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Abstract The diagnosis of nerve en-
trapment and compressive neuropathy
has been traditionally based on the
clinical and electrodiagnostic exami-
nations. As a result of improvements
in the magnetic resonance (MR) im-
aging modality, it plays not only a
fundamental role in the detection of
space-occupying lesions, but also a
compensatory role in clinically and
electrodiagnostically inconclusive
cases. Although ultrasound has un-
dergone further development in the
past decades and shows high resolu-
tion capabilities, it has inherent
limitations due to its operator depen-
dency. We review the course of normal

Introduction

peripheral nerves, as well as various
clinical demonstrations and patholog-
ical features of compressed and en-
trapped nerves in the upper extremities
on MR imaging, according to the
nerves involved. The common sites of
nerve entrapment of the upper ex-
tremity are as follows: the brachial
plexus of the thoracic outlet; axillary
nerve of the quadrilateral space; radial
nerve of the radial tunnel; ulnar nerve
of the cubital tunnel and Guyon’s
canal; median nerve of the pronator
syndrome, anterior interosseous nerve
syndrome, and carpal tunnel syn-
drome. Although MR imaging can
depict the peripheral nerves in the
extremities effectively, radiologists
should be familiar with nerve path-
ways, common sites of nerve
compression, and common space-
occupying lesions resulting in nerve
compression in MR imaging.

Keywords Peripheral nerve -
Anatomy - MR

Nerve entrapment and compression syndrome (NECS) is
the neurological symptom complex caused by the mechan-
ical or dynamic compression of a segment of a single nerve
at specific sites as it passes through a narrow fibro-osseous
tunnel or an opening in a fibrous or muscular structure [1].
In general, the diagnosis of NECS has relied primarily

upon clinical information, neurological examination, and
electrodiagnostic studies. However, such clinical evalu-
ations alone do not always allow one to arrive at a concrete
diagnosis when the presentation is atypical and when ana-
tomic and technical limitations for electrodiagnostic
studies intervene. In these instances, imaging can play an
important role in helping to define the site and etiology of
nerve compression or in establishing an alternative diag-
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nosis [2]. Hence, it has been widely reported that imaging
modalities can feasibly demonstrate the causes and
locations of NECS [1-11].

Ultrasound has undergone considerable development
over the past decades. Although ultrasound shows higher
resolution than any other current imaging modality, it
remains limited in its ability to show pathological changes
within nerves, owing to its poor soft tissue contrast
compared with MR imaging. Moreover, the inherent
operator dependency and the difficulty in fully covering
the region of interest when evaluating deeper location have
always been problems in ultrasound examination. As a
current modality and because state-of-the-art MR imaging
facilities show high performance in nerve imaging, MR
imaging is a useful diagnostic tool for examining periph-
eral nerves. The ability of MR imaging to visualize the
pathological characters of nerves and nerve-related lesions
is superior to that of any other modalities.

Nerve entrapment and compression syndrome (NECS)
of the upper extremity is more common and complex than
that of the lower extremity. Although NECSs of the median

nerve at the carpal tunnel and ulnar nerve at the cubital
tunnel are the most common and familiar entities, there are
various other entities that should be addressed.

In this article, we review the course of normal peripheral
nerves in the upper extremity, as well as various clinical
demonstrations and pathological features of compressed
and entrapped nerves and innervated muscles in MR
imaging, according to the nerves involved.

Brachial plexus

The brachial plexus is formed by the union of the ventral
branches of the four lower cervical and first thoracic
nerves. C5 and C6 nerve roots comprise the upper trunk,
C7 continues to the middle trunk, and C8 and T1 comprise
the lower trunk. The three trunks are formed within, or
lateral to, the interscalene triangle, which is formed by the
anterior scalene muscle, the middle and posterior scalene
muscles, and the first rib. More laterally, the trunks divide
into three anterior and three posterior divisions, and sub-

Fig. 1 Schematic diagram and MR imaging of the brachial plexus.
a C5-T1 ventral rami comprise the brachial plexus. They pass
between the anterior and middle scalene muscles (interscalene
triangle) and form three trunks [superior trunk (S7), middle trunk
(MT), and Inferior trunk (/7)] near the lateral margin of these
muscles. The trunks split into three anterior and three posterior
divisions more laterally at the superoposterior aspect of the
subclavian artery (SCA). The plexus then merges into the lateral
cord (LC), posterior cord (PC), and medial cord (MC), which
subsequently form the nerves of the upper extremity. b—d Sagittal

