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Entrapment or compression neuropathies are a group of
mononeuropathy syndromes occurring due to impingement
of a single peripheral nerve along the upper or lower extre-
mities. By definition, compression occurs in certain regions
where a nerve passes through a tight path or canal formed by
rigid or soft tissues (bone, tendon, or membrane). The true
incidence and prevalence of entrapment neuropathies is
unknown since it is an underrecognized entity. Carpal tunnel
syndrome (CTS) is the most common presentation with a
variable prevalence ranging between 3.72 and 5.8%, and an
incidenceofat least81per100,000.1–3Thismakes entrapment
neuropathies one of the most common causes of neurological
consultations in clinical practice. It is essential to learn the
anatomy surrounding the pathway of the peripheral nerves
with the highest risk of compression, in addition to the typical
clinicalmanifestations tomake an accurate diagnosis. Electro-
physiological studies combined with the recently implemen-
ted ultrasonographic visualization of the nerve are the
cornerstone in confirming the diagnosis, in addition to explor-
ing the possible cause and nature of the lesion.4 Entrapments
due to traumatic causes are beyond the scope of this review.

Median Nerve Entrapment
Anatomy
Themedian nerve receives contributions from C5, C6, C7, C8,
and T1 roots, through the end terminals of the lateral and

medial cords. It travels along the arm medially down to the
brachial artery without giving any branches. In the proximal
forearm, it innervates the pronator teres (PT), flexor carpi
radialis, and flexor digitorum sublimis (FDS). Before reaching
this level, the median nerve may be compressed under the
ligament of Struthers which lies between the supracondylar
process and the medial epicondyle of the humerus in some
cases.5,6 In the antecubital region, the median nerve runs
under the bicipital aponeurosis (lacertus fibrosus) which can
be either part of the PT or present as a separate entity
attached to the ulna.7,8 After passing under the PT, which
can be another site of nerve compression by themuscle itself,
the anterior interosseous nerve (AIN) branches off to inner-
vate the flexor pollicis longus (FPL), flexor digitorum pro-
fundus (FDP) to the 2nd and 3rd digits, and pronator
quadratus (PQ) muscles. More distally, the median nerve
can be compressed between the FDP and FDS muscles before
reaching the most common site of compression, the carpal
tunnel at the wrist. This tunnel is located in the middle third
of the wrist. The floor and sides of the tunnel are formed by
the trapezium, trapezoid, capitate, and hamate bones, while
the roof (palmar side) is formed by the flexor retinaculum
(transverse carpal ligament). Tendons of the FDP to 2nd and
3rd digits, FDS, and FPL run beside the median nerve, which
makes the area even tighter. It is important to note that
sensation of the thenar eminence is mediated by the palmar
sensory cutaneous branch that branches off the median
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Abstract Entrapment neuropathies are defined as compression of peripheral nerves due to
known or unknown causes. The high incidence and variety of presentations require a
comprehensive knowledge of these conditions, especially in neurology and orthopedic
surgery clinical practices. Detailed knowledge of topographic anatomy, clinical
manifestations, and appropriate use of electrophysiological studies with selective
addition of neuromuscular ultrasonography are needed to establish an early and
accurate diagnosis to advice patients and provide them with a comprehensive
treatment plan. In this article, we discuss the most common forms of entrapment
neuropathies in the upper and lower extremities.
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nerve before the nerve enters the carpal tunnel. Another
important normal variant to keep in mind is the high
incidence of Martin–Gruber anastomosis (connecting fibers
between the median and ulnar nerves) reaching up to 39% in
the general population and may result in misinterpretation
of the electrophysiological findings.9

Clinical
Clinical manifestation of median nerve compression varies
according to the site of entrapment.

As mentioned above, CTS is the most common entrapment
syndrome. It manifests with intermittent or persistent numb-
ness, tingling, and paresthesia with or without pain in the
palmar aspect of the first three digits that may be reported by
patients as being all over the palm, radiating up to the forearm
(and even shoulder), and frequently awakening patients from
sleep.Motor involvementmaymanifest inadvancedconditions
as weakness in thumb opposition and thumb abduction
(abductor pollicis brevis muscle) along with atrophy in the
thenarmuscles. Patients complainof reducedhanddexterityas
well as hand grip weakness, especially in performing actions
like turningdoorknobs,buttoningshirts,orusingsmartphones.
Physicians should always consider an alternate diagnosis in the
presence of neck pain. Tinel’s and Phalen’s bedside testingmay
help with diagnosis but have low sensitivity (43 and 67%,
respectively),10 which can be subjective due to significant
intra- and interexaminer difference in technique application.11

The most proximal nontraumatic median nerve entrap-
ment is due to the presence of ligament of Struthers in the
supracondylar area. Patients complain of local pain in the area
of the ligament in addition to symptoms occurring in the area
of distribution of median nerve such as paresthesias in the
palmar aspect of thefirst three digits and the radial side of the
4th digit, and weakness in PT as well as median-innervated
intrinsic hand muscles. In addition, pronation and/or supina-
tion with extended elbow may aggravate the symptoms and
even reduce the radial pulse.12,13

