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Neuropathic symptoms involving the wrist are a common
clinical presentation in both the subspecialty and prima-
ry care settings.1,2 A detailed history and physical exam-
ination are often all that is needed for clinicians to
identify the suspected lesion site. However, clinical pre-
sentations are not always stereotypical and may require
further investigation. Electrodiagnostic testing can pro-
vide important information regarding the suspected le-
sion site, the physiologic degree of nerve injury, and the
status of motor end plates, but it offers little anatomical
information relevant to multiple causes of neuropathy
and can provide confusing or misleading results in fas-
cicular lesions.3–6 Imaging is often performed as an
adjunct to verify the suspected diagnosis, help identify
a cause for nerve symptoms, and plan potential surgical
intervention. In the wrist, both magnetic resonance im-
aging (MRI) and ultrasonography (US) can be used for
nerve evaluation, with both modalities providing advan-
tages depending on the suspected lesion site and patho-
logic condition.7,8

This article reviews nerve anatomy and multimodality
imagingof the nerves of thewrist.We describe both common
and uncommon causes of neuropathy and highlight the use
of imaging in the diagnosis of carpal tunnel syndrome (CTS)
and ulnar neuropathy at the wrist.

Nerve Imaging: General Considerations

Nerves are highly ordered structures consisting of bundled
fascicles with surrounding fat. In the wrist, this fascicular
macrostructure is most clearly demonstrated when imaging
the larger median and ulnar nerves.

On MRI, nerves are intermediate signal on T1- and T2-
weighted sequences and do not enhance. Because of the
presence of perifascicular fat, nerves are often more readily
identified on T1/proton-density (PD) images than on fat-
suppressed images; T1/PD sequences can serve as a helpful
roadmap during side-by-side image interpretation with T2-
weighted fat-suppressed images. In general, nerves travel in
fairly predictable locations and demonstrate a consistent
caliber until they branch (►Fig. 1). MRI findings of nerve T2
signal hyperintensity, fascicular enlargement, loss of the
normal fascicular appearance, or blurring of the perifascic-
ular fat suggest abnormality. Heavily T2-weighted sequences
with fat suppression optimize the identification and evalua-
tion of small nerves and increase the conspicuity of T2 signal
abnormalities.

However, because of the known magic angle effect on
nerves, not all T2 signal alterations are pathologic, and unlike
tendons, these orientation-dependent changes in signal in-
tensity can persist at higher echo times and on short tau
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Abstract
Neuropathic symptoms involving the wrist are a common clinical presentation that can
be due to a variety of causes. Imaging plays a key role in differentiating distal nerve
lesions in the wrist from more proximal nerve abnormalities such as a cervical
radiculopathy or brachial plexopathy. Imaging complements electrodiagnostic testing
by helping define the specific lesion site and by providing anatomical information to
guide surgical planning. This article reviews nerve anatomy, normal and abnormal
findings on ultrasonography and magnetic resonance imaging, and common and
uncommon causes of neuropathy.
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inversion recovery sequences. A study on the effect of magic
angle on 3-T MR neurography by Kästel et al, however,
showed that increases in intraneural T2 signal related to
magic angle were relatively mild compared with intraneural
T2 signal changes in patients with clinical and electromyog-
raphy (EMG)/nerve conduction velocity documented neuri-
tis.9 Nonetheless, angle-specific signal changes must be kept
in mind when interpreting MR images, particularly when
increased nerve signal intensity is the sole abnormality.

On US, nerves demonstrate a fascicular architecture with
hypoechoic nerve fascicles separated by hyperechoic septae
representing the interfascicular perineurium. The normal
nerve demonstrates a smooth contour without areas of focal
enlargement and does not demonstrate intraneural hyper-
vascularity. Pathologic findings on US include loss of the
normal fascicular architecture, intraneural hypervascularity,
hypoechoic appearance of the nerve, and nerve enlargement.

US of nerves should be performed with a high-frequency
linear transducer to allow for detailed evaluation. US pro-
vides several advantages over MRI, including higher spatial
resolution that can be helpful when evaluating very small
structures. US also allows for dynamic evaluation that can be
important when assessing normal nerve gliding and the
physiologic effect of perineural scarring. Although it has

not been studied extensively, disadvantages of US are that
it is likely less sensitive for mild nerve abnormalities (which
would demonstrate T2 signal hyperintensity without nerve
enlargement on MRI), and it is not as sensitive for associated
muscle denervation changes that can provide clues to the
suspected lesion site.