fast spin-echo T2-weighted images (FSE T2WIs) at the level
proximal to dotted line 1 (b), between 1 and 2 (c¢), and between 2
and 3 (d) labeled in a. Note the location of the subclavian artery and
trunks of the brachial plexus within the interscalene triangle (b, c).
The divisions of the brachial plexus are noted superoposterior to the
subclavian artery as an intermediate signal dot (d). e-g Coronal FSE
T2WIs at the plane between the anterior and middle scalene muscles
(e, f) and at the plane of the costovertebral articulation (g). Note the
locations of trunks and cords on the coronal images. C5, C6 C5 and
C6 ventral nerve roots
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sequently join to form three cords distal to the lateral
margin of the first rib. The cords end in five terminal
branches of the median nerve, ulnar nerve, musculocuta-
neous nerve, axillary nerve, and radial nerve. The subcla-
vian artery traverses the interscalene triangle along with the
plexus. At the level of the axilla, the neurovascular
complex within the axillary sheath consists of the axillary
artery, the adjacent cords, and the axillary vein. The
subclavian vein courses anterior to the anterior scalene
muscle and does not pass through the interscalene triangle.
The brachial plexus is well depicted on MR imaging on
coronal and sagittal view through its course (Figs. 1 and 2).

Three typical syndromes, which are called the thoracic
outlet syndrome (TOS), have been defined according to the
zones that are prone to entrapment of the brachial plexus,
subclavian artery, and subclavian veins. First, anterior
scalene syndrome is a symptom complex that occurs when
the brachial plexus and/or subclavian artery is compressed
as it courses through the interscalene triangle. Second,
costoclavicular syndrome is caused by the compression of
one or several structures mentioned above between the
clavicle and the first rib (costoclavicular space). Third,
retropectoralis minor syndrome is caused by the compres-
sion of one or several structures mentioned above beneath
the pectoralis minor at the site of attachment to the coracoid
process, which is called the retropectoralis minor space
(subcoracoid tunnel) [12-14].

The diagnosis of TOS is traditionally based on results of
clinical evaluation, including various dynamic maneuvers
such as elevation of the arm, because the symptom is better
manifested with arm elevation. However, diagnosis based
on clinical examination alone is often difficult. The
contribution of MR imaging to the depiction of those
three zones mentioned above has been researched by many
investigators [14-17]. Thoracic outlet can be well visu-
alized in MR imaging with the patient in a comfortable

position with the arm alongside the body, but additional
postural maneuver, including hyperabduction and external
rotation of the arm, is needed in patients with TOS.
Thoracic outlet was reported to be further narrowed, except
in the interscalene triangle, with this additional postural
maneuver, both in healthy volunteers and in the patients
with TOS, and it was also reported that the patients with
TOS had a significantly narrower costoclavicular space
after the postural maneuver than did healthy volunteers
[14].

Suprascapular nerve

The suprascapular nerve is a mixed motor and sensory
nerve that carries pain fibers from the glenohumeral and
acromioclavicular joints and provides motor supply to the
supraspinatus and infraspinatus muscles. It arises from the
superior trunk of the brachial plexus. The suprascapular
nerve runs outwards, deep to the trapezius muscle and
parallel to the omohyoid muscle, and enters the
supraspinatus fossa through the suprascapular notch of
the scapula. It winds around the lateral border of the spine
of the scapula, passing the spinoglenoid notch to reach the
infraspinatus fossa [18, 19]. A branch to the supraspinatus
muscle forks off just after it traverses the suprascapular
notch, and after it enters into the infraspinatus fossa, a
branch to the infraspinatus divides off. Therefore, if a
compressing lesion is around the scapular notch, then both
the supraspinatus and the infraspinatus muscles are
denervated. When a compressing lesion is located around
the spinoglenoid notch, only the infraspinatus is denervat-
ed (Fig. 3) [20]. The etiologies of entrapment of the
suprascapular nerve include fracture of the scapula,
shoulder dislocation, tumor, compression by the supra-
scapular ligament during shoulder motion, depending on

Fig. 2 Various MR imaging features of diseases involving the
brachial plexus. a, b Schwannoma of brachial plexus depicted on
MR imaging. Coronal (a) and sagittal (b) fast spin-echo T2-
weighted images (FSE T2WIs) demonstrates a mass involving the
inferior trunk of the right brachial plexus (arrowheads). ¢ Inflam-
mation of the brachial plexus depicted on MR imaging. Coronal
FSE T2WI demonstrates diffuse thickening of the left brachial

