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KEY POINTS

e Uncommon upper and lower extremities mononeuropathies may be challenging to diag-
nose because they may mimic disorders involving cervical or lumbosacral roots, plexopa-
thies, or non-neuromuscular disorders.

e Electrodiagnostic studies play an important role in the diagnosis, localization, and prog-
nosis of uncommon mononeuropathies.

e Knowledge of anatomy of nerves in the upper and lower extremities that are not routinely
examined and performance of appropriate electrodiagnostic testing.

In these technically difficult electrodiagnostic studies monitoring for technical problems is
critical for accurate performance and interpretation of the studies.

INTRODUCTION

Carpal tunnel syndrome (CTS), ulnar neuropathy at the elbow, and peroneal neuropathy
are the most common mononeuropathies; however other individual nerves in the upper
extremities (UE) and lower extremities (LE) may also be injured by various processes.
These uncommon mononeuropathies may be less readily diagnosed owing to unfamil-
iarity with the presentations and vague symptoms. Electrodiagnostic (EDX) studies are
essential in the evaluation of uncommon mononeuropathies and can assist in localization
and prognostication. However, they can also be challenging, because stimulation at the
proximal sites is difficult and well-validated reference values are not available. This article
reviews the EDX assessment of several uncommon UE and LE mononeuropathies.
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PROXIMAL MEDIAN NEUROPATHY

Disorders involving the median nerve proximal to the wrist are much less common
than median neuropathy at the wrist or CTS." In a series from Cleveland Clinic, only
0.2% of patients referred for EDX had findings of a proximal median neuropathy.?
The median nerve comprises of branches from the C5 to T1 roots derived from medial
and lateral cords of the brachial plexus.® The nerve enters the arm in the axilla at the
inferior margin of the teres major muscle, passes lateral to the brachial artery and be-
tween the biceps brachii and brachialis muscles (Fig. 1). It runs medial to the brachial
artery in the distal arm into the cubital fossa, passing between the heads of the pro-
nator teres (PT), and travels between the flexor digitorum superficialis (FDS) and flexor
digitorum profundus (FDP) muscles. In the cubital fossa, it gives off branches to the
flexor carpi radialis (FCR), palmaris longus (PL), and FDS muscles. The anterior inter-
osseous branches from the median nerve in the upper forearm, innervating the flexor
pollicis longus (FPL), lateral one-half of the FDP, and the pronator quadratus (PQ). In
the forearm, the median nerve also gives off sensory branches, including the palmar
cutaneous branch in the distal forearm, supplying sensation to the thenar eminence.
It then enters the hand in the carpal tunnel, and supplies the muscles of the thenar
eminence, as well as giving off digital branches to the thumb, index, middle, and lateral
ring fingers.

Etiologies and Sites of Compression

Proximal median neuropathy can occur from diverse etiologies, including trauma,
external compression from casting, venipuncture, tumors or hematoma, or as part
of a more diffuse process such as Parsonage-Turner syndrome or multifocal motor
neuropathy with conduction block.™* Nerve entrapment can occur (1) in the upper
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Fig. 1. Median nerve anatomy.
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arm from a bony spur originating from the humeral shaft just proximal to the medial
epicondyle, and a fibrous structure (ligament of Struthers) connecting the spur to
the medial epicondyle*=%; (2) by a fibrous band (lacertus fibrosus) that runs between
the forearm flexor muscles and the biceps tendon; (3) within the PT muscle, particu-
larly with anatomic variants of additional fibrous bands within the muscle; or (4)
beneath the sublimus bridge of the FDS muscle.

Clinical Features

The clinical features of proximal median neuropathies depend on the etiology and the
specific site of the lesion.?” In proximal lesions, sensory disturbance usually involves
the entire median distribution, including the hand, and sensory loss of the proximal
thenar eminence indicates a more proximal lesion than the wrist. The distribution of
weakness also depends on the site of the lesion and may involve median innervated
forearm and/or hand muscles.