Median Nerve

Anatomy
The median nerve is a terminal branch of the brachial plexus
and receives contributions from the medial and lateral cords
and the C5, C6, C7, C8, and T1 nerve roots. In the upper arm,
the median nerve travels medial to the axillary and brachial
arteries. At the elbow, the nerve travels between the humeral
and ulnar heads of the pronator teres before giving off the
anterior interosseous nerve. In the forearm, the median
nerve travels between the flexor digitorum profundus and
flexor digitorum superficialis muscles before taking a more
superficial position in the distal forearm. The median nerve
usually enters the carpal tunnel radially, either superficial to
the flexor digitorum superficialis tendons or between the
flexor digitorum superficialis and flexor pollicis longus
tendons, although nerve positioning may vary.10 The roof

Fig. 1 (a–c) Expected locations of nerves in the forearm and wrist at different levels delineated by the dashed gray lines (d), a three-dimensional
computed tomography reformat. Dashed white circle, median nerve; dotted white circle, ulnar nerve that divides into deep and superficial
branches, seen in (c); small solid circle, palmar cutaneous branch of median nerve; gray circle, superficial sensory branch of radial nerve;
concentric white circles, distal portion of posterior interosseous nerve.
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of the carpal tunnel is the flexor retinaculum, also known as
the transverse carpal ligament, that attaches to the scaphoid
and triquetrum proximally and the trapezium and hamate
distally. The floor of the carpal tunnel is made up of the
proximal and distal carpal rows. The carpal tunnel is nar-
rowest close to the carpal tunnel outlet.

The median nerve commonly gives off a palmar cutaneous
branch � 5 to 7 cm proximal to the radiocarpal joint. The
palmar cutaneous branch originates from the radial aspect of
themedian nerve and travels between theflexor carpi radialis
tendon and the palmaris longus tendon. This nerve enters the
hand superficial to the carpal tunnel and provides sensory
innervation to the volar hand over the thenar eminence.11

There arenumerousmediannervebranchingpatterns at and
distal to the carpal tunnel.12 It is important to be aware of
variations in the course of the recurrent motor branch that
innervates most of the thenar intrinsic muscles. These muscles
include the abductor pollicis brevis, superficial head of the
flexor pollicis brevis, and opponens pollicis (►Fig. 2). The
mostcommonbranchingpattern (46–90%) is extraligamentous.
In this pattern, the recurrent motor branch divides from the
median nerve distal to theflexor retinaculum off the radial side
at or just distal to the originof the commonpalmardigital nerve
to the thumb. The nerve can also originate deep to the flexor
retinaculum and travel distal to the flexor retinaculum (sub-
ligamentous) or through the flexor retinaculum (transligamen-
tous) before innervating the thenar muscles. Rarely, the
recurrent branch can originate from the ulnar aspect of the
median nerve distal to the carpal tunnel. Accessory motor
branches can also be present.12,13

Within the carpal tunnel, the median nerve can also have
a variable appearance. An early bifurcation of the median
nerve or bifidmedian nerve is a common anatomical variant.
Some studies showed an increased prevalence of a bifid
median nerve in patients with CTS compared with volun-
teers; other studies showed a similar prevalence.14,15 The
prevalence of a bifid median nerve in these studies ranges
from 10% to 20%. A persistent median artery is a common
vascular variant occurring in� 10 to 15% of the population.16

Studies show an increased prevalence of this variant in cases
of bifid median nerve, where it occurs in � 45 to 65% of
cases.14,17

Normal Imaging Appearance
Themedian nerve iswell evaluatedwith either US orMRI. On
US, the normal median nerve has maintained fascicular
architecture and a consistent caliber as it travels through
the distal forearm and carpal tunnel. Toggling the transducer
causes the adjacent flexor tendons to undergo anisotropy
while the nerve maintains a more consistent echogenicity.
US evaluation of the median nerve should include cross-
sectional area measurements at the level of the proximal
third of the pronator quadratus andwithin the carpal tunnel.
The normal median nerve demonstrates a mean cross-sec-
tional area (CSA) of 9mm2 within the carpal tunnel and a
change in CSA<2mm2 when comparing the CSA in the
carpal tunnel with that of the distal forearm.18

OnMRI, the normal median nerve demonstrates interme-
diate T1 and T2 signal with maintained internal fascicular
architecture and smooth contour without caliber change as it
courses through the distal forearm and carpal tunnel. Studies
showed the CSA of the median nerve measured on MRI to be
consistently larger than US and to better correlate with
cadaveric measurements.19 A recent study showed average
CSA of the median nerve just proximal to the carpal tunnel
inlet to be � 11.2mm2 in asymptomatic patients.20

Carpal Tunnel Syndrome
CTS is the most common compressive neuropathy in the
upper extremity and accounts for>500,000 surgical proce-
dures performed annually in the United States.21 Patients
commonly present with paresthesia and/or intermittent
numbness in the median nerve distribution of the hand
and can have pain in the thenar eminence. Nocturnal symp-
toms are common, and patients frequently complain of
painful nighttime paresthesias. In advanced cases, patients
may demonstrate constant numbness and weakness with
associated atrophy of the thenar musculature. Symptoms
usually worsen during the night. Early diagnosis and treat-
ment is key to preventing irreparable median nerve damage
and permanent sensory and motor changes. Initial nonoper-
ative management often consists of nighttime splinting
and/or nerve glide exercises.22 Corticosteroid injections
can act as both a therapeutic and diagnostic tool. Patients
who fail to respond to conservative management or present