plexus (arrows). Diffuse inflammatory cell infiltration was con-
firmed on biopsy. d MR image obtained from a patient with
lymphoma. Coronal FSE T2WI demonstrated thickening of the right
brachial plexus. Please compare the normal left brachial plexus
(arrowheads) with the abnormal right one (arrows). Biopsy was
done for the right brachial plexus, and infiltration of lymphoma was
confirmed
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the shape of the suprascapular notch, and ganglion [18, 21,
22]. The ganglion is found more commonly near the
spinoglenoid notch, and it is commonly associated with
capsulolabral injury of the shoulder joint [19, 23]. Ganglia
usually cause isolated denervation changes that affect the
infraspinatus muscle, whereas a combined denervation
change affecting both the supra- and infraspinatus muscles
is more common in cases of nerve compression by the
suprascapular ligament. Hence, a denervated muscle with
signal changes indicates where the nerve is trapped or
compressed [22] (Fig. 4). In cases of denervation signal
changes of both the supra- and infraspinatus muscles
without a definite lesion causing compression at the
scapular notch, neuritis involving the suprascapular nerve
(Parsonage—Turner syndrome) should be included in the
differential diagnosis [24].

Axillary nerve (quadrilateral space syndrome)

The quadrilateral space is an anatomical compartment
bordered by the subscapularis muscle anteriorly, teres
minor muscle posteriorly, long head of the triceps muscle
medially, and the surgical neck of the humerus laterally.
The axillary nerve originates from the posterior cord of the
brachial plexus (C6, C7), passes anterior to the subscapu-
laris muscle, and then runs dorsally, together with the
posterior circumflex humeral artery, through the quadrilat-
eral space. The axillary nerve innervates the teres minor
and deltoid muscles and has cutaneous sensory branches
that extend to regions of the shoulder and upper arm.
Quadrilateral space syndrome is a rare entity in which
the posterior humeral circumflex artery and the axillary
nerve in the quadrilateral space are compressed by
abduction and external rotation of the shoulder joint,

Fig. 3 Schematic diagram of the suprascapular nerve. The supra-
scapular nerve (SSN) traverses the scapular notch beneath the
transverse ligament (not shown). The branch to the supraspinatus
muscle (SSM) leaves just after the SSN passes the scapular notch.
The branches to the infraspinatus muscle (ISM) fork off after it
enters the infraspinatus fossa. If the SSN is compressed around the
scapular notch (4), both the SSM and ISM would be denervated. If
the SSN is compressed around the spinoglenoid notch (B), only the
ISM would be denervated

causing poorly localized pain over the anterior aspect of the
shoulder that may radiate to the arm and even to the
forearm, with a non-dermatomal distribution [25]. Besides
dynamic compression due to the position of the shoulder,
the nerve can also be damaged or entrapped by static
causes, such as fracture of the proximal humerus or scapula
and associated hematoma, posteroinferior paralabral cysts,
hypertrophy of the teres minor muscle, and fibrous bands
[26-28]. The pathophysiology of quadrilateral space
syndrome remains unclear. Some believe that the dominant
etiological mechanism is neurological entrapment [29],
whereas others suggest that vascular occlusion is dominant
[30].

MR imaging of the quadrilateral space itself is best
demonstrated on oblique coronal views. However, the
axillary neurovascular bundle is well visualized on routine
oblique sagittal, oblique coronal, and axial images of the
shoulder. The nerve should be surrounded by normal fat,
without focal enlargement or a mass (Fig. 5). In subacute or
chronic denervation of the axillary nerve, edema or atrophy
of the teres minor and/or deltoid muscle may be seen. The
denervation change of the teres minor muscle is best
visualized on the oblique sagittal image [2].

Median nerve

Entrapment of the median nerve occurs most commonly in
the wrist as carpal tunnel syndrome, but it may also
develop at the level of the distal humerus or the proximal
end of the forearm [31, 32].

Pronator syndrome

Pronator syndrome is the most proximal entrapment
neuropathy of the median nerve [33]. In the region of the
elbow, the median nerve passes beneath the bicipital
aponeurosis superficial to the brachialis muscle. It then
passes between two heads (humeral and ulnar heads) of the
pronator teres muscle in approximately 80% of individuals,
although the course of the median nerve with respect to the
pronator teres can vary. It subsequently passes beneath the
edge of the fibrous arch of the flexor digitorum sublimes.
The median nerve can be compressed anywhere in these
three regions [33] (Fig. 6). Another potential site of
compression of the median nerve in the region of the elbow
is the ligament of Struthers, which typically connects the
supracondylar process to the medial epicondyle. The
supracondylar process is usually an incidental finding
and occurs in approximately 1% of the population. It is a
beak-like bony projection arising from the anteromedial
surface of the humerus and is located about 5 cm above the
medial epicondyle [34]. Possible causes of pronator
syndrome include a fibrous band of the bicipital aponeu-
rosis or hypertrophy of the pronator teres muscle, com-
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Fig. 4 Entrapment and compression of the suprascapular nerve. a—c
A cystic lesion (arrows) at the spinoglenoid notch is detected on
axial T1-weighted image (T1WI) (a), coronal fast spin-echo T2-
weighted image (FSE T2WI) (b), and sagittal FSE T2WI (c).
Edematous change and slight atrophy of the infraspinatus muscle are
attributed to denervation atrophy (arrowheads), while the supraspi-
natus muscle appears normal without atrophy or change in signal