Moving distally, the median nerve can be entrapped by
either the FDS, bicipital aponeurosis, or PTmuscle itself. This
will lead to a pronator syndrome (PS). The onset of symptoms
is usually insidious, similar to the entrapment caused by the
ligament of Struthers; however, the pain is more localized to
the proximal forearm, namely, the PT muscle, while sparing
its function. The motor deficit in the median innervated
intrinsic hand muscles is usually mild, while paresthesias in
the digits are more prominent with repetitive pronation
without the nocturnal onset typically seen in CTS.14 Anterior
interosseous syndrome (AIS) is another acquired entrapment
due to compression of the AIN by the same tissues as in the
PS. The clinicalmanifestationmaybe complete or incomplete
paresis of FPL, FDP of the 2nd and 3rd digits, and PQmuscles.
Patients usually present with dull pain in the forearm,
inability to flex the distal phalanx of the thumb, index, and
middle fingers, and an inability to pronate in the flexed
elbowposition. The inability tomake a round circle using the
thumb and index/middle fingers (OK sign) is a typical
characteristic (►Fig. 1). However, no sensory deficit or
paresthesias are typically seen in this syndrome.15

Electrophysiological Studies
For patients with CTS, the American Association of Neuro-
muscular and Electrodiagnostic Medicine (AANEM) guide-
lines recommend performing median sensory nerve
conduction study (NCS) across the wrist recording at a
distance of 13 to 14 cm. In case of a normal result, it is
recommended to perform comparative study of either the
median mixed NCS across the wrist with ulnar mixed NCS
across the wrist using the same recording distance (7–
8 cm), or median sensory with ulnar/radial sensory NCS
across the wrist of the same hand, or sensory/mixed median
NCS across the carpal tunnel with sensory/mixed NCS of
proximal or distal parts of the median nerve in the same
limb. Median motor NCS should also include the recording
of another motor NCS of another nerve/muscle in the same
limb (►Fig. 2). Other techniques such as comparative
studies of median motor distal latency (DL) to ulnar motor
DL, median motor terminal latency index, and others are
considered optional. Needle electromyography (EMG) is
also considered optional. Muscles innervated by C8-T1 roots
including thenar muscles innervated by the median nerve
can be performed to rule out root disease.16 A drop in
amplitude of median compound muscle action potential
(CMAP) from the elbow stimulation site to the wrist sti-
mulation site while recording in the median-innervated
thenar muscles should raise the possibility of the presence
of a Martin–Gruber anastomosis.

Fig. 1 Anterior interosseous syndrome. The patient is asked to
perform the “OK” sign. Weakness in flexor pollicis longus (FPL) and
2nd flexor digitorum profundus (FDP) can be noted.
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In AIS, motor NCS of the AIN using surface electrodes may
be of limited value because the prolonged motor latency to
the FPL may be masked by the normal motor latency to the
other median-innervated muscles of the forearm. Needle
EMG may show neuropathic changes in the PQ, FPL, and FDP
muscles.17 NCS and needle EMG are of limited value in
confirming the diagnosis of PS.18

Ultrasonography
AANEM guidelines recommend performing diagnostic ultra-
sound in suspected CTS when the technique is available.19

Studies have shown that the cross-sectional area (CSA) of the
median nerve greater than 10 to 12 mm2 has a sensitivity of
89% and a specificity of 90% in diagnosing CTS.20 However,
electrophysiological studies remain the gold standard for the
diagnosis of CTS.

Treatment
The American Academy of Orthopedic Surgeons’ guidelines
suggest that conservative treatment such as wrist immo-
bilization and steroid injection into the carpal tunnel have
good evidence in improving patient outcomes in CTS. There
is less evidence for oral steroids, laser therapy, ketoprofen
phonophoresis, and therapeutic ultrasound. Surgical
release of the median nerve showed a greater benefit in
comparison to conservative treatment in the long term.21

Selecting treatment options should be individualized
according to the severity of the condition and coexisting
comorbidities. A trial of immobilization with wrist splint-
ing (mainly at night) and oral anti-inflammatory agents can
be recommended in mild CTS before surgery, while
patients with severe CTS should be offered the surgical
option directly.

Evidence for treatment of PS and AIS are lacking. Several
reports suggested that conservative treatment alone is
enough and can lead to recovery after 12 to 18 months in
PS and AIS.22,23 Surgical decompression might be
attempted, although published small series reported con-
troversial results.22

Ulnar Nerve Entrapment

Anatomy
The ulnar nerve is formed mainly by the C8-T1 nerve roots
through the lower trunk and via the medial cord of the
brachial plexus. It descends through themedial arm, piercing
the medial intermuscular septum, and passes through the
arcade of Struthers. At the level of the elbow, the ulnar nerve
passes superficially between the medial epicondyle and
olecranon, the so-called ulnar groove. Anconeus epitro-
chlearis muscle, an anomalous muscle that lies between
the medial epicondyle and olecranon, may be found in up
to 34% of individuals andmay cause compression of the ulnar
nerve.24 Distal to the elbow, the ulnar nerve passes through
the cubital tunnel. The medial wall of the cubital tunnel is
formed by the medial epicondyle, while the lateral border is
formed by the olecranon, medial collateral ligament, and
thickened fascia (arcuate ligament) between the two heads
of theflexor carpi ulnarismuscle (FCU). The roof is formed by
the epicondyle-olecranon ligament (Osborne ligament),
while the floor is formed by the elbow capsule. The ulnar
nerve innervates the FCU and FDPmuscles to digits 4 and 5 in
this area. In the forearm, the ulnar nerve travelsmedial to the
ulnar artery. At the distal forearm, the dorsal ulnar sensory
cutaneous branch takes off proximal to the wrist and inner-
vates the dorsal medial hand. At the level of the wrist, the
ulnar nerve enters the Guyon’s canal, which is formed by the
wrist bones (pisiform, hamate, and triquetrum bones) and
the transverse carpal ligament. Guyon’s canal is divided
according to a three-zone classification. Zone 1 contains
the ulnar nerve trunk proximal to its superficial and deep
branches, zone 2 contains the deepmotor branch of the ulnar
nerve, and zone 3 includes the superficial sensory branch.25