Fig. 2 A 31-year-old man with progressive weakness and thenar muscle atrophy. (a) Axial T2 fat-suppressed image in the distal forearm
demonstrates hyperintense signal of some median nerve fascicles (white arrow). (b) Axial T2-fat-suppressed image at the level of the carpal
tunnel also demonstrates hyperintense signal of some median nerve fascicles (white arrow), as well as denervation edema of the thenar muscles
(white asterisk). (c) Axial T2 fat-suppressed image distal to the carpal tunnel demonstrates hyperintense signal of the recurrent motor branch of
the median nerve (white arrow). At surgery, the nerve was found to be compressed by the palmar fascia, which was surgically released.
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with weakness and significant sensory changes are treated
with carpal tunnel release that can be performed using open
or endoscopic techniques.

Although CTS ismainly a clinical diagnosis, electrodiagnos-
tic testing canbehelpful in confirming the diagnosis, aswell as
assessing the severity of nerve injury and ruling out other
processes such as cervical radiculopathy or a more diffuse
polyneuropathy.23 Although previously considered the gold
standard for establishing the diagnosis of CTS, studies show
electrodiagnostic testing to have false positives and false
negatives, and many clinicians do not routinely order electro-
diagnostic testing in clinically unambiguous cases.24,25

US of the median nerve has been studied extensively in
cases of suspected CTS.26,27 A 2014 article comparing US
with electrodiagnostic testing using a clinical tool as the
reference standard showed US to have a sensitivity of 89%
and specificity of 90% compared with 89% and 80% for
electrodiagnostic testing.26 Numerous imaging criteria
have been described in the literature for evaluating median
nerve size and morphology.18,28 In general, CTS results in
enlargement of the median nerve CSA within the carpal
tunnel. A 2009 article by Klauser et al showed that using a
CSA threshold of 12mm2 in the carpal tunnel resulted in a
sensitivity of 94% and specificity of 95% in identifying
patients with CTS using electrodiagnostic testing as a gold
standard.18 In the same study, a threshold of 10mm2 resulted
in 100% sensitivity but only 57% specificity. Importantly, the
same study also looked at the differences in CSA within the
carpal tunnel compared with at the level of the proximal
pronator quadratus in the distal forearm. Patients with CTS
demonstrated a change in CSA of 7.4mm2 on average versus
0.25mm2 in healthy volunteers. Using 2mm2 as a threshold
resulted in a sensitivity of 99% and specificity of 100% in
identifying patients with CTS (►Fig. 3). These are the criteria
used predominantly in our practice.

A follow-up study in 2015 showed the degree of increased
CSAwithin the carpal tunnel comparedwith at the level of the

pronator quadratus to correlate well with the severity of
disease on nerve conduction studies.29 Assessment of nerve
CSA can be complicated if there is bifid median nerve mor-
phology. In these cases, CSA can be calculated by manually
tracing both nerve components and adding the areas together.
Using a nerve CSA of 12mm2 in the carpal tunnel results in a
sensitivity of 83 to 87%, although a specificity of only 43 to
50%.30 Comparing the CSA of a bifid median nerve within the
carpal tunnel versus at the level of the proximal pronator
quadratus, however, yields better results. Using a change in
CSA threshold of 4mm2 results in a sensitivity of 93% and a
specificity of 93 to 96% in identifying patients with CTS.30

Other imaging signs have been evaluated in the setting of
CTS. Palmar bowing of the flexor retinaculum has been
measured at the level of the hamate and trapezium. Studies
presented mixed results with one study showing 2mm of
palmar bowing to have a 44% sensitivity and 85% specificity
in identifying patients with CTS.31,32 Other studies showed
palmar bowing at the carpal tunnel inlet (between the
scaphoid and pisiform) to be a specific sign of CTS with a
threshold of 1mm demonstrating a specificity of 97%.28

Median nerve hypervascularity on Doppler US is a specific
although insensitive sign of CTS, with one study demonstrat-
ing a sensitivity of 69% and specificity of 95%.32 Flattening
ratio is the length of the major nerve axis divided by the
minor axis and can be measured at either the proximal or
distal carpal tunnel. Cutoffs of 2.5 and 3 have been used, and
in general, flattening ratio is not a sensitive or specific sign
for identifying cases of CTS.28,31,32 Median nerve CSA can
also be measured just distal to the carpal tunnel outlet with
one study showing a CSA>14mm2 to have a sensitivity of
64% and specificity of 100% in identifying cases of CTS.28

MRI is less commonly performed for suspected CTS and
has been less extensively studied than US. Compression of
the median nerve in the carpal tunnel leads to vascular
congestion, neural edema, and a blockage of axoplasmic
flow, contributing to T2 hyperintense signal (►Fig. 4).33