Entrapment at the ligament of Struthers produces a syndrome characterized by pain
and paresthesia in the volar surface of the forearm and the median innervated digits
that is exacerbated by elbow extension or forearm supination. These positioning ma-
neuvers may also attenuate the radial pulse because the brachial artery runs under the
ligament of Struthers in the neurovascular bundle with the median nerve. Subtle sen-
sory loss may occur over the thenar eminence and weakness may be seen in the me-
dian innervated muscles in the forearm. Features in pronator syndrome are
nonspecific and often includes pain in the forearm that radiates proximally. A positive
Tinel sign may be present over the PT muscle. Symptoms may be exacerbated by
pronation-supination of the forearm. Mild weakness of the median-innervated mus-
cles is not uncommon, but severe weakness is rare.

The anterior interosseous nerve (AION) syndrome presents with unique clinical fea-
tures of weakness of thumb flexion, finger flexion for digits 2 and 3, and protonation,
resulting in a “teardrop” shape when attempting to make an “OK” sign®° (Fig. 2A, B).
Although there may be deep forearm pain or subjective sensory symptoms, cutaneous
sensation remains intact.

Electrophysiologic Features

EDX studies are useful to localize the site of lesion along the median nerve and exclude
other localizations? (Table 1). In processes characterized by axon degeneration, the
median motor nerve conduction studies recording from the abductor pollicis brevis

Fig. 2. Demonstration of clinical findings in anterior interosseous nerve syndrome. (A)
Normal “OK" sign. (B) In AION syndrome, weakness of flexor pollicis longus and flexor dig-
itorum profundus would produce a teardrop sign.
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Table 1
EDX features of proximal median neuropathies

Nerve Conduction

Studies Needle EMG
Median Median FPL,
Motor Sensory Thenar PQ,
Site (APB) (Index) Muscles FDP PT
Ligament of Struthers ABN ABN ABN ABN ABN
PT ABN ABN ABN ABN Normal
Anterior interosseous Normal Normal Normal ABN Normal

nerve syndrome

Abbreviations: ABN, abnormal; APB, abductor pollicis brevis; FDP, flexor digitorum profundus
digits 2/3; FPL, flexor pollicis longus; PQ, pronator quadratus.

or lumbricals may demonstrate low compound muscle action potential (CMAP) ampli-
tudes. When focal demyelination in the proximal nerve is present, conduction block
(CB) or abnormal temporal dispersion may be present in the forearm? (Fig. 3). If
entrapment at the ligament of Struthers is suspected, stimulation can also be per-
formed in the axilla. Although less commonly performed, median motor nerve conduc-
tion study recording from the flexor pollicis longus can be performed and reference
values have been established.’® Median F waves may be prolonged in proximal me-
dian neuropathies, but these are nonspecific and nonlocalizing.

The median antidromic sensory nerve conduction study is a technically reliable sen-
sory study to assess the median nerve. Recording is routinely made from the index
finger, but can be performed from the most symptomatic digit, and a comparison
with the unaffected side is important to assess for a relative amplitude reduction, partic-
ularly in milder cases. In proximal lesions, the distal latencies are not usually significantly
prolonged, although mild prolongation can occur secondary to axonal loss.

Because focal CB is uncommon and nerve conduction studies alone may not pre-
cisely localize the site of injury along the nerve, needle electromyography (EMG) may
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Fig. 3. Median motor nerve conduction study demonstrating partial CB and abnormal tem-
poral dispersion in a proximal median mononeuropathy.
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help to more precisely identify localization.? The proximal site of injury can often be
identified based on the proximal extent of muscles involved. If all muscles, including
the PT, are abnormal, the lesion is at or proximal to ligament of Struthers. Muscles
supplied by other nerves should also be tested to exclude brachial plexopathy or rad-
iculopathy. The findings on needle EMG reflect the underlying pathophysiology,
severity, and chronicity. Fibrillation potentials, reduced recruitment, and long duration
motor unit potentials indicate axonal loss and reinnervation. With focal demyelination,
decreased recruitment may be the only finding. Specific conditions may demonstrate
certain EDX patterns of findings.