The deep motor branch innervates the flexor digiti minimi,
opponens digiti minimi, and abductor minimi digiti (ADM)
muscles, then terminates by innervating the interosseous,
3rd and 4th lumbricals, adductor pollicismuscles, and part of
theflexor pollicis brevismuscle. The superficial branch of the

Fig. 2 Left median neuropathy at the wrist. A 65-year-old female presenting with left hand numbness. (A) Left median nerve motor response
showed a moderately prolonged distal motor latency with normal compound muscle action potential (CMAP) amplitude and normal forearm
conduction velocity. (B) Left median nerve sensory response showed moderately reduced sensory nerve action potential (SNAP) amplitude with
a moderately prolonged peak latency and slow conduction velocity across the wrist.
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ulnar nerve gives sensory innervation to the medial part of
the 4th and 5th finger, as well as the space between them.

Clinical
Compression of the ulnar nerve may occur in the forearm at
the level of the ligament of Struthers, anconeus epitro-
chlearis muscle (if present), ulnar groove or cubital canal
due to stretching, and elbow flexion/extension leading to
either compression or subluxation of the nerve from the
groove. Less commonly, the ulnar nerve can be entrapped at
the level of the Guyon’s canal by a bony spur, ulnar artery,
aneurysm, or cyst.

Ulnar nerve entrapment at the elbow is the second most
common form of entrapment after CTS. Ulnar nerve entrap-
ment at the elbow can cause sensory and/or motor symp-
toms. Patients may complain of numbness/tingling involving
themedial hand and 4th and 5th fingers. Painmay be present
in the ulnar groove, and may be precipitated by palpation
with simultaneous flexion and extension of the elbow.
Patients may complain of reduced hand dexterity and weak-
ness of the intrinsic hand muscles. They may also report
inability to form a full grip (weakness of ulnar FDP muscles),
or may note that their 5th finger is getting trapped outside
while trying to insert their hand in their pocket. Upon
inspection and in severe cases, atrophy of intrinsic hand
muscles and appearance of the Benediction posture may be
present. In this case, there is a resting extension in the 4th
and 5th metacarpal joints, with flexion in the 4th and 5th
proximal and distal interphalangeal joints secondary to
weakness in the 3rd and 4th lumbricals. The “Froment’s
sign” may be also evident, with the patient try to hold a
piece of paper with their thumb and index fingers. In this
case, there will be compensatory flexion of these two fingers
(median innervation) due to weakness of the intrinsic mus-
cles. Absence of sensory symptoms in the dorsalmedial hand
may indicate ulnar nerve compression at the level of the
wrist, thus sparing the dorsal ulnar sensory cutaneous
branch.

Electrophysiological Studies
Electrophysiological testing is considered the gold standard
for diagnosing ulnar neuropathy at the elbow. The AANEM
has released a practice parameter for the correct use of this
diagnostic tool.26 It is recommended that NCS should be
performed with the elbow being in a moderately flexed
position (70–90 degrees) to get a true ulnar nerve length.
The routine motor NCS of the ulnar nerve should include
stimulation at the wrist, below the elbow, and above the
elbow while placing the recording electrodes over the ADM
(►Fig. 3). A 10-cm distance between the two stimulation
sites across the elbow has the highest yield in finding the
entrapment. The distance from the elbow (medial epicon-
dyle) to the distal stimulation point should not be greater
than 3 to 4 cm. Several abnormal findingsmay suggest a focal
lesion across the elbow: absolute motor nerve conduction
velocity (NCV) fromabove to belowelbowof less than 50m/s,
an above to below elbow NCV slowing of at least 10 m/s in
comparison the wrist-below elbow segment NCV, or a 20%

reduction in CMAP amplitude and/or area from below to
above elbow stimulation sites (conduction block or temporal
dispersion). As for sensory NCS, side-to-side comparison is
important specially when the ulnar sensory response is
within normal limits but clinical suspicion is high. Motor
NCS recording from thefirst dorsal interosseousmuscle (FDI)
may help in fascicular involvement where the fascicles to
ADMare spared (►Fig. 4). A 1- or 2.5-cm incremental inching
study between the below to above elbow stimulation sites
looking for abnormal changes in CMAP amplitude, area, or
latency may further aid in diagnosis and localization. Needle
EMG examination of ulnar innervated muscles including the
ADM or FDI and other nonulnar innervated C8-T1 muscles,
lower trunk, and medial cord muscles may help in excluding
other lesions.