Fig. 3 A 71-year-old man with pain in the median nerve distribution and concern for carpal tunnel syndrome. (a) Transverse ultrasonography
(US) image at the level of the proximal pronator quadratus (PQ) demonstrates a median nerve cross-sectional area of 7.5mm2. ROI, region of
interest. (b) Transverse US image at the level of the carpal tunnel demonstrates a flattened appearance of the median nerve with cross-sectional
area of 14mm2. The difference of> 2mm2 in the cross-sectional area suggests carpal tunnel syndrome with high sensitivity and specificity.
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Increased median nerve signal relative to the signal of the
hypothenar muscles was shown to occur more commonly in
patients with carpal syndrome than controls with a signal
intensity ratio threshold of 1.05 demonstrating a sensitivity
of 88% and specificity of 68% for identifying positive cases.20

A median nerve CSA of either 15mm2 just proximal to the
carpal tunnel inlet or 15mm2 just distal to the carpal tunnel
outlet provides a sensitivity of 100% and a specificity of 94%
in diagnosing CTS.20

Both MRI and US can be used to identify secondary
causes of CTS. Space-occupying lesions causing CTS occur
in � 3% of cases with causes including radial or ulnar
bursitis, radiocarpal synovitis, anomalous muscles, gout,
and masses such as ganglion, lipoma, fibroma of the tendon
sheath, and tumoral calcinosis (►Fig. 5).34 It is important to

identify masses contributing to CTS so they can be
addressed at the time of carpal tunnel release. Anomalous
muscles in or adjacent to the carpal tunnel include varia-
tions in the palmaris longus muscle, such as distal muscle
tissue, palmaris profundus muscle, proximal origin of a
lumbrical muscle, and a digastric flexor digitorum super-
ficialis tendon.35,36 CTS can be an early presentation of
amyloidosis and can occur years before cardiac involve-
ment.37 Imaging findings suggestive of amyloidosis include
heterogeneous synovial thickening with nodular areas of
low T2 signal and osseous erosions (►Fig. 6). If present, it is
important to raise suspicion for amyloidosis, so biopsy can
be performed at the time of carpal tunnel release and early
treatment can be initiated to prevent cardiac and multi-
organ involvement.

Fig. 5 A 75-year-old woman with 8 months of right hand numbness, tingling, and weakness. (a) Initial lateral radiograph of the wrist
demonstrates calcification projecting over the carpal tunnel (white arrow). (b) Axial proton-density fat-suppressed image demonstrates a low
signal mass deep within the carpal tunnel (white arrow), contributing to compression of the median nerve against the flexor retinaculum (gray
arrow). (c) Intraoperative image at the time of carpal tunnel release and mass excision demonstrates a calcified mass deep within the carpal
tunnel (white arrows). Final pathology showed tumoral calcinosis, and the patient’s symptoms improved significantly after surgery.

Fig. 4 Variations in median nerve signal. (a) Axial T2 fat-suppressed image in a 41-year-old woman with ulnar-sided wrist pain and no clinical
neuritis demonstrates a normal median nerve with intermediate signal fascicles and no nerve enlargement (white arrow). (b) Axial T2 fat-
suppressed image in a 71-year-old woman with carpal tunnel syndrome demonstrates hyperintense enlarged nerve fascicles, contributing to a
significant enlargement of the median nerve (white arrowhead).
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Residual or recurrent symptoms after carpal tunnel re-
lease pose a difficult challenge for the treating physician.
The most common causes of symptoms are incomplete
release of the flexor retinaculum and perineural scarring/
fibrosis.38 Imaging signs of perineural fibrosis include
intermediate/low signal or hypoechoic perineural tissue
and ill-defined nerve margins (►Fig. 7). This is important
to identify because scarring often requires neurolysis, and
some surgeons use a vein graft or a hypothenar fat graft to
decrease the risk of recurrent scarring after surgery.38 Cau-
tion should be used when interpreting the flexor retinacu-
lum because the retinaculum was shown to reconstitute in
more than half of patients at 12 months, even in patients
with good clinical outcomes.39An intact retinaculumoutside
of the early postoperative period should not be interpreted as
an incomplete release but rather a reconstituted or intact

retinaculum. Similarly, caution should be used when inter-
preting nerve CSA/morphology as a sign of recurrent or
residual nerve compression because the nerve can remain
abnormal in size for>12 months after release.39

Ulnar Nerve

Anatomy
Theulnarnerve is theterminalbranchof themedial cordof the
brachial plexus and receives contributions from the C8 and T1
nerve roots. The nerve travels posteromedial to the brachial
vessels in the anterior compartment of the upper arm before
piercing the medial intermuscular septum at the arcade of
Struthers and entering the posterior compartment where it
travels along the medial head of the triceps. At the elbow, the
nerve travelsposterior to themedial epicondyle andenters the

Fig. 6 A 78-year-oldman withmultiple myeloma and amyloidosis who presented with right hand pain concerning for carpal tunnel syndrome. (a)
Axial T2 fat-suppressed image demonstrates heterogeneous synovitis involving the ulnar bursa (white arrows) with areas of low signal (white
asterisk). (b) Coronal short tau inversion recovery image demonstrates large erosion within the scaphoid (white arrow) including areas of low
signal (gray arrow).