Pronator syndrome

In the pronator syndrome, the median nerve is intermittently compressed as it courses
through the PT muscle. Rarely, focal demyelination at the site of compression results
in CB with abnormal temporal dispersion or slowed conduction velocity between the
wrist and the elbow. The median motor distal motor latency (DML) is normal, but the
median minimal F waves latency may be prolonged. The sensory nerve conduction
study (SNCS) show decreased sensory nerve action potentials (SNAP) amplitudes
and normal latency. When severe, EMG demonstrates abnormalities in nearly all me-
dian innervated muscles, although the PT is typically spared, because the branch to
the muscle is proximal to the median nerve compression as it courses through the
muscle. Needle EMG may be normal when only intermittent compression occurs.

Anterior Interosseous syndrome

In AION syndrome, the routine median motor nerve conduction study (MNCS) and
SNCS are normal. The median motor nerve conduction study recorded from the pro-
nator quadratus muscle may demonstrate a low CMAP amplitude relative to the unaf-
fected side'"'? (Fig. 4). EMG demonstrates abnormalities in the PQ, FPL, and FDP
(digits Il and Ill). In addition to EDX testing, neuromuscular ultrasound examination
may be a complementary test to help to confirm a proximal median neuropathy. In

Anterior
Interosseous Nerve

Flexor pollicus
longus muscle

B N Pronator quadratus

muscle

Fig. 4. Anterior interosseous nerve conduction study setup.
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a small study of 5 patients with AION syndrome, ultrasound examination demon-
strated focal swelling with an hourglass-like constriction of nerve fascicles in several
patients.'®

AXILLARY NEUROPATHY

The axillary nerve arises from the posterior cord of the brachial plexus with fibers
derived from the C5 and C6 roots.® The nerve winds from anterior to posterior around
the neck of the humerus, where it may be prone to injury. It passes through the quad-
rilateral space in company with the posterior humeral circumflex artery and then di-
vides into anterior, posterior, and collateral branches (Fig. 5). The anterior branch
provides motor innervation to the deltoid and gives off cutaneous branches that sup-
ply the skin overlying the deltoid. The posterior branch supplies the teres minor (TM)
and posterior deltoid muscles, and the superior lateral cutaneous nerve supplies the
skin over the inferior posterior deltoid and the skin over the long head of the triceps
brachii (TB). The collateral branch supplies the long head of the TB muscle.

Etiologies and Clinical Features

Axillary neuropathies most often occur from trauma, including traction at the shoulder,
blunt trauma to the shoulder region, dislocation of the humerus at the scapula, or frac-
ture of the surgical neck of the humerus.'*'® The quadrilateral space syndrome is an
uncommon entrapment neuropathy that occurs when the axillary nerve and the pos-
terior humeral circumflex artery become trapped in the quadrilateral space by fibrous
tissue accumulation, muscular hypertrophy, tumor, or hematoma.™”-'8

Supraspinatus muscle

Teres minormuscle oy oo

Axillary nerve
(C5, 6)

Infraspinatus muscle

Posterior view

Fig. 5. Axillary nerve anatomy.
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Axillary neuropathy usually manifests with pain or numbness on the lateral arm and
weakness of arm abduction beyond 15°. The initial vague symptoms of shoulder pain
and weakness can be misdiagnosed as a primary musculoskeletal problem.'* The
quadrilateral space syndrome may be suggested by point tenderness in the posterior
quadrilateral space and pain exacerbated by shoulder flexion, abduction, or external
rotation.’”

Electrophysiologic Features

EDX testing can help to confirm an axillary neuropathy and exclude an upper trunk
brachial plexopathy or C5 and C6 radiculopathy'#'® (Table 2). The only expected
abnormal MNCS is the axillary motor nerve conduction study recording from the del-
toid (Fig. 6). Because reference values are not well-defined, a greater than 50%
decrease in the CMAP amplitude compared with the contralateral side is generally
considered abnormal. Although there is no SNCS that test the axillary nerve, other
sensory nerve conduction studies (eg, radial or lateral antebrachial cutaneous) are
helpful to exclude radial nerve or brachial plexus lesions.