pression by an aberrant median artery, a crossing branch of
the radial artery and vein, hematoma due to trauma, and a
soft tissue mass [33, 35]. Patients who have pronator
syndrome usually experience a vague, aching pain in the
volar aspect of the elbow and forearm, beginning or
worsening during activities involving repetitive grasping or
pronation or both [33], and sometimes motor disturbances
of the first three fingers and sensory abnormalities of the
palm of the hand, mimicking carpal tunnel syndrome [36].

Anterior interosseous nerve syndrome (Kiloh—Nevin
syndrome)

The anterior interosseous nerve is a purely motor nerve
and is the largest branch of the median nerve. It arises on
the radial aspect of the median nerve 5 cm to 8 cm distal
to the medial epicondyle of the humerus. It passes through
the pronator teres and then follows the anterior aspect of
the interosseous membrane with the anterior interosseous
artery. It provides motor innervation to the flexor pollicis
longus (FPL), the radial belly of the flexor digitorum
profundus (FDP), and the pronator quadratus (PQ)
muscles. Compression and paralysis of this nerve result
in a weakness of pinching, although the weakness of
pronation may be masked by the concurrent action of the
pronator teres [32, 37-39]. There are many causes of

intensity (long arrow in c¢). These findings suggest that the
suprascapular nerve (SSN) is compressed around the spinoglenoid
notch, even though the nerve is not delineated. d—f Axial TIWI (d),
coronal fat-saturated FSE T2WI (e), and sagittal fat-saturated FSE
T2WI (f) show changes of signal intensity in the supraspinatus and
infraspinatus muscles (arrowheads)

anterior interosseous nerve palsy: fracture of the forearm
or supracondylar fracture [40, 41], local pressure after
sleeping on the affected arm or due to a poorly applied
cast, exercise and weight lifting, and viral neuritis [37—
39]. In a report of MRI features of anterior interosseous
nerve syndrome in three cases [42], an abnormally
increased signal intensity of FPL, FDP, and PQ muscles
on fast short-tau inversion recovery (STIR) images was
noted. The normal anterior interosseous nerve itself
cannot be readily identified by MR imaging, so identifi-
cation of signal intensity changes of innervated muscles is
helpful in the diagnosis (Fig. 7).

Carpal tunnel syndrome

The carpal tunnel is a space bordered by the carpal bones
and flexor retinaculum (transverse carpal ligament). The
space is approximately 6 cm in length from the wrist to the
mid-palm. In addition to the median nerve, eight tendons of
flexor digitorum profundus and flexor digitorum superfi-
cialis (sublimes) and one flexor pollicis longus tendon pass
through this space. The flexor retinaculum is approxi-
mately 3 cm to 4 cm wide and 2.5 cm to 3.5 mm in
thickness. It is attached to the tuberosity of the scaphoid
and the crest of the trapezium on the radial side and to the
pisiform and the hook of hamate on the ulnar side. On its
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AN and PCHA

Fig. 5 MR images of the normal quadrilateral space. Oblique
coronal proton density-weighted (a) and oblique sagittal proton
density-weighted (b) MR images are well depicting the neurovas-
cular bundle of axillary nerve and posterior circumflex humeral
artery within the quadrilateral space (white lined circles of a and b).
Note the muscles surrounding the space. Deltoid muscle (D) and/or
teres minor muscle (7Mn) are usually denervated in quadrilateral
space syndrome. AN axillary nerve, PCHA posterior circumflex
humeral artery, TMj teres major muscle, 7ric long head of triceps
muscle

Fig. 6 Schematic diagram of
the median nerve at the cubital
fossa. The median nerve (short
arrow) enters the elbow beneath
the bicipital aponeurosis (not
shown) and then passes between
the two heads of the pronator
teres muscle (long arrows). It
subsequently passes beneath the
edge of the fibrous arch of the
flexor digitorum sublimes
(blank arrow). These three
locations are the potential sites
of entrapment