Fig. 7 A 68-year-old woman with ongoing numbness after carpal tunnel release 4 months earlier. (a) Axial T2 fat-suppressed image
demonstrates a gap in the transverse carpal ligament (dashed white arrows) and a hyperintense median nerve (black asterisks). Findings of
midcarpal arthritis (white arrow) and associated synovitis (gray arrows) are also present. (b) A more proximal axial T2 fat-suppressed image
demonstrates near-circumferential hypointense fibrosis (white arrows) around the hyperintense median nerve (black asterisks). The fibrosis is
adherent to the overlying palmar retinaculum (black bracket). The patient underwent subsequent neurolysis with improvement of symptoms.
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cubital tunnel, a common site of compressive neuropathy. The
ulnar nerve then travels between thehumeral and ulnar heads
of the flexor carpi ulnaris muscle before passing through the
flexor pronator aponeurosis. In the forearm, the nerve lies
between the flexor digitorum superficialis and flexor digito-
rumprofundusmuscles; in the distal forearm, it is deep to the
flexor carpi ulnaris, where it is relatively protected and
becomes superficial distal to the myotendinous junction in
thewrist. In the distal forearm, the ulnar nerve gives off dorsal
and palmar cutaneous branches that innervate the dorsal and
palmar aspects of the ulnar hand, respectively.

The ulnar nerve and ulnar artery enter the palm via
Guyon’s canal at the wrist. Guyon’s canal is triangular and
� 4 cm in length. Its proximal, ulnar, and distal/radial
margins are defined by the proximal edge of the volar
(palmar) carpal ligament, which is the thickened continua-
tion of the antebrachial fascia, the pisiform and the fibrous
arch of the hypothenar muscles, and the hook of the hamate,
respectively. The transverse carpal, pisohamate, and piso-
triquetral ligaments form the floor. The volar carpal liga-
ment, palmaris brevis muscle, and hypothenar connective
tissue form the roof. Although sometimes variable, the ulnar
nerve commonly divides into a superficial sensory branch
and a deep motor branch within Guyon’s canal at the level of
the distal pisiform.40 The superficial sensory branch provides
motor innervation to the palmaris brevis muscle as it con-
tinues distally, superficial to the hypothenar muscles, before
branching into the third common digital nerve and the ulnar
proper digital nerve of the small finger. The deep motor
branch travels beneath a fibrous arch of the hypothenar
muscles and directly ulnar to the hook of the hamate before
coursing radially within the deep palmar space to innervate
the hypothenar muscles, the third and fourth lumbricals, the
dorsal and palmar interossei, the adductor pollicis, and a
portion of the flexor pollicis brevis.

Normal Imaging Appearance
Both US and MRI can be used effectively to image the ulnar
nerve at the distal forearm and wrist.41,42 On US, the mean
CSA of the nerve within Guyon’s canal is 6mm2 for men and
5mm2 forwomenwithout significant side-to-side variability
in the same individual.42 Although not yet extensively stud-
ied, some physicians use 8mm2 as an upper limit of normal
for the ulnar nerve CSA within Guyon’s canal.42,43 The deep
motor and superficial sensory ulnar nerve branches can be
identified as small hypoechoic structures with mean CSAs of
2mm2 and 3mm3, respectively.42 The ulnar artery should
demonstrate normal flow on color Doppler imaging without
evidence of focal enlargement to suggest thrombosis.

On MRI, the ulnar nerve maintains a consistent caliber
throughout its course in the distal forearm and at the wrist.
Similar to the median nerve, the ulnar nerve should demon-
strate isointense to slightly hyperintense signal when com-
pared with the adjacent muscle on fat-suppressed T2-
weighted sequences. A 1992 article studying 36 wrists
demonstrated a mean ulnar nerve diameter of 3mm within
Guyon’s canal.44 However, there are no well-defined criteria
for an enlarged ulnar nerve on MRI.

Guyon’s Canal Syndrome
Guyon’s canal syndrome, or ulnar nerve entrapment at the
wrist, is an uncommon conditionwith the incidence not well
documented. Patients present with decreased grip and pinch
strength and/or altered sensation in the hypothenar region
or ring or small fingers.45 Patientsmay present with a history
of repetitive direct compression of thewrist, such as gripping
the handlebars of a bicycle or operating heavy machinery,
and they may also present after acute trauma.46

Guyon’s canal is commonly divided into three zones that
explain the varying presentations of Guyon’s canal syndrome
based on the branching pattern of the ulnar nerve.47 Zone 1
extends from the proximal edge of the palmar carpal ligament
to the ulnar nerve bifurcation. It contains both motor and
sensory fascicles. Thus lesions in this location usually produce
combined motor and sensory symptoms. The sensory nerve
fascicles are volar to the motor fascicles in zone 1; superficial
lesions often produce sensory symptoms before motor symp-
toms; theopposite is trueofdeep lesions.47Zone2extends from
theulnarnervebifurcation to thefibrous archof thehypothenar
muscles. Because it contains the deep motor branch, zone 2
lesions usually result in only motor symptoms. Zone 3 extends
from the ulnar nerve bifurcation to the exit of the canal and
includes the superficial sensory branch; therefore, a lesion in
this zone usually produce only sensory symptoms.47