Needle EMG demonstrates abnormalities in the deltoid, TM, or both. Examination of
all 3 heads of the deltoid may be useful, because certain fascicles or branches of the
axillary nerve may be more affected than others. Additionally, other C5 and C6, non-
axillary muscles should be examined. Needle EMG will characterize severity and chro-
nicity of the nerve injury and may include fibrillation potentials, decreased recruitment,
and/or long duration motor unit potential.’'® There are no published series of EDX
findings in patients with axillary mononeuropathies; therefore, the sensitivity of identi-
fying abnormalities on axillary motor nerve conduction study or on needle EMG of in-
dividual muscles is unknown.

Fig. 6. Axillary motor nerve conduction study setup.

MUSCULOCUTANEOUS NEUROPATHY

The musculocutaneous nerve arises from the termination of the lateral cord of the
brachial plexus and consists of fibers derived from the C5 to C7 roots.® It courses
through the anterior arm, giving off branches to the coracobrachialis, brachialis, and
biceps brachii (BB) muscles (Fig. 7). It terminates about 2 cm above the elbow as
the lateral antebrachial cutaneous nerve, innervating the skin of the lateral cubital
and lateral forearm regions.
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Fig. 7. Musculocutaneous nerve anatomy.

Brachialis muscle

Etiology and Clinical Features

Causes of musculocutaneous mononeuropathies include traumatic injury, strenuous
physical activity or exercise, external compression from casting, trauma to the arm or
axillary region, surgery, compression by tumor or hematoma, or involvement from in-
flammatory conditions (eg, Parsonage Turner syndrome).2°-2% Patients present with
weakness involving elbow flexion and possibly mild weakness of elbow supination or
arm flexion.?® Sensory symptoms, when present, involve the lateral cubital and forearm
regions and may be reproducible with flexion of the arm against resistance. If the lesion
is near the coracoid process, Tinel’s sign may be present at the coracoid process.

Electrophysiologic Features

EDX studies can help to confirm a musculocutaneous neuropathy, exclude other mim-
ickers, and determine the severity and degree of recovery?%2?? (see Table 2) (Fig. 8).
Although most injuries produce axonal loss and low musculocutaneous CMAP ampli-
tudes, focal demyelination with CB or abnormal dispersion may occasionally be seen.
In areview of 32 patients with musculocutaneous neuropathy or isolated lateral antebra-
chial cutaneous neuropathy, the musculocutaneous CMAP amplitude and lateral ante-
brachial SNAP amplitudes were low or absent in the majority, but were normal in some.?*

In musculocutaneous mononeuropathy, EMG abnormalities are present in the BB
and brachialis, without involvement of other C5 and C6 UE muscles. The coracobra-
chialis muscle is more difficult to examine, but may also show abnormalities.

SUPRASCAPULAR NEUROPATHY

The suprascapular nerve arises from the upper trunk of the brachial plexus and is
formed by the ventral rami of C5 and C6.% It runs along the superior border of the scap-
ula to the suprascapular notch just below the superior transverse scapular ligament,
entering the supraspinous fossa of the posterior scapula giving off branches to the
supraspinatus muscle. It passes under the supraspinatus, curves near the lateral
border of the scapular spine, and through the spinoglenoid notch to enter the infraspi-
nous fossa of the scapula, giving branches to the infraspinatus muscle (Fig. 9). It sup-
plies sensation to the acromioclavicular and glenohumeral joints.
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Fig. 8. Musculocutaneous nerve conduction study setup.