Fig. 7 MR imaging of anterior interosseous nerve syndrome (a—c).
a, ¢) At the distal forearm, axial fat-saturated fast spin-echo T2-
weighted image (FSE T2WI) (a) demonstrates increased signal
intensity of the pronator quadratus muscle (arrows), whereas a T1-
weighted image (T1WI) (¢) shows no signal change in the muscle.
b Axial fat-saturated FSE T2WI just proximal to the pronator
quadratus muscle shows increased signal intensity anterior to the
interosseous membrane where the anterior interosseous neurovas-
cular bundle courses (arrowhead). All these findings suggest that
there is the possibility of nerve entrapment at this level. Other flexor
muscles, such as the flexor pollicis longus and flexor digitorum
profundus, do not show signal change

radial side, the flexor retinaculum splits into two layers to
envelop the flexor carpi radialis tendon (Fig. 8). The
median nerve courses superficial to the flexor digitorum
superficialis (FDS) muscle proximal to the carpal tunnel
and parallel to the second and third FDS tendons within the
carpal tunnel [43]. In the palm, it gives off five branches.
The radial branch is the motor nerve innervating the thenar
muscles, and the remaining four branches are sensory
branches of the first, second, third, and the radial half of the
fourth digit [44].

Compression of the median nerve at the carpal tunnel is
the most common peripheral nerve entrapment syndrome,
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Fig. 8 Schematic diagrams of the carpal tunnel and Guyon’s canal
at the pisiform level (a) and hamate level (b). The median nerve
(black arrows) is passing through the carpal tunnel and is seen volar
to the tendons of the second and third FDS. The ulnar nerve (white
arrow) and ulnar artery (UA) pass superficial to the flexor
retinaculum on the radial side of the pisiform within Guyon’s
canal covered by the volar carpal ligament. The flexor carpi radialis
tendon (FCR) passes between the split fibers of the flexor
retinaculum. P pisiform, 7' triquetrum, L lunate, S scaphoid, H
hamate, C capitate, 7d trapezoid, 7z trapezium

with an annual incidence of 50 to 150 cases/100,000 [45].
When the carpal tunnel is narrowed or full of redundant
tissue, ischemic changes and subsequent perineurial and
epineurial edema of the median nerve develop, resulting in
disorders of the axon and nerve sheath. When ischemia
lasts for an extended time, irreversible fibrosis of the
median nerve develops [43]. Although MR imaging is not
always used for routine diagnosis of carpal tunnel
syndrome, it can play a role when space-occupying tissue
is suspected or in patients with persistent symptoms after
carpal tunnel release [46]. Many MR imaging reports have
led to the establishment of the golden rule for the exclusive
diagnosis of carpal tunnel syndrome, in which four criteria
are considered. First, increased signal intensity of the
median nerve on a fluid-sensitive sequence is believed to
be a sign of carpal tunnel syndrome, although a high signal
intensity on STIR imaging is a normal finding, and the
signal of the median nerve can be low when the symptom is
chronic [2]. Second, an increased size of the median nerve
is considered a sign of carpal tunnel syndrome. The normal
median nerve is flat at the level of the pisiform. Hence,
enlargement of the median nerve is evaluated within the
carpal tunnel at the level of the pisiform. Third, volar
bowing of the flexor retinaculum at the level of the hamate
is believed to demonstrate increased pressure in the carpal
tunnel. Fourth, flattening of the median nerve at the level of
the hamate is also considered a positive finding. The
average cross-sectional area of the median nerve is reported

to be 10 mm? to 11 mm? [47-52] on MR imaging (Fig. 9).
These four MR findings are now widely accepted, although
they can be nonspecific and observed in asymptomatic
individuals [53]. There are various causes of carpal tunnel
syndrome, including rheumatoid arthritis, gout, calcium
pyrophosphate deposition, acromegaly, hypothyroidism,
amyloidosis, neoplasm, ganglion, thrombosis of the median
artery, fibrosis of tendons, skeletal anomaly, hemorrhage,
and trauma; however, in many cases, the exact etiology
remains unidentified [54]. MR imaging can help to identify
the causes of carpal tunnel syndrome (Fig. 9). Release of
flexor retinaculum is now being performed in cases that
remain unresponsive despite conservative treatment.

Ulnar nerve

The ulnar nerve may be involved anywhere along its course
in the upper extremity. A patient may have dual patholog-
ical abnormalities along the course of the ulnar nerve, a
condition referred to as double-crush phenomenon, and
may also have an aberrant pathway such as Martin—Gruber
anastomosis, which is a median—ulnar nerve connection in
the forearm, sometimes resulting in unusual innervation of
the hand muscles [55]. Hence, lesion identification in ulnar
neuropathy can be very difficult clinically and electro-
diagnostically. MR imaging is fundamentally important in
the detection of the region of entrapment of the ulnar nerve,
although the median and radial nerves can also demonstrate
the same diagnostic dilemma [56].