There is no consensus to diagnose ulnar neuropathy at the
wrist. In addition to the routine motor and sensory studies
that are used to evaluate the ulnar nerve at the elbow, other
less commonly used techniques are recommended and
include ulnar motor NCS with stimulation across the wrist
while recording from the FDI. The resulting DL can be

Fig. 3 Ulnar neuropathy at the elbow. A 43-year-old man presenting
with numbness in the right ulnar nerve sensory distribution. Nerve
conduction study revealed a significantly slow conduction velocity
across the elbow segment.

Fig. 4 A 34-year-old man presenting with numbness in the medial
aspect of the left hand. Left ulnar motor nerve conduction studies
recording over the first dorsal interosseous muscle reveal a partial
conduction block with slowing of conduction velocity across the
elbow segment.
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compared with the recorded DL from the contralateral FDI
and ipsilateral ADM.27 A normal sensory NCS of the dorsal
ulnar cutaneous nerve may further support a diagnosis of
ulnar neuropathy at thewrist.28A conduction block found on
inching study across the wrist while recording from the FDI
may increase the sensitivity of the study and give a more
precise localization.29 Another technique is to stimulate
proximally and distally (palmar) to thewrist while recording
from the FDI, looking for conduction block or focal slowing
across the wrist.30

Ultrasonography
As in CTS, electrophysiological studies remain the gold stan-
dard for diagnosis. Ultrasonographymay aid in confirming the
diagnosis andvisualization of the injured ulnar nerve. The CSA
of a normal ulnar nerve at the elbow is 8 to 11 mm2, and an
increase in these values may suggest an injury possibly due to
entrapment.31 The sensitivity and specificity of diagnosing
ulnar neuropathy at the elbow by ultrasound reaches up to
93 and 50%, respectively.32 Ultrasonographic examination of
the ulnar nerve at the wrist has been less frequently studied.
One study reported a normal CSA at thewrist crease at around
5.9 mm2,33 while another study reported a normative CSA at
the level of Guyon’s canal around 7 mm2.34

Treatment
There is no consensus or guidelines concerning the best
treatment modalities for ulnar nerve entrapment at the
elbow. Conservative treatment is recommended as a start in
mild to moderate conditions. A mean period of 22-month
follow-up of patients with mild cubital tunnel syndrome
resulted in symptom resolution in 90% of cases.35 Another
study involved the application of night splinting, nerve
gliding, or just informing patients about the diagnosis
resulted in subjective and objective improvement of symp-
toms in 89.5% of patients in mild to moderate cubital tunnel
syndrome after a 6-month follow-up.36 Local injection of
corticosteroids was found to be ineffective when compared
with placebo.37

Surgical treatment is usually conserved for severe cases,
or failure of conservative treatment after 3 or more months.
The two proposed surgical modalities are simple nerve
decompression or nerve transposition surgeries. A Cochrane
review of 9 randomized controlled trials involving 587
participants with ulnar neuropathy at the elbow showed
that both surgical options were equally effective, but the
transposition was associated with higher possibilities of
complications.38

Treatment of ulnar nerve entrapment at the wrist
may include conservative and/or surgical options. The
approach is the same as in ulnar entrapment at the elbow,
where it is recommended to start with conservative treat-
ment in mild to moderate cases, which consists of patient
education, avoiding mechanical overload on the wrist,
and splinting for up to 12 weeks. In severe conditions or
in case of failure of conservative treatment, surgical
exploration and decompression of the nerve is
recommended.39,40

Radial Nerve Entrapment

Anatomy
The radial nerve receives innervation from C5 to T1 roots
through the posterior divisions of the three trunks, and is
actually the continuation of theposterior cord. At the proximal
part of the arm, the radial nerve gives off three branches: the
posterior cutaneous nerve of the arm, the lower lateral cuta-
neous nerve of the arm, and the posterior cutaneous nerve of
the forearm. This is followed by branches innervating the
triceps brachii muscle (all three heads), and the anconeus. In
the middle arm, the radial nerve wraps around the posterior
humerus bone at the spiral groove. At the elbow level and
anterior to the lateral epicondyle, the radial nerve gives
branches to the brachioradialis and extensor carpi radialis
muscles, then divides into two branches (superficial and deep)
just after passing the lateral epicondyle. The superficial branch
moves over the radial bonewithout giving any branches in the
forearm. After passing the wrist, the superficial branch gives
sensory innervation to the lateral part of the dorsal aspect of
thehand, aswell as to thedorsal aspectof thethumbanddorsal
aspects of the proximal phalanges of the 2nd, 3rd, and 4th
digits. The deep branch innervates the supinator and the
extensor carpi radialis brevismuscles, before piercing through
the arcade of Frohse. The arcade of Frohse is a membranous
structure which forms the superficial layer of the supinator
muscle. The mean distance from the lateral epicondyle to the
arcade of Frohse is about one-fifth of the distance from
the lateral epicondyle to the styloid process of the radial
bone,while its length is approximately0.8cm.41After entering
this structure, the deep branch becomes the posterior inter-
osseous nerve (PIN). The PIN gives several motor branches to
innervate wrist, thumb, and finger extensors, including the
extensor digitorum communis (EDC), extensor carpi ulnaris,
extensor indicis proprius (EIP), abductor pollicis longus, and
extensor pollicis longus and brevis muscles.

Clinical
The radial nerve is less commonly entrapped compared with
the ulnar and median nerves. It can be compressed at several
levels along itspath. Compression canoccur at the axilla, spiral
groove, along the PIN course, or along the superficial branch of
the nerve.