Electrodiagnostic testing can be helpful in differentiating
Guyon’s canal syndromefromulnarneuropathyat theelbowor
cervical radiculopathy and can also identify signs of motor
neuron disease or diffuse peripheral neuropathy.48 In cases
with motor symptoms, needle EMG can help narrow the
suspected lesion site by identifying patterns of denervation
changes in thehypothenar, interosseous, and thenarmuscles.49

Both US and MRI can be used in suspected Guyon’s canal
syndrome to evaluate nerve size and morphology as well as
to identify mass lesions. Signs of Guyon’s canal syndrome on
US include enlargement of the ulnar nerve, loss of the normal
fascicular architecture, or focal change in nerve caliber.43

MRI can demonstrate these findings in addition to T2 hyper-
intense nerve signal.50 MRI can also identify denervation
changes in the affected muscles of the hand.8 Numerous
causes of Guyon’s canal syndrome have been described
including fractures, particularly of the hook of the hamate,
ganglia, anomalous muscles, thickened surrounding liga-
ments, and ulnar artery thrombosis (►Fig. 8).45,47

Anomalous muscles around Guyon’s canal are well de-
scribed.44,51 Most often, these are variations in the abductor
digiti minimi muscle that originates from the pisiform and is
directly adjacent to the ulnar nerve within Guyon’s canal.44

Muscle variations are seen commonly in asymptomatic
patients.52 Some surgeons believe that larger sized accessory
muscles may contribute to causing Guyon’s canal syndrome,
although further research is necessary to verify this idea.53

In general, Guyon’s canal syndrome secondary to repet-
itive trauma is treated nonsurgically though activity mod-
ification. Patients with weakness, muscle denervation,
atrophy, and persistent sensory symptoms are generally
treated surgically. At surgery, the ulnar nerve is exposed
from the distal forearm through the entire Guyon’s
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canal.54 Ganglions should be resected in their entirety
including all articular extensions, and the joint of origin
should be debrided to prevent cyst recurrence. Outcomes
after Guyon’s canal decompression are excellent, although
symptoms can persist if all sites of compression are not
addressed.55

Deep Branch of Ulnar Nerve Compression
The deep motor branch of the ulnar nerve can be compressed
distal to Guyon’s canal as it courses radially though the palm
(►Fig. 9). Patients present with motor symptoms, often spar-
ing the hypothenar muscles, which are usually innervated
before the ulnar nerve exits Guyon’s canal. Muscles affected
include the third and fourth lumbricals, interosseous muscles,

adductor pollicis, anddeepportion of theflexor pollicis brevis,
depending on the lesion site.56 The most common cause of
compression is a ganglion, andMRI can help identify it and its
origin as well as define its relationship to the deep branch of
the ulnar nerve for surgical planning.57

Radial Nerve

Anatomy
The radial nerve is a terminal branch of the posterior cord of
the brachial plexus and receives contributions from the C5,
C6, C7, C8, and T1 nerve roots. After traveling through the
posterior axilla, the nerve crosses medial to lateral along the
posterior aspect of the humeral diaphysis at the spiral
groove. The radial nerve then pierces the lateral

Fig. 8 A 58-year-old man with 4 months of left hand weakness without pain. (a) Axial proton-density (PD) fat-suppressed image demonstrates a
ganglion (white arrow) compressing the hyperintense motor branch of the ulnar nerve (black arrow) adjacent to the hook of the hamate. (b)
Sagittal PD fat-suppressed image demonstrates the ganglion (black arrow) with neck extending to the pisotriquetral joint (white arrow).

Fig. 9 A 67-year-old man with a left hand mass. Imaging was obtained to evaluate the extent of the mass and relationship to the deep branch of
the ulnar nerve. (a) Coronal T1 image demonstrates a fat-containing mass in the palm in close proximity to the deep branch of the ulnar nerve
(black arrow). (b) Axial T1 image demonstrates the mass (white arrow) displacing the deep branch of the ulnar nerve (black arrow) and extending
into the dorsal soft tissues (black asterisks).
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intermuscular septum at the level of the distal humerus, at
least 7.5 cm above the distal humerus articular surface, and
travels anterior to the lateral epicondyle. At the level of the
radiocapitellar joint, the nerve divides into a superficial
sensory branch and a deep motor branch.

The superficial sensory branch travels deep to thebrachior-
adialismuscle in theproximal andmid forearmbeforepiercing
the superficial fascia andbecoming subcutaneous� 5 to 10cm
proximal to the radial styloid where it lies between the
brachioradialis and extensor carpi radialis longus. The nerve
then courses adjacent to thefirst extensor compartment to the
dorsum of the hand, providing sensory innervation to the
radial aspect of thehand and dorsal aspect of the thumb, index
finger, middle finger, and radial aspect of the ring finger.

