at the wrist, particularly in patients in
whom sensory fibers of the ulnar nerve are af-
fected. The result of two-point discrimination
and sensation tests may be abnormal at the ulnar
aspect of the fourth and fifth fingers. The result of
sensory testing at the dorsum of the hand is nor-
mal, since this area is innervated by the dorsal
branch of the ulnar nerve. Weakness or atrophy of
intrinsic hand muscles also may be present, de-
pending on the site of the lesion and the corre-
sponding muscle denervation pattern. Decreased
strength during pinching and gripping, and an
abduction deformity of the small finger (also
known as Wartenberg sign of the ulnar nerve),
also may be observed. The results of electrodiag-
nostic testing reveal prolonged distal motor la-
tency or conduction failure along the ulnar fibers
to the hypothenar muscles or the first dorsal in-
terosseous muscle, combined with a normal sen-
sory response of the dorsal ulnar nerve (2). The
differential diagnosis includes abnormalities of
the ulnar artery, more proximal ulnar neuropa-
thies (eg, cubital tunnel syndrome, thoracic outlet
syndrome, cervical radiculopathy), amyotrophic
lateral sclerosis, focal motor neuron myelopathy,
syringomyelia, and Pancoast tumor (6,59).
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Figure 13. Ulnar nerve compression due to a ganglion cyst in the hand of a 57-year-old man. (a) Axial inter-
mediate-weighted MR image (3500/40) at the level of the hook of the hamate (H) shows a hyperintense gan-
glion cyst (*). (b) Corresponding axial T'1-weighted SE MR image (420/11) demonstrates the location of the
ganglion cyst (*) next to the hook of the hamate (H) and near the ulnar nerve (arrow). (c¢) Axial intermediate-
weighted MR image (3500/40) at the level of the metacarpal bones shows increased signal intensity in the ad-
ductor pollicis (small arrows) and in all the interosseous muscles (large arrows). (d) Sagittal T1-weighted SE
MR image (540/12) at the level of the hook of the hamate (H) depicts the ulnar nerve (large arrow) and its bi-
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furcation into a superficial sensory branch (small arrow) and a deep motor branch (arrowhead).

MR Imaging Features.—T 1-weighted se-
quences are best suited for identifying the ulnar
nerve within the Guyon canal. On T1-weighted
images, the nerve appears as a round or ovoid
structure surrounded by a small amount of fat.
The bifurcation of the ulnar nerve normally is
well depicted, and the course of both branches
can be followed distally (3). In patients with ulnar
nerve lesions in the Guyon canal, the size and sig-
nal intensity of the nerve should be assessed. MR
imaging may help exclude the presence of a mass
lesion and may demonstrate compression by an
anomalous or accessory muscle or fibrous band
(3). Furthermore, MR imaging is an excellent
method for detecting abnormalities in the intrin-
sic hand muscles (Fig 13). The pattern of muscle
abnormalities seen at MR imaging correlates well
with the pattern of clinical findings of muscle de-
nervation.

Nonentrapment Neuropathies
Apart from the anatomically defined locations in
which compression neuropathies (entrapment
syndromes) occur, peripheral neuropathies may
occur at any site along the course of the median,

ulnar, and radial nerves. Nonentrapment neu-
ropathies are peripheral neuropathies that are not
caused by nerve impingement at predisposed ana-
tomic locations. Nonentrapment neuropathies
include neuropathies due to nerve injuries and
infections, inflammatory demyelinating polyra-
diculoneuropathies, and polyneuropathies and
neuropathies caused by masses.