Radial nerve entrapment at the level of the spiral groove of
the humerus is the most common site of entrapment. It can
occur due to prolonged immobilization or direct compres-
sion of the nerve over the humeral bone in case of prolonged
bending of the arm over a chair while being under the effect
of an intoxicant (Saturday night palsy). Humeral fracture is
the most common secondary cause of radial nerve entrap-
ment at this level. Patients usually present with an extended
limb in the pronated position (weak brachioradialis and
supinator muscles), and a wrist drop (weakness of wrist
andfinger extensormuscles). Sensory deficitmay involve the
lateral part of the dorsal aspect of the hand and the dorsal
aspect of the first three digits (superficial sensory radial
branch). Physical examination reveals spared triceps muscle
function.
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Radial nerve compression may also occur in the axilla,
usually from an inappropriate use of crutches. The clinical
picture is the same as in the case of entrapment at the spiral
groovewith the additional involvement of the tricepsmuscle
(weakness in elbow extension) and sensory deficit in the
lateral arm and posterior aspect of the forearm. Physical
examination should include the deltoid and latissimus dorsi
muscles to exclude a more proximal lesion (posterior cord).

A form of radial nerve entrapment is compression of the
PIN by the arcade of Frohse in the proximal forearm. This is
caused by repetitive supination or by external compression.
Patients usually complain of local pain precipitated by
supination with weakness of finger extension but relative
sparing of wrist extension with no sensory deficit.

Cheiralgia paresthetica is a radial neuropathy syndrome
that involves the superficial sensory radial nerve branch due
to external compression of tight objects over the wrist
(superficial branch passes over the radial bone). Patients
usually complain of numbness and paresthesias in the radial
nerve sensory territory over the dorsal aspect of the hand
and fingers with an absence of weakness.

Electrophysiological Studies
There are no guidelines on electrodiagnostic studies of the
radial nerve. Radial motor NCS should be performed on both
limbs and should include recording of EIP muscle (recording
electrode 2–3 cm proximal to the ulnar styloid with refer-
ence electrode over the ulnar styloid) while stimulating over
the forearm, lateral elbow, below the spiral groove (area
between biceps and triceps muscles), and above the spiral
groove. A drop in CMAP amplitude and/or area, presence of
temporal dispersion, conduction block, or a significant
difference in amplitude between the two limbs (50% side-
to-side comparison) is more important than conduction
velocity values, due to technical difficulty of measuring the
true length of the radial nerve. Radial sensory NCS involves
recording from the superficial sensory branch where the
recording electrodes are placed over the extensor tendons of
the thumb while stimulating proximally at the forearm over
the radial bone approximately 10 cm from the recording
electrode. Needle EMG should include the triceps, brachior-
adialis, EDC, and EIP muscles. Triceps muscle is typically
spared in case of radial nerve compression at the level of the
spiral groove, while both triceps and brachioradialis muscles
are spared in PIN involvement. Additional examination of the
deltoid, cervical paraspinals, and other nonradial innervated
muscles receiving contribution from C7 nerve roots are
important to exclude a more proximal lesion.42

Ultrasonography
Ultrasonography of the radial nerve can aid in diagnosis and
localization, and can reveal possible causes of nerve entrap-
ment. Themean CSA of the radial nerve at the spiral groove is
around 10 mm2,43 while the mean CSA of the nerve at the
arcade of Frohse is around 0.5 to 1.42 mm2.44 The CSA of the
superficial sensory branch of the radial nerve ranges from 1
to 3 mm2.45 More studies are needed to increase the diag-
nostic value of this testing modality.

Treatment
There is no consensus concerning the treatment of radial
nerve entrapment. Conservative care is the mainstay for
management in the absence of secondary causes. This
includes rest, physical therapy, and patient education to
avoid possible postures or positions leading to further com-
pression. A retrospective review revealed that most patients
show a complete recovery in 3 to 4 months.46 Steroid
injection may relieve local pain symptoms.47 Surgical treat-
ment may be considered in the presence of secondary causes
(external compression) as mentioned earlier, or in case of
failure of conservative treatment. Variable success rates have
been reported with decompression of the radial nerve.48,49

Fibular (Peroneal) Nerve Entrapment

Anatomy
The fibular nerve receives innervation from L4 to S1 (mainly
L5) nerve roots through the sciatic nerve. The common fibular
nerve runs in a separate fasciclewithin the sciatic nerve in the
posterior thigh, where its fibers innervate the short head of
the biceps femoris muscle. The common fibular nerve sepa-
rates completely as an independent nerve before reaching the
popliteal fossa, where the other part of the sciatic nerve
becomes the tibial nerve. At the level of the popliteal
fossa, the lateral cutaneous nerve of the knee branches off.
After that, thefibular nerve passes around thefibular neck and
through thefibular tunnel. The fibular tunnel is formed by the
fibular bone and peroneus longus muscle. At that level, the
fibers that will eventually form the deep fibular nerve cross
moremedially (near thefibular tunnel) in comparison to those
that will form the superficial fibular nerve. After bifurcation,
the deep fibular nerve gives off branches to the anterior
compartment which includes peroneus tertius, tibialis ante-
rior (TA), extensor digitorum longus, and extensor digitorum
brevis (EDB)muscles. At the level of the ankle, the deepfibular
nerve enters the anterior tarsal tunnel which is formed by the
inferior extensor retinaculum (roof) and fascia overlying
the talus and navicular bones (floor). After passing through
this tunnel, the nerve gives sensory innervation to the web
spacebetween thefirst and second toes. The superficialfibular
nerve gives off branches to innervate themuscles of the lateral
compartment, including the peroneus longus and brevis
(ankle evertors), as well as sensory innervation to the lateral
two-thirds of the calf. At the footdorsum, it divides intomedial
and intermediate dorsal cutaneous nerves,which give sensory
innervation over the dorsal and dorsomedial parts of the foot.
In up to 40% of the population, an accessory deepfibular nerve
that arises from the superficial fibular nerve can be identi-
fied.50 It travels posterior to the lateral malleolus and inner-
vates the lateral EDB muscle.