The deep motor branch travels under the arcade of Frohse
between the superficial and deep heads of the supinator
muscle where it becomes the posterior interosseous nerve.
The posterior interosseous nerve then exits the radial tunnel
and travels through the forearm where it innervates the
posterior compartment muscles. Distally, the terminal branch
of theposterior interosseousnerve canbe foundon thefloor of
the fourth dorsal extensor compartment. It provides sensory
innervation to the dorsal wrist capsule.

Normal Imaging Appearance
The normal superficial radial nerve can be imagedwith US in
the distal forearm where the nerve travels close to the
cephalic vein. The normal nerve is small, measuring �
2mm2 in CSA and containing about two to six fascicles
that may not be visible on imaging.58,59 In cases of suspected
of suspected nerve abnormality, comparison with the con-
tralateral side is helpful to identify subtle lesions. With MRI
the nerve appears as a small intermediate signal structure.7

Importantly, the nerve should maintain a smooth contour
without focal enlargement or surrounding edema.

The terminal branch of the posterior interosseous nerve is
rarely perceptiblewith imaging. The nerve is usually near the
scapholunate ligament and demonstrates a variable branch-
ing pattern.60 The proximity of the nerve to the dorsal wrist
capsule, scapholunate ligament, and fourth dorsal extensor
compartment tendons is likely a contributing factor to dorsal
wrist pain when ganglia develop in this region.61

Wartenberg’s Syndrome
Wartenberg’s syndrome, or cheiralgia paresthetica, is neurop-
athy of the superficial radial nerve that often presents with
pain along thedorsal radial aspect of thehand.62The cause can
be compression of the nerve between the brachioradialis and
extensor carpi radialis longus tendons in the distal forearm,
variant nerve course, injury during cephalic vein cannulation,
mass lesion along the nerve course, or external compression
fromawristwatch orhandcuffs.63,64 Irritationof thenerve can
also occur in cases of de Quervain’s tenosynovitis.65

Both US and MRI can demonstrate an abnormal nerve
course, focal nerve caliber change, and surrounding soft tissue
edema (►Fig. 10). MRI can also demonstrate T2 hyperin-
tense signal of the nerve, suggesting injury/neuritis. The
first extensor compartment should be evaluated concur-

rently for signs of tenosynovitis that may be the primary
pathologic condition.

Other Nerve Pathologic Conditions

Fibrolipomatous Hamartoma
Fibrolipomatous hamartoma is a benign tumor resulting
from proliferation of mature adipocytes within the nerve
sheath and perineural and epineural fibrosis. The prolifera-
tion of fatty tissue leads to nerve enlargement and often to
spreading out of the nerve fascicles.66 Patients often present
with pain and paresthesias that can mimic a compression
neuropathy, and some patients develop macrodactyly.66 The
median nerve is most commonly involved, although involve-
ment of several other nerves, including the ulnar and radial
nerves, has been described.67

MRI demonstrates enlargement of the nerve with thick-
ening of nerve fascicles and increased intraneural fat that can
be between or around the nerve fascicles (►Fig. 11).68 There
is usually no contrast enhancement, and the nerve fascicles
demonstrate normal signal on T2 fat-suppressed sequences.
The identification of increased fat within the nerve sheath
allows for a confident diagnosis, and tissue sampling is rarely
indicated. US typically demonstrates enlargement of the
nerve with thick hypoechoic fascicles surrounded by promi-
nent echogenic fat.67

Benign Peripheral Nerve Sheath Tumors
Benign peripheral sheath tumors include neurofibromas and
schwannomas and occur throughout the body. Tumors can
occur sporadically, as well as in genetic syndromes such as
neurofibromatosis type1andtype2. Patients canpresentwith
a variety of symptoms including pain, paresthesias/numbness,
weakness, and a palpable mass. Benign peripheral nerve
sheath tumors have a similar appearance throughout the
body. On US, they appear as hypoechoic masses along the
course of the nerve and can demonstrate areas of internal
hypervascularity aswell as posterior acoustic enhancement.69

Fig. 10 A 30-year-old woman with hyperesthesia in the distribution of
the left superficial radial nerve after prior wrist fusion. Longitudinal
ultrasonography image demonstrates focal enlargement of the
superficial radial nerve (white arrows) consistent with a neuroma-in-
continuity.
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On MRI, peripheral nerve sheath tumors appear as fusiform
lesions along the course of the nervewith low to intermediate
T1 signal, hyperintense T2 signal, and contrast enhancement.
Several signs have been described to help identify benign
peripheral nerve sheath tumors including the target sign,
fascicular sign, and the split fat sign (►Fig. 12).70 The radiol-
ogist’s report plays a vital role in patient management when
masses are present along the nerve course in the hand and
wrist. Asymptomatic masses are not always resected if char-
acteristic imaging features of a benignperipheral nerve sheath
tumor are present. With symptomatic tumors, it is important
to mention the possibility of a nerve sheath tumor so patients
can be counseled preoperatively about potential deficits after
resection.