Cubital tunnel syndrome

Ulnar nerve entrapment at the elbow is the second most
common entrapment neuropathy [56]. The ulnar nerve
passes between the medial epicondyle of the humerus and
the olecranon at the condylar groove, deep to the cubital
tunnel retinaculum (CTR) and aponeurosis formed be-
tween the two heads of the flexor carpi ulnaris (FCU). The
CTR and aponeurosis of the flexor carpi ulnaris usually
blend with each other, although there are many variations
of their blend [57]. The ulnar nerve can be entrapped
beneath or near the CTR, and this is called cubital tunnel
syndrome [57-59] (Fig. 10). The position of the ulnar
nerve in the cubital tunnel changes with the anatomical
positioning of the elbow. When the elbow joint is flexed,
the ulnar nerve is susceptible to entrapment between the
CTR and medial epicondyle of the humerus or it can be
dislocated beyond the margin of the CTR; however, the
overt symptoms may not always be attributed to the
position of the ulnar nerve [57, 60].

Clinical symptoms include a sensory abnormality of the
lateral hand and weakness of the flexor carpi ulnaris, flexor
digitorum, and intrinsic muscles of the 4th and 5th fingers.
Causes of cubital tunnel syndrome include tardy ulnar
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Fig. 9 Various MR imaging features of carpal tunnel syndrome.
a, b Carpal tunnel syndrome without specific causes. Axial fast spin-
echo T2-weighted images (FSE T2WIs) at the hamate (a) and
pisiform (b) levels show consistent findings of bowing and
thickening of the flexor retinaculum (arrowhead). However, the
median nerve (arrow) itself is flattened and equivocally enlarged,
but its signal is increased, which is considered abnormal. ¢ Carpal
tunnel syndrome caused by anomalous muscle. Axial T1-weighted

nerve palsy (compression or tension neuropathy of the
ulnar nerve at the cubital tunnel due to valgus deformity
after trauma), ganglion, accessory epitrochleo-anconeus
muscle, subluxation and dislocation of the ulnar nerve.

MR imaging findings of the nerve in cubital tunnel
syndrome are enlargement and hyperintense signal around
the cubital tunnel compared with a normal segment [56]
(Fig. 10).

Guyon’s canal syndrome

The ulnar nerve at the wrist passes through a fibro-osseous
tunnel known as Guyon’s canal. The tunnel extends from
the volar carpal ligament at the proximal edge of the
pisiform to the origin of the hypothenar muscles at the level
of the hamulus, having a distance of approximately 4 cm
[61]. The floor of this tunnel is composed of the pisiform,
hamate, flexor retinaculum, and hypothenar muscle, and
the roof is composed of the volar carpal ligament, palmaris
brevis muscle, and fibers of the palmar fascia [62]. The
ulnar artery, ulnar nerve, and, occasionally, communicating
veins, traverse this space, which is surrounded by fat
(Fig. 11). The ulnar nerve enters this space after branching
off of the dorsal cutaneous branch and divides into the

image (T1WI) of the carpal tunnel at the pisiform level demonstrates
anomalous muscle belly of the third flexor digitorum superficialis
muscle within the carpal tunnel (long arrow). The median nerve
(arrow) is displaced far radially in the carpal tunnel by this muscle
belly. d Carpal tunnel syndrome caused by rheumatoid arthritis.
Axial fat-saturated FSE T2WI shows tenosynovitis of the flexor
digitorum tendons where high signal intensity lesions fill the carpal
tunnel (arrowhead) and compress the median nerve (arrow)

superficial sensory nerve and the deep motor nerve within
this space [62]. The motor nerve branch innervates the
palmaris brevis, hypothenar muscle, lateral lumbrical and
interosseous muscle, adductor pollicis, and abductor digiti
minimi muscles. The clinical importance of this tunnel is
that it may become the site of ulnar nerve compression. The
causes of such compression include: space-occupying
lesions, such as ganglion, lipoma, uremic tumoral calcino-
sis, trauma, and anatomic muscular variants, such as
abductor digiti minimi coursing through this canal [63—65].
Vascular abnormalities, such as aneurysm and thrombosis
of the ulnar artery due to repeated trauma (e.g., bicycle
riding, judo, tennis), can result in an ulnar nerve abnor-
mality called “hypothenar hammer syndrome” [66].