Dorsal scapular
nerve (C5)

Suprascapular nerve
(C5, 6)

Supraspinatus muscle

Levator scapulae
muscle

Rhomboid
minor muscle

Rhomboid
major muscle

Infraspinatus muscle

Posterior view

Fig. 9. Suprascapular nerve anatomy.
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Etiology and Clinical Features

Suprascapular neuropathies are rare.?® Etiologies include repetitive overhead activ-
ities (occupational or recreational), sports (such as volleyball, pitching in baseball, ten-
nis, swimming, or weight-lifting), traction owing to a rotator cuff tear, direct trauma, or
compression from a mass lesion at the suprascapular notch or the spinoglenoid
notch.25-28

Patients with suprascapular neuropathies present with vague symptoms of shoulder
pain and weakness of first 15° of shoulder abduction and external rotation of the hu-
merus. Atrophy of the supraspinatus and infraspinatus muscles may be present on ex-
amination.?® Because patients with rotator cuff disease may present with similar
symptoms and signs, EDX testing provides important information about the integrity
of the nerve.

Electrophysiologic Features

The EDX abnormalities in suprascapular neuropathies are limited to suprascapular
nerve conduction studies and needle EMG abnormalities in the infraspinatus and
supraspinatus muscles®® (Fig. 10) (see Table 2). The suprascapular motor nerve con-
duction study, recording from the supraspinatus and/or infraspinatus, shows variable
CMAP amplitude reduction. A side-to-side CMAP amplitude difference of 50% or
greater is considered abnormal (Fig. 11). In a study that included 57 patients with iso-
lated suprascapular neuropathies, the CMAP amplitude did not predict recovery,
because there was no significant amplitude difference in patients with and without re-
covery.?® Although there are no SNCS to test the suprascapular nerve, other SNCS in
the UE are important to exclude an upper trunk brachial plexopathy.

On needle EMG, abnormalities isolated to the supraspinatus and/or infraspinatus, in
the absence of abnormalities in other C5 and C6 muscles, confirm a suprascapular
neuropathy.2® Abnormality of both muscles indicates a lesion at the suprascapular
notch, whereas abnormality of the infraspinatus alone suggests localization to the spi-
noglenoid notch. The ability of needle EMG to predict recovery is limited.?® However,
in a small study of 9 patients with paralabral cysts causing a suprascapular

Suprascapular
Nerve

Fig. 10. Suprascapular nerve conduction study setup.
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Table 2
EDX features of axillary, musculocutaneous, and suprascapular mononeuropathies compared with C5and C6 radiculopathies and upper trunk brachial
plexopathy
Nerve Conduction Studies Needle EMG
Deltoid/ Supraspinatus
Axillary Musculocutaneous Suprascapular Teres and
Site Motor Motor Motor LAC Minor Biceps Infraspinatus Paraspinals
Axillary nerve ABN Normal Normal Normal ABN ABN Normal Normal
Musculocutaneous nerve Normal ABN Normal ABN Normal Normal Normal Normal
Suprascapular nerve Normal Normal ABN Normal Normal Normal ABN Normal
Upper trunk brachial plexus ABN ABN ABN ABN ABN ABN ABN Normal
C5-6 Root ABN ABN ABN Normal ABN ABN ABN ABN

Abbreviations: ABN, abnormal; LAC, lateral antebrachial cutaneous sensory study.
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Fig. 11. Suprascapular motor nerve conduction study in a patient with a right suprascapular
mononeuropathy. The CMAP is 9.8 on the left (top trace) and 5.4 on the right (bottom
trace).

neuropathy, all patients demonstrated recovery by EMG after decompressive sur-
gery.®° Furthermore, in some patients with suprascapular mononeuropathy, needle
EMG may identify abnormalities indicating a concomitant axillary mononeuropathy,
particularly in traumatic cases.?®

FEMORAL NEUROPATHY

The femoral nerve is the largest branch of the lumbar plexus and is comprised of L2 to
L4 nerve roots.® The nerve enters Scarpa’s triangle after passing beneath the inguinal
ligament, lateral to the femoral artery. In the anterior thigh, it travels in a groove be-
tween the iliacus and psoas major muscles, outside of the femoral sheath and lateral
to the femoral artery. In the thigh, it divides into the anterior and posterior divisions.
The anterior division gives off branch to the sartorius muscle and intermediate and
medial femoral cutaneous nerves. The posterior division gives off motor branches to
the quadriceps (rectus femoris, vastus medialis, vastus intermedius, and vastus later-
alis) articularus genus muscles, and saphenous sensory nerve (Fig. 12).