Traumatic Nerve Injury
About 3% of trauma patients experience a peripheral
nerve injury, and nerves of the hand and wrist are

commonly injured due to their superficial location.71

The Sunderland classification is commonly used to classify
nerve injuries and help guide management.72 Imaging
with either US or MRI plays a key role at our institution
in helping differentiate higher grade injuries that will
require surgical intervention from injuries that can be
treated nonoperatively.

In a Sunderland grade 1 injury, or neuropraxia, themyelin
sheath is injured, although the nerve remains structurally
intact with intact axons, endoneurium, perineurium, and
epineurium. MRI can demonstrate T2 hyperintense nerve
signal; US findings may be normal or demonstrate nerve
hypoechogenicity. Sunderland grade 2 and 3 injuries, or
axonotmesis, describe injury to the axons and axons plus
endoneurium, respectively. MRI can demonstrate T2 hyper-
intense nerve signal with diffuse nerve enlargement and
effacement of the nerve fascicles. USmay demonstrate nerve
hypoechogenicity, diffuse nerve enlargement, and loss of the
normal fascicular architecture. In grade 3 injuries, recovery
can be prolonged, and scarring may need to be surgically
released around the swollen nerve fascicles.73

Sunderland grade 4 injuries include injury to the structures
involved in grade 3 injuries with additional injury to the
perineurium. Both MRI and US demonstrate focal nerve en-
largement at the injury site, termed a neuroma-in-continuity.
Nerve fascicles appear disrupted with loss of normal internal
architecture. Importantly, the epineurium remains intact, and
there is no gap between the nerve ends. Sunderland grade 5
injuries, or neurotmesis, are complete nerve transectionswith
disruption of the epineurium. Both Sunderland grade 4 and
grade 5 injuries require surgical intervention for meaningful
recovery.74 Sunderland grade 6, or mixed nerve injuries,
involvedifferent portions of thenerve connective tissue across
the nerve cross section and include partial lacerations
(►Fig. 13). Importantly, electrodiagnostic testing is unable
to differentiate axonotmesis (Sunderland grades 2–4) from
neurotmesis (Sunderland grade 5); therefore, imaging plays a
key role in accurately grading the severity of nerve injury in
these cases and ultimately dictating surgical management.

Fig. 12 Peripheral nerve sheath tumors. (a) Axial T2 fat-suppressed image in a 62-year-old woman with pain in the median neve distribution and
palpable mass demonstrates a hyperintense mass in the expected location of the median nerve (white arrow). The mass contains areas of
internal low to intermediate signal, likely representing fascicular bundles and referred to as the fascicular sign (black arrows). (b) Axial T2 fat-
suppressed image in a 40-year-old woman with neurofibromatosis type 1 demonstrates focal hyperintense signal and enlargement of the palmar
cutaneous branch of the median nerve consistent with a neurofibroma (white arrow). (c) Axial T2 fat-suppressed image in a 52-year-old woman
with neurofibromatosis type 2 demonstrates a peripheral nerve sheath tumor involving selected fascicles of the median nerve (white arrow).
Adjacent fascicles of the median nerve are normal (white arrowhead).

Fig. 11 An 18-year-old woman with 2 months of pain and numbness
in the median nerve distribution of her right hand. Axial T1 image
demonstrates enlargement of the median nerve (white arrow) with
intraneural fat (black asterisks) leading to separation of the nerve
fascicles (black arrow). The nerve was normal in signal on T2 fat-
suppressed images (not shown).
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The surgical treatment options for acute and subacute
peripheral nerve injuries include direct end-to-end repair
and nerve grafting (autografting or allografting) when
bridging nerve defects. Artificial nerve conduits are an
alternative to nerve grafting for the repair of short (<
3 cm) sensory peripheral nerve defects. For complex and
proximal peripheral nerve injuries, successful reinnerva-
tion via traditional nerve repair techniques remains chal-
lenging because of the long distance between the lesion
and motor end plates. Axonal regeneration occurs at �
1mm/day, and motor end plates begin to undergo irre-
versible changes after 12 to 18 months of denervation.
Even when treated promptly, these lesions incur a high risk
of undergoing muscle atrophy before the regenerating
axons can reach their target. Nerve transfers circumvent
this issue by transferring a healthy expendable motor
nerve in close proximity to the target muscle, to a more
distal portion of the injured nerve, thus shortening the
regeneration time.75 Chronic peripheral motor nerve inju-
ries not amenable to repair or nerve transfer are treated
with tendon transfers.

Conclusion

Nerves of the wrist are involved in common causes of
neuropathy, and imaging plays a key role in dictating patient
management. Both US and MRI can be used to identify signs
of compressive neuropathy, define masses along the course
of nerves, and grade the severity of nerve injury in the setting
of trauma. A thorough understanding of nerve anatomy and
patterns of nerve injury is essential to identify nerve abnor-
malities in the wrist. This is especially important in cases
where the clinical presentation makes it difficult to separate
a distal nerve lesion from a proximal cause of neuropathic
symptoms such as cervical radiculopathy or brachial
plexopathy.
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