When a dedicated wrist coil is used, MR imaging offers a
reliable means of evaluating Guyon’s canal. The average
diameter of the ulnar nerve at the pisiform level on MR
imaging is 3 mm, and bifurcation occurs an average of
12 mm beyond the tunnel inlet. The deep motor branch is
quickly obscured by adjacent muscle after its bifurcation
[67]. The usefulness of MR imaging in Guyon’s canal
syndrome is in the detection of space-occupying lesions
within the canal and/or signal intensity and size changes of
the nerve itself (Fig. 11).
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Fig. 10 Schematic diagram of the cubital tunnel and MR imaging
features of a normal and an entrapped ulnar nerve around the cubital
tunnel. a Schematic diagram of the cubital tunnel shows that the
ulnar nerve enters the cubital tunnel beneath the CTR (A),
subsequently passing deep to the aponeurosis (b), which is formed
between the two heads of the FCU muscle (¢). b—d Axial T1-
weighted images (T1WIs) of the normal cubital tunnel from the
proximal (b) to the distal (d) levels. Note the location and size of the

Fig. 11 MR imaging features of
normal and entrapped ulnar
nerves within Guyon’s canal.

a, b Axial T1-weighted images
(T1WIs) of Guyon’s canal at the
level of the pisiform (a) and
hamate (b). The ulnar nerve
(arrows) is seen within Guyon’s
canal, passing radial to the pisi-
form and volar to the hamate.
Note that the ulnar artery
(arrowheads) passes more ra-
dially. ¢, d Axial TIWI (¢) and
fast spin-echo T2-weighted
image (FSE T2WI) of a patient
suffering from numbness of the
hand on the ulnar side. The
ulnar nerve (arrows) is in-
creased in size and signal in-
tensity (d). Relatively prominent
fat surrounding ulnar nerve and
artery within the Guyon's

canal ,which was confirmed to
be the lipoma on surgery, is
seen. Note the location of the
ulnar artery again (arrowheads)

normal ulnar nerve (arrows) in the cubital tunnel. The two heads of
the FCU are shown (arrowheads). e, f Axial fast spin-echo T2-
weighted image (FSE T2WI) (e) and a proton density-weighted
image (f) of entrapped neuropathy of the ulnar nerve at the level of
the proximal cubital tunnel. The ulnar nerve (arrows) is certainly
enlarged in comparison with the ulnar nerve more proximal or distal
to the cubital tunnel (not shown)
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Radial nerve

Saturday night palsy and other radial nerve palsies
of the upper arm

The radial nerve is the largest branch of the brachial plexus
and is the main continuation of its posterior cord. It passes
between the long and medial and subsequently between the
medial and lateral heads of the triceps muscle, posterior to
the humeral diaphysis (spiral groove of the humerus) at the
mid-diaphysis of the humerus. The spiral groove is prone to
entrapment of the radial nerve, particularly when people
sleep with their arms held in an improper position [68, 69].
Consequently, weakness of the triceps, brachioradialis, and
extensor and supinator muscles of the hand and wrist
develops.

The radial nerve is also often injured when a humeral
shaft fracture occurs at the middle and distal thirds of the
humerus, owing to the close anatomic relationship of the
radial nerve with the bone as the nerve courses through
the middle and distal thirds of the upper arm and because
of the diminished mobility of the nerve where it pierces

Fig. 12 Schematic diagram and MR imaging of the normal radial
nerve at the level of the elbow. a Schematic diagram of the course of
the posterior interosseous nerve. The radial nerve passes deep to the
brachioradialis muscle (BR) and branches into the superficial branch
and deep branch (posterior interosseous nerve, arrows). The
superficial branch (not shown) passes superficial to the supinator
muscle. The deep branch courses between the deep and superficial
heads of the supinator muscle (S) and can be compressed by the
arcade of Frohse, which is a fibrous band at the origin of the
supinator muscle. b—d Three consecutive axial T1-weighted images

the lateral muscular septum. MR imaging can depict the
radial nerve in these locations along the humeral shaft,
but inherent limited spatial resolution of MR imaging
often makes reliable depiction of it difficult. A previous
report represented the ultrasound (US) morphologies of
the normal and injured radial nerves by humeral shaft
fracture. Surgically proven morphologies of traumatized
nerves by humeral shaft fracture, in the report, were as
follows: thinned and pinched between dislocated bone
fragment; complete disruption of the nerve with stump
neuroma; flattened and stretched over the fixation device
for fracture; thickened over the displaced fracture seg-
ment; nerve buried in the callus [70].