Clinical
The fibular neck is the most common site of entrapment of
the common fibular nerve, and is considered the most
common type of entrapment in the lower limb.51 It can
present as an acute neuropathy caused by sedation, pro-
longed immobilization, force stretch, prolonged squatting, or
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leg crossing. It can also present in an insidious, progressive,
and chronic manner after weight loss, repetitive traumatic
maneuvers (e.g., squatting, leg crossing), or after an external
compression of a slowly growing tumor. Patients usually
complain of motor deficit such as gait abnormality, frequent
tripping, or needing to raise the limb higher than usual to
avoid toe or foot dragging (steppage gait). Less commonly,
patients complain of decreased sensation over the dorsum of
the foot and lower lateral calf, and/or local pain in the lateral
knee. Examination may reveal Tinel’s sign over the fibular
neck. Clinicians should pay attention to differentiating
fibular neuropathy from a higher site of pathology such as
sciatic nerve lesions, lumbosacral plexus lesions, or an L5
radiculopathy. All of these pathologies may present with a
foot drop, weakness of foot eversion and dorsiflexion, and
sensory deficits involving the same dermatomes. However,
weakness of foot inversion, decreased ankle jerk reflex, or
sensory deficit in the sole of the foot and lateral knee area
should raise suspicion for a sciatic nerve lesion. Additional
weakness in thigh abduction or sensory disturbances in the
thighs may indicate an L5 radiculopathy. An objective exam-
ination of foot inversion and eversion in cases of foot drop
should involve holding the foot back in its normal position
before attempting to examine the motor power.

Isolated entrapment of the distal deep fibular nerve
(anterior tarsal tunnel syndrome) can be either caused by
an external pressure and/or local changes in the structures
forming the tunnel. Several factors contributing to these
causes include trauma (sprain or fracture), wearing tight
shoes or high heels, osteoarticular changes in bones, abnor-
mal postures, and local edema. Patients usually complain of
numbness and paresthesia locally or in the first interdigital
space. These symptoms could occur in certain foot positions
or may be related to footwear. They can also occur at night. In
severe cases, mild weakness in toe extension and atrophy of
the EDB muscle can occur, but weakness should not become
severe since other toe extensors compensate for this
function.52,53

Superficial fibular nerve entrapment is rare and difficult
to diagnose. It may be entrapped proximally between the
fascia of the lateral compartment of the leg. In this case, the
patient may present with weakness in foot eversion and
dorsiflexion (weakness in the peroneus longus and brevis) as
well as pain and a sensory deficit in the lower lateral and
dorsum of the foot excluding the area innervated by the deep
fibular nerve. The superficial fibular nerve can also be
entrapped distally at the level of the ankle as it emerges
from the deep fascia subcutaneously. In this condition, the
symptoms are limited to local pain and sensory symptoms
without motor deficit.54–56

Electrophysiological Studies
Nerve conduction studies and needle EMG are recom-
mended to localize and diagnose patients presenting with
foot drop or other presentations of a possible fibular nerve
entrapment. The AANEM recommends performing fibular
nerve motor NCS recording at the EDB and TA, stimulating at
the ankle as well as proximally below and above the fibular

head (►Fig. 5). It is also recommended to perform a fibular
nerve sensory NCS. Additional motor and sensory NCS of
other healthy nerves of the same and contralateral limb are
recommended to exclude a higher lesion or a systemic
pathology.57 Fibular as well as tibial nerve F-wave latencies
can be performed. Sensory NCS of the deep and superficial
fibular nerve branches can further support or exclude the
involvement of one or both of these nerves. Needle EMG is
highly recommended to be performed in all cases, since NCS
solely cannot exclude a higher lesion (sciatic nerve, lumbo-
sacral plexus, or L5 root). This part of the examination may
start with sampling of fibular innervatedmuscles like the TA
(deep fibular nerve) and peroneus longus (superficial fibular
nerve). The EDB muscle is usually avoided due to a higher
rate of false positive results.58 Muscles innervated by the
tibial nerve may be sampled next, especially the posterior
tibialis muscle as it derives its innervation from L5 root.
Sciatic nerve involvement can be excluded by sampling
hamstring muscles, especially the short head of the biceps
femoris muscle since it is a part of the fibular fascicle in the
sciatic nerve and its branch takes off above the fibular head.
In case of positive findings in all of the above-mentioned
muscles, examination of gluteal and/or lumbar paraspinal
muscles is recommended.