Etiologies and Clinical Features

The femoral nerve can be injured from trauma, surgery (abdominal, pelvic, orthopedic),
after femoral nerve block or femoral artery puncture, tumor or hematoma (in the
abdomen, pelvis, or anterior thigh), compression from abdominal aortic aneurysm,
or diabetes.>'35 Entrapment most commonly occurs under the iliopsoas tendon,
the inguinal ligament, or at the adductor canal.®® Femoral neuropathy presents with
variable weakness of hip flexion and knee extension and sensory symptoms in the
anterior and medial thigh and anteromedial leg.>'

Electrophysiologic Features

EDX studies are important to confirm a femoral mononeuropathy and distinguish it
from a lumbar (L2-L4) radiculopathy or plexopathy®” (Table 3). A femoral MNCS
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Fig. 12. Femoral nerve anatomy.

(recording from the rectus femoris or vastus medialis) can be technically difficult owing
to the deep location of the nerve during stimulation (Fig. 13). Side-to-side compari-
sons to assess for a 50% or greater decrease in the CMAP amplitude is necessary.
The saphenous SNCS is the only testable sensory branch of the femoral nerve, but
is also a technically difficult nerve conduction studies. Therefore, the diagnosis often
relies on needle EMG. On needle EMG, femoral muscles and nonfemoral (eg, obtu-
rator innervated) L2 to L4 muscles should be examined to exclude lumbar radiculop-
athy.3” The findings in the iliopsoas and quadriceps muscles can localize the lesion in
relation to the inguinal ligament.

Table 3
EDX features of obturator and femoral mononeuropathies, L2 and L3 radiculopathies, and
lumbar plexopathy

Nerve Conduction

Studies Needle EMG
Femoral Saphenous Adductor
Site Motor Sensory lliopsoas Quadriceps Longus Paraspinals
Obturator nerve  Normal Normal Normal Normal ABN Normal
Femoral nerve ABN ABN ABN ABN Normal Normal
Lumbar plexus ABN ABN ABN ABN ABN Normal
L2-L3 root ABN Normal ABN ABN ABN ABN

Abbreviations: ABN, abnormal; LAC, lateral antebrachial cutaneous sensory study.
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Femoral Nerve

Fig. 13. Femoral motor nerve conduction study setup.

OBTURATOR NEUROPATHY

The obturator nerve arises from the lumbar plexus and is derived from the L2 to L4
roots.® It passes through the fibers of the psoas major muscles, emerging at the medial
border near the brim of the pelvis. It passes near the common iliac arteries, then along
the lateral wall of the lesser pelvis, superior and anterior to the obturator vessels to the
upper portion of the obturator foramen. It enters the thigh via the obturator canal and
divides into anterior and posterior branches, giving branches to the adductor muscles;
external obturator, adductor longus, adductor brevis, adductor magnus, gracilis, and
variably to the pectineus muscle. The nerve provides sensory innervation to the medial
thigh (Fig. 14).

Etiologies and Clinical Features

The obturator nerve may be injured from direct trauma, pelvic surgery, obstetric deliv-
ery (particularly with forceps use), tumor or hematoma, entrapment at the obturator
canal, or entrapment at the adductor muscle fascia.®®*®-*? Obturator neuropathies
often presents with vague symptoms of pain and dysesthesias in the medial thigh
or groin.>®4% Weakness of leg adduction may not be noticed by the patient. When
entrapped at the adductor muscle fascia, abduction of the thigh may exacerbate
pain and other sensory symptoms.

Electrophysiologic Features

Obturator neuropathy can be confirmed by needle EMG, but there are no reliable
nerve conduction studies to study the nerve. Needle EMG will demonstrate
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Fig. 14. Obturator nerve anatomy.

abnormalities in the adductor longus and magnus, but not L2 to L4 muscles supplied
by the femoral nerve®® (see Table 3). EDX testing is important to obtain precise local-
ization; in one study, 39% of patients who were referred for a suspected obturator
neuropathy were found to have a different disorder.*°

SCIATIC NEUROPATHY

The sciatic nerve arises from the lower portion of the lumbosacral plexus (with L4-L5,
S1-83 root innervation).® It originates in front of the piriformis muscle, passes through
the muscle, and courses through the greater sciatic foramen to exit the pelvis (Fig. 15).
It travels inferiorly in the posterior compartment of the thigh superficial to the adductor
magnus muscle to the popliteal fossa, where it divides into the common fibular (pero-
neal) and the tibial nerves. It gives off motor branches to the hamstrings (biceps fem-
oris, semitendinosus, and semimembranosus) and the adductor magnus. It provides
sensory innervation to the skin over the buttocks and posterior thigh, and to the lower
leg and foot (except for the anteromedial ankle) through its terminal branches.

Etiology and Clinical Features

Pain in the sciatic nerve distribution is commonly referred to as “sciatica,” but this term
encompasses many localizations, including lumbosacral radiculopathy. Although
sciatica is common and affects between approximately 1% and 40% of people at
some point in their life, direct injury or involvement of the sciatic nerve is rare.*® Etiol-
ogies of sciatic neuropathy include direct trauma (eg, penetrating trauma of the
buttock or posterior thigh), femur fracture, after gluteal intramuscular injections, hip
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Fig. 15. Sciatic nerve anatomy.

dislocation, hip surgery (eg, hip replacement), and hardware degradation and disinte-
gration within the hip. It can also present during cesarean section or vaginal delivery
owing to positioning (greater thigh flexion is associated with a greater risk for sciatic
nerve traction), or compression by a tumor or hematoma.**=°" In a recent study of
109 patients from a single institution with sciatic neuropathy from nonpenetrating
trauma, 56% were related to LE injury such as hip replacement, 15% related to
compression, and a small percentage related to inflammation, radiation, ischemia,
or other causes.’® The sciatic nerve may also rarely be entrapped as it courses
through the piriformis muscle, resulting in piriformis syndrome.*° Piriformis syndrome
may result from an overuse injury, anatomic variation, piriformis muscle spasms, or by
pseudoaneurysm of the inferior gluteal artery.5'5%:54

Sciatic neuropathy often presents with nonspecific painful sensory symptoms and
weakness.*>°° Sensory features consist of pain overlying the ipsilateral buttock and
posterior thigh, as well as numbness or paresthesia. Some weakness of knee flexion
may also occur. More complete or severe sciatic neuropathy may present with weak-
ness and sensory disturbance involving the foot as well as the hamstring region, which
can mimic fibular (peroneal) and tibial mononeuropathies. In sciatic neuropathy, pero-
neal fibers are more susceptible to stretch injury than tibial fibers. Sensory features
may involve the entire foot and leg, except the anteromedial ankle (saphenous distri-
bution). Piriformis syndrome typically presents as pain in the buttock or hip area, radi-
ating pain or numbness that can extend into the calf, nonspecific weakness that can
affect part or all of the leg, ankle, and foot owing to involvement of peroneal and tibial
fibers,51-53.54

Electrophysiologic Features

Given the clinical similarities of sciatic neuropathy and lumbosacral radiculopathy,
EDX is useful to assist in localization, as well as determine the chronicity and severity
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of the injury®2-°%:56 (Table 4). Abnormalities in the peroneal, tibial, or both MNCS are
typical (Fig. 16A, B). The sural and superficial peroneal SNAP and the peroneal motor
study recording from the extensor digitorum brevis (EDB) have been shown to be more
sensitive compared with the tibial motor study; only 60% of patients had abnormalities
in both peroneal and tibial CMAPs and sural and superficial peroneal sensory nerve
action potentials.>” F waves and H reflexes may be prolonged or absent, but these
are nonspecific and nonlocalizing, because they can also be abnormal in radiculopa-
thies and plexopathies.®” H reflex latency may show changes with provocative tests in
piriformis