Radial tunnel syndrome and posterior interosseous
nerve syndrome

Compression at the radial tunnel is the most common
entrapment neuropathy of the radial nerve. The radial
tunnel is an anatomic space of the elbow that is
approximately 5 cm in length, extending from the capit-

(T1WIs) of the elbow visualizing the normal course of the radial
nerve. Note the radial neurovascular bundle as clustered dots
(arrows in b and c¢). It passes deep to the BR and extensor carpi
radialis (ECR) muscles. The superficial branch passes deep to the
brachioradialis and superficial to the supinator muscle (arrowhead
in d). The deep branch (posterior interosseous nerve arrow in d)
passes between the two heads of the supinator muscle (sup) forming
the posterior interosseous nerve, which innervates the extensor
muscles of the forearm. PIA4 posterior interosseous artery
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Fig. 13 MR imaging of a patient with radial nerve compressive
neuropathy presenting with dorsoradial numbness of the forearm. a,
b Axial fat-saturated fast spin-echo T2-weighted image (FSE T2WI)
(a) and T1-weighted image (T1WI) (b) at the level of the radial head
demonstrate a cystic lesion (arrows), which can compress nearby
radial nerves. However, axial fat-saturated FSE T2WI at the level of
the proximal forearm (c¢) does not show denervation change of the
extensor muscles (arrows). No motor weakness of the extensor
muscles is present

ulum of the humerus to the distal edge of the supinator
muscle, through which the radial nerve traverses. The
radial tunnel is bounded posteriorly by the capitulum,
anteromedially by the brachialis muscle, and anterolater-
ally by the brachioradialis and extensor carpi radialis brevis
muscles. The radial nerve divides into the superficial
branch and the deep branch (called the posterior interos-
seous nerve) at a level distal to the lateral epicondyle of the
humerus and proximal to the supinator muscle [71]. The
superficial branch passes superficial to the supinator

muscle and continues to the lateral forearm, providing
only sensory branches to the dorsoradial hand. In contrast,
the posterior interosseous nerve passes in a plane between
the deep and superficial heads of the supinator muscle,
where the nerve can be compressed by the arcade of
Frohse. The posterior interosseous nerve continues into the
forearm, traveling deep along the extensor surface of the
interosseous membrane, branching off the motor fibers to
the extensor muscles of the forearm (Fig. 12).

Potential sites of nerve compression within the radial
tunnel are the fibrous band anterior to the radial head that

Fig. 14 MR imaging features of posterior interosseous nerve
syndrome. a, b Axial fat-saturated fast spin-echo T2-weighted
image (FSE T2WI) (a) and T1-weighted image (T1WI) (b) at the
proximal forearm demonstrate a huge lipoma (arrows) between the
radius and supinator muscle, possibly compressing the posterior
interosseous nerve branching off from the radial nerve. ¢ Axial fat-
saturated FSE T2WI at the mid-forearm shows increased signal
intensity and mild atrophy of the extensor muscles (arrows),
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anchors the radial nerve or its branches to the elbow joint;
the tendinous edge of extensor carpi radialis brevis; the
vessel group of the radial recurrent artery and its branches,
which is called the leash of Henry; the arcade of Frohse, a
fibrous band at the origin of the supinator muscle; and the
fascial arcade at the distal end and lateral side of the
supinator muscle [71-74].Although the terms radial tunnel
syndrome and posterior interosseous nerve syndrome are
somewhat confusing and occasionally coincide, owing to
their similar causes and anatomic location, they are
distinguished on the basis of different clinical presenta-
tions. Radial tunnel syndrome presents primarily with pain
and occasional sensory disturbances, without significant
weakness. Posterior interosseous nerve syndrome, on the
other hand, presents primarily with motor weakness of the
extensor muscle group, which is called ‘wrist drop’. This
syndrome is not accompanied by significant sensory loss
[71].

Nerve entrapment at the radial tunnel may result from
direct compression at anatomic sites mentioned previously.
Dynamic compression may also be caused by repetitive
pronation and supination, such as that experienced by
violinists, music conductors, and swimmers [71]. Mechan-
ical compression can be attributed to the ganglion cyst
(Fig. 13), lipoma (Fig. 14), vascular malformation, syno-

vitis, bicipitoradial bursitis, swelling from trauma, and
radial head dislocation [2]. MR imaging can disclose the
causes of mechanical compression.

Conclusion

For the evaluation of NECS, both MR imaging and
ultrasound provide excellent direct visualization of the
nerve and surrounding abnormalities such as space-
occupying lesions. Hence, these imaging modalities can
play a cooperative role with electrodiagnostic studies in
diagnosing NECS in atypical or inconclusive cases.

Although ultrasound is widely used for nerve imaging,
the inherent drawback of operator dependency makes MR
imaging an imaging tool of choice for entrapment and
compressive neuropathies. Moreover, in the era of high-
generation MR equipment, higher spatial resolution of MR
imaging is expected to realize more convincing visualiza-
tion of the nerves.

In conclusion, we believe that it is critical for radiologists
to be familiar with the normal morphology and anatomy of
nerve passages on MR imaging, the muscular innervations
of the affected nerve, and MR imaging features of
entrapment and compressive neuropathies.
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