Ultrasonography
Ultrasonography may be used in fibular neuropathy. It can
add valuable information to electrophysiological studies
regarding the cause, exact area, and severity of entrapment,
where the latter can have a prognostic value. The mean CSA
of thefibular nerve at the popliteal fossa and thefibular head
are around 12 and 11 mm2, respectively.59 A study done on
patients with fibular nerve entrapment at the fibular head
showed that the CSA is normal in patients with conduction
block, while the CSA is increased in patients with axonal
damage. This is important, as a possible diagnostic/

Fig. 5 A 27-year-old man presenting with right foot drop of several
weeks’ duration. He also reports rapid weight loss after undergoing a
gastric sleeve surgery. Motor nerve conduction studies of the right
fibular (peroneal) nerve showed a partial conduction block across the
fibular head.
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prognostic value in cases of fibular nerve conduction block as
normal CSA might indicate a better prognosis.60 Further-
more, it was shown that the damaged common fibular nerve
fascicle can be visualized and accurately delineated.61 Simi-
larly, ultrasonography may aid in localizing any entrapment
in the superficial and deep branches of the fibular nerve.62

Treatment
There is no consensus concerning the management of com-
mon fibular nerve entrapment. The initial management
usually starts with patient education to avoid certain posi-
tions such as squatting, leg crossing, and others. A special pad
may beworn over thefibular head area to avoid spontaneous
nerve compression especially at night. Ankle-foot orthoses
can be used in severe cases to maintain a normal posture
while walking. Physical therapy focusing on strengthening of
fibular-innervated muscles is the mainstay of conservative
therapy.

There are no guidelines concerning when and where the
surgical approach should be entertained. Surgical explora-
tion and repair is usually considered in cases of traumatic
lesions (especially in the absence of nerve continuity on
electrophysiological examination), any sudden deterioration
of the clinical condition, or when there is no improvement
within 3 months. Reports on surgical exploration using
either open technique or microsurgery have revealed
variable results; however, there are increased rates of
improvement in motor and sensory deficits especially in
cases of idiopathic entrapment.63,64

Superficial fibular nerve entrapment, once diagnosed, is
usually treated conservatively with physical therapy.65 Sur-
gical decompression may help reduce pain in severe cases.66

There is a lack of guidelines concerning the treatment of
anterior tarsal syndrome. Currently, the approach is guided
by the clinical condition and starts with conservative mea-
sures such as shoe modification and physical therapy. Surgi-
cal treatment may be attempted in selected cases.67,68

Tibial Nerve Entrapment

Anatomy
The tibial nerve receives a similar contribution from L4 to S1
(mainly S1) nerve roots through the sciatic nerve and
becomes a completely independent nerve at the level of
the popliteal fossa. The tibial nerve innervates all muscles
of the posterior compartment of the leg including the super-
ficial compartment (plantaris, soleus, and gastrocnemius)
and deep compartment (popliteus, flexor hallucis longus,
flexor digitorum longus, and tibialis posterior). The sensory
contribution of the tibial nerve in the leg is limited to the
cutaneous branch at the level of the popliteal fossa that
eventually joins another branch off the common fibular
nerve to form the sural nerve. At the level of the ankle, the
tibial nerve travels beneath the medial malleolus and passes
through the tarsal tunnel. This tunnel is formed by themedial
malleolus, calcaneus, and talus bones. The tunnel’s fibrous
roof is formed by the flexor retinaculum (band extending
from medial malleolus to medial calcaneus). In addition to

the tibial nerve, this tunnel contains the tibial artery and
vein, and four foot intrinsic muscle tendons. Thereafter, the
tibial nerve gives one or two sensory branches to the
calcaneal area of the foot (medial and lateral calcaneal
nerves). Distally in the foot, the tibial nerve divides into
the medial and lateral plantar nerves, which are mixed
nerves. The medial plantar nerve gives motor innervation
to the abductor hallucis, flexor digitorum brevis, flexor
hallucis brevis, and first lumbricals, while the sensory
innervation covers the medial part of the sole, the first three
toes, and the medial part of the 4th toe. The lateral plantar
nerve gives motor innervation to the flexor digitorum acces-
sorius, abductor digiti minimi quinti pedis, flexor digiti
minimi, 2nd, 3rd, and 4th lumbricals, and 2nd, 3rd, and
4th interosseous muscles. The sensory innervation of this
nerve covers the lateral part of the sole, the 5th toe, and the
lateral part of the 4th toe.

Clinical
Tarsal tunnel syndrome (compression of tibial nerve in the
tarsal tunnel) is still a controversial topic. It clinically man-
ifests with sensory symptoms including pain, numbness,
burning, or tingling in the area of compressionwith radiation
of the symptoms toward the sole or heel depending on the
level of compression. Symptoms may be exacerbated by
weight bearing and maybe present at night. Tinel’s sign
may be detected near the medial malleolus, in addition to
atrophy of intrinsic foot muscles (a nonspecific finding).
Idiopathic entrapment is rare. External compression due to
space occupying lesions, edema, or joint/bone degenerative
changes (athletes, prolonged weight bearing, inflammatory
disease) are common causes.69,70