Nerve Injuries

Most patients with an acute peripheral nerve in-
jury are not referred for MR imaging. Patients in
whom acute nerve transection is diagnosed on the
basis of clinical history combined with the results
of physical and electrodiagnostic examinations
usually undergo surgery. However, many injuries
do not result in transection of the nerve (1). In
patients without nerve transection, it may be diffi-
cult for clinicians to distinguish between nerve
lesions that recover on their own (neurapraxic
and axonotmetic lesions, according to the Seddon
classification system) and nerve lesions that do
not recover spontaneously and may require sur-
gery (neurotmetic lesions). MR imaging can aid
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differentiation between axonotmetic and neurot-
metic lesions on the basis of nerve and muscle
signal intensity characteristics at different time
intervals after nerve injury (57). In axonotmetic
lesions, with axonal regeneration over time, there
is a complete remission of any abnormality of ei-
ther the nerve or the innervated muscle. The
length of time needed for axonal regeneration
may vary, depending on the severity of the nerve
lesion. In contrast, MR abnormalities in neurot-
metic lesions do not resolve over time, because
the nerve does not regenerate (8,11). A typical
electrodiagnostic finding in neurapraxic nerve
lesions is focal blockage or slowing of nerve con-
duction. Motor unit action potentials may be nor-
mal. Typical MR imaging findings in neurapraxic
nerve lesions are a focal increase in nerve signal
intensity on T2-weighted and STIR images, com-
bined with moderate or no abnormalities in
muscle signal intensity. In axonotmetic nerve le-
sions, a deficit of nerve conduction distal to the
injury is observed initially at electrodiagnostic
testing and gradually reaches its peak after 1-2
weeks. Axonotmetic lesions recover within several
weeks after axonal regeneration. Typical MR im-
aging findings in axonotmetic lesions include
transient increases in nerve signal intensity distal
to the site of injury on T2-weighted and STIR
images, followed by normalization of the nerve
signal intensity with axonal regeneration. In addi-
tion, transient signs of muscle denervation may
appear as early as 24—48 hours after injury, find-
ings that normalize gradually with muscle rein-
nervation. At electrodiagnostic testing, axonal
degeneration in neurotmetic lesions typically is
manifested as a persistent absence of nerve con-
duction distal to the injury. At MR imaging, in-
creased nerve signal intensity on T2-weighted and
STIR images disappears very late, and transient
muscle denervation signs (eg, neurogenic edema)
typically are followed by muscle volume reduction
and fatty atrophy of muscle (1).

The increased signal intensity seen in injured
peripheral nerves on T2-weighted and STIR im-
ages may reflect endoneurial or perineurial edema
as a result of changes in the blood-nerve barrier;
changes in water content due to altered axoplas-
mic flow; inflammation, as evidenced by a macro-
phage response; or the presence of axonal and
myelin breakdown products (60,61). MR imaging
of acute nerve injuries and nerve recovery may
advance in future through the use of new MR im-
aging techniques and contrast agents (eg, small
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superparamagnetic iron oxide particles) that may
enable the depiction of macrophage activity in
injured nerves (61). Together these techniques
may aid clinicians in deciding between surgery
and conservative management.

Infections

Various viral and bacterial infectious agents may
cause a neuropathy in which the clinical symp-
toms mimic those of a focal nerve disturbance.
The most common infectious agents include hu-
man immunodeficiency virus, varicella-zoster vi-
rus, herpes simplex virus, poliomyelitis virus, and
cytomegalovirus. Bacterial infections such as lep-
rosy, tuberculosis, and diphtheria also may lead
to neuropathic manifestations. Clinical history,
physical examination, and laboratory testing are
the keys to diagnosis. MR imaging has no utility
for evaluating peripheral nerves in patients with
infectious neuropathies.

Inflammatory Demyelin-

ating Polyradiculoneuropathies
Inflammatory demyelinating polyradiculoneu-
ropathies are immune-mediated neuropathies
characterized by multiple foci of demyelination
and axonal degeneration of peripheral nerves.
The classification of inflammatory demyelinating
neuropathies is based on whether their onset is
acute or chronic.

The most common acute inflammatory demy-
elinating polyradiculoneuropathy is Guillain-
Barré syndrome, which is manifested with rapidly
progressive muscle weakness and hyporeflexia.
The legs are usually affected first, with subse-
quent ascending involvement of the arms and the
face. In patients with Guillain-Barré syndrome,
MR imaging of the spine and cauda equine may
show nerve root enhancement or mild enhance-
ment of intrathecal nerve roots after the adminis-
tration of a gadolinium compound. This enhance-
ment corresponds to the characteristic perineurial
inflammatory and demyelinating processes of
Guillain-Barré syndrome (62).

Several forms of chronic inflammatory demy-
elinating polyradiculoneuropathy (CIDP) have
been described. They are named, according to the
associated clinical manifestations and symptoms,
as follows: classic CIDP, sensory CIDP, multifo-
cal acquired demyelinating sensory and motor
neuropathy, distal acquired demyelinating sen-
sory neuropathy, and multifocal motor neuropa-
thy with or without conduction block (63). These
conditions differ not only in their clinical manifes-
tations but also in their electrophysiologic and
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Figure 14. Multifocal motor neuropathy in a 45-year-old female patient with nonspecific muscle
weakness of the right arm. (a, b) Coronal fat-suppressed STIR image (5300/32/150) (a) and cor-
responding T'1-weighted SE image (440/8) (b) show increased signal intensity and thickening, re-
spectively, of the right brachial plexus (arrows). (¢, d) Axial T2-weighted fast SE image (4000/100;
echo train length, 12) (¢) and corresponding T1-weighted SE image (620/9) (d) depict edema and
atrophy of the supinator muscle (large arrow). Parts of the extensor muscles (small arrows in ¢)
also are involved. R = radius, U = ulna.

laboratory features and their responses to treat-
ment. However, the classification system is still
being developed as advanced laboratory analyses
lead to a better understanding of these complex
neurologic disorders (64). To date, only a few
subtypes of CIDP have been investigated with
MR imaging. This section provides a brief over-
view of the MR imaging characteristics of classic
CIPD, multifocal motor neuropathy, and CIDP
coincident with monoclonal gammopathy.

MR imaging characteristics of classic CIDP are
similar to those of multifocal motor neuropathy.
Classic CIDP is characterized by a progressive
symmetric weakness of the limbs, whereas multi-
focal motor neuropathy has an asymmetric distri-
bution (Fig 14). Increased signal intensity of the
affected nerves may be observed on T2-weighted
or STIR images (a finding that may be associated
with diffuse nerve swelling), and contrast en-
hancement of the nerves may be observed on T1-
weighted images after the intravenous administra-

tion of a gadolinium chelate (65). The pathologic
substrate of these MR imaging findings is not
known; however, signal intensity abnormalities
may result from demyelination or increased per-
meability of the blood-nerve barrier, while nerve
swelling may be caused by inflammation and
edema (65). In classic CIDP, onion bulb-type
hypertrophic changes due to repetitive demyelina-
tion and remyelination also may be observed
along the course of the median, radial, and ulnar
nerves on MR images (66).

CIDP also may occur in association with
monoclonal gammopathy of unknown signifi-
cance. It may be difficult on the basis of clinical
findings in some patients to distinguish between
CIDP associated with monoclonal gammopathy
of unknown significance and a distal demyelinat-
ing peripheral neuropathy. In these patients, MR
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Figure 15. Schwannoma of the ulnar nerve in a 59-year-old woman. Axial T2-weighted fast SE MR
image (4060/90) (a) and corresponding contrast-enhanced T'1-weighted fat-suppressed fast spoiled gra-
dient-recalled-echo MR image (205/3) (b) demonstrate a fusiform mass (arrow) at the location of the

ulnar nerve in the forearm.

images may depict the proximal distribution pat-
tern of the nerve abnormalities, which is charac-
teristic of CIDP associated with monoclonal gam-
mopathy and is not seen in distal demyelinating
peripheral neuropathies (64). Typical findings at
MR imaging of the spine, brachial plexus, and
proximal median, radial, and ulnar nerves include
increased signal intensities on T2-weighted or
STIR images and swelling of the nerve roots, bra-
chial cord, and proximal nerves. Contrast en-
hancement of the nerves usually is not seen (64).

Polyneuropathies

Polyneuropathies are differentiated on the basis of
the location of the lesion, which may affect the
perikaryon of the nerve cells (in the presence of a
high concentration of mercury, aluminum, or
cadmium, or with medications such as adriamy-
cin and vincristine); the axon (in patients with
diabetes mellitus, ethanol intoxication, uremia, or
a deficiency of thiamin or pyridoxine); the nerve
sheath (in patients with sphingolipidosis, parapro-
teinemia, or a hereditary neuropathy such as
Charcot-Marie-Tooth disease); and the soft tissue
that surrounds the peripheral nerves (in patients
with vasculitis or a metabolic disease). In patients
with a polyneuropathy, MR imaging of the brain
or the spine may reveal involvement of the central

nervous system. MR imaging of the peripheral
nerves is not well established. However, MR im-
aging of the arm may show muscle abnormalities
associated with axonal neuropathies. Typical MR
imaging findings are increased muscle signal in-
tensity on T'1-weighted images (a result of fatty
muscle degeneration due to chronic denervation)
and on T2-weighted images (a result of acute or
subacute muscle degeneration) (67).

Mass Lesions

Mass lesions of peripheral nerves may be classi-
fied as lesions that originate from nerve or nerve
sheath cells (ie, benign and malignant neurogenic
tumors) or as lesions that originate from sur-
rounding soft tissues. Benign neurogenic tumors
include schwannomas (also called neurilemomas)
(Fig 15); neurofibromas; fibrolipomatous hamar-
tomas (also referred to as neural fibrolipomas,
lipofibromas, encapsulated neuromas, or macro-
dystrophia lipomatosa); traumatic neuromas; and
nerve sheath ganglia. Malignant peripheral neuro-
genic tumors are broadly classified under the um-
brella term malignant peripheral nerve sheath tu-
mors. Malignant peripheral nerve sheath tumors
include malignant schwannomas, malignant tri-
ton tumors, malignant neurilemomas, neurilemo-
sarcomas, neurofibrosarcomas, neurogenic sarco-
mas, and neurosarcomas (68). Mass lesions that
may originate from surrounding soft tissues in-
clude ganglia and other cysts, enlarged lymph
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c.

Figure 16. Histologically proved intramuscular lipoma in a 59-year-old man with swelling in the proximal part of
the forearm and numbness in the ulnar aspect of the hand. (a, b) Axial T1-weighted SE MR image (460/14) (a) and
T2-weighted fast SE MR image (2740/88; echo train length, 12) (b) at a proximal level in the forearm show an atypi-
cal lipoma within the flexor digitorum profundus muscle (7). The mass laterally displaces the flexor digitorum super-
ficialis (2), flexor carpi ulnaris (3), palmaris longus (4), and flexor carpi radialis (5) muscles, as well as the ulnar
nerve (arrow). R = radius, U = ulna. (¢) Corresponding contrast-enhanced T1-weighted fat-suppressed SE MR im-
age (420/14) shows inhomogeneous contrast enhancement of the lipoma.

nodes, lipomas (Fig 16), hemangiomas, and other
benign or malignant soft-tissue tumors, as well as
metastases from malignancies such as melanoma
or breast cancer.

Summary
A broad variety of peripheral neuropathies may
affect the median, radial, and ulnar nerves. Al-
though a thorough clinical examination, com-
bined with electrophysiologic studies, remains the
cornerstone of the diagnostic work-up of periph-
eral neuropathies, in certain cases MR imaging
may provide useful information with regard to the
exact anatomic location of the lesion or may aid
in narrowing the differential diagnosis. In patients
with peripheral neuropathy, MR imaging may
establish the origins of the condition and provide
information crucial for management or surgical
planning.

Acknowledgment: The authors thank Peter Roth for
producing the schematics.
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A normal nerve on T1-weighted images appears as a smooth round or ovoid structure with an MR
signal that is isointense to that in adjacent muscle. A rim of hyperintense signal often surrounds
peripheral nerves. The T1-weighted sequence, when applied after the administration of an
extracellular gadolinium-based contrast agent, can be useful for demonstrating the anatomic
relationship of nerve fascicles to closely associated mass lesions (see the section “Mass Lesions” in
this article).
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STIR sequences are particularly sensitive in depicting muscle edema (5,7). Neurogenic muscle edema
occurs in acute and subacute stages of denervation and results in prolongation of the T2 relaxation
time at MR imaging with T2-weighted or STIR sequences as early as 24-48 hours after denervation.
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Neuropathies caused by entrapment of the median nerve include the supracondylar process
syndrome, pronator syndrome, anterior interosseous nerve syndrome, and carpal tunnel syndrome.

Page 1275
Posterior interosseous nerve syndrome is a neuropathy caused by entrapment or compression of the
radial nerve.

Page 1278
The neuropathies produced by entrapment of the ulnar nerve include cubital tunnel syndrome and
Guyon canal syndrome.