Morton’s neuroma (intermetatarsal neuroma) is a term
referred to pathological thickening of one of the common
digital nerves (branches of medial or lateral plantar nerves)
laying near the metatarsal heads.71 It is still debatable
whether this condition is caused by direct compression of
the distal metacarpal transverse ligament or other factors
such as trauma or high heels.72 This condition affects mostly
females, may be bilateral (one-fifth of cases), and is mostly
located in the third interdigital space.72 It manifests as
burning, shooting, or sharp pain in the forefoot, mainly in
the interdigital space radiating to the corresponding toe and
proximally to the whole foot.73

Electrophysiological Studies
The electrophysiological testing in tarsal tunnel syndrome is
difficult and may be misleading. Motor, sensory, or mixed
NCSmay reveal absent responses even in healthy subjects. In
addition to the small obtained responses, age and effect of
temperature are important factors. According to the AANEM
recommendations,74 these studies may include mixed or
sensory NCS of medial and lateral plantar nerves, in addition
toNCS of fibular, tibial (including F-wave latencies), and sural
nerves. The latter is done to exclude plexopathy and poly-
neuropathy. Needle EMG of the intrinsic foot muscles of both
plantar nerves (e.g., abductor hallucis brevis and abductor
digiti quinti pedis) is rarely performed due to patients’ pain
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intolerance and presence of pathologic changes (sponta-
neous activity and large motor unit action potentials) in
these muscles even in normal subjects.

Electrodiagnostic studies are of limited value in a Mor-
ton’s neuroma. One recent study suggested that sensory NCS
stimulating the medial and lateral surfaces of the two
affected toes (digital nerves) while recording at the medial
malleolus level has a sensitivity that may reach 57%.75 A
higher sensitivity reaching 90% was reported performing the
same NCS while using subdermal electrodes.76

Ultrasonography
Ultrasound testing in patients with tarsal tunnel syndrome
and Morton’s neuroma may be of greater diagnostic value
than electrophysiological testing. Ultrasonography can show
enlargement of the tibial nerve distal to the tarsal tunnel
compared with a level proximal to the tunnel with a sensi-
tivity of 61% and specificity of 74%.77,78Ultrasonography and
magnetic resonance imaging are of similar accuracy in
diagnosing Morton’s neuroma.79,80

Treatment
There are no trials to guide treatment strategies in tarsal
tunnel syndrome. Choosing a treatment modality should be
according to the cause and severityof each case. Conservative
treatment consists of patient education and physical therapy.
Decompressive surgery may be attempted in case of treat-
ment failure or in severe cases, with up to 71% reported
improvement in symptoms.81

Conservative treatment of Morton’s neuroma starts with
application of a plantar orthosis. Treatment with alcohol
injections, steroid injections, botulinum injections, and
extracorporeal wave therapy may lead to partial relief of
symptoms.82–85 Surgical excision yields a good to excellent
outcome in more than 70% of reported cases.86,87

Lateral Femoral Cutaneous Nerve

Anatomy
The lateral femoral cutaneous nerve is directly derived fromL2
to L3 roots. It passes over the iliacmuscles toward the anterior
superior iliac spine and crosses under the inguinal ligament. It
becomes superficial at approximately 10 cm below the liga-
ment and provides sensory innervation over the lateral part of
the thigh. Different anatomical variations of the nerve path
impose a challenge in diagnosis and surgical treatment.88,89

Clinical
Lateral femoral cutaneous neuropathy, ormeralgia paresthe-
tica, most commonly affects adult males. Risk factors include
obesity, diabetes mellitus, occupation-related risk factors,
pregnancy, local surgery, use of corticosteroids, and wearing
tight fitting clothes.90,91 Clinical manifestations include
numbness, tingling, burning, or stabbing sensation in the
lateral aspect of the thigh. Patients are usually able to localize
the exactly affected dermatome, but symptoms may change
with changes in posture. Examinationmay reveal tenderness
over the lateral part of the inguinal ligament.

Electrophysiological Studies and Other Diagnostic
Utilities
NCS of the lateral femoral cutaneous nerve should be always
interpretedwithcaution, especially inobesepatientsor in case
of absent responses.42 Side-to-side amplitude ratio > 2.3
yields a higher sensitivity than sensory nerve action potential
amplitude.92 NCS of other nerves and needle EMG of selected
muscles should be always performed to rule out other causes.
Ultrasonographicexaminationmayshow focal enlargement in
nerve diameter and reveal the possible underlying cause.93,94

Treatment
Most cases of meralgia paresthetica resolve with conserva-
tive treatment, which consists of avoiding tight clothes or
belts, weight loss, administration of medications used in
neuropathic pain, and local anesthetics. Local injection of
corticosteroids, anesthetics, and radiofrequency nerve abla-
tion may be attempted.95,96 Surgical treatment consists of
neurolysis or neurectomy. Neurectomy possibly yields more
favorable outcomes according to one report.97

Conclusion

Entrapment neuropathies are a common group of conditions
encountered in general practice and a frequent reason for
neurological and orthopedic surgery referral. A detailed his-
tory, clinical examination, and electrophysiological studies
donebyawell-trained physician are needed to reach a definite
diagnosis and exclude other causes. Recently, neuromuscular
ultrasonography has emerged and has been demonstrated to
be of diagnostic value, especially in detecting the etiology and
precise localization, and may assist in treatment. A timely
diagnosis is always needed to reach better clinical outcomes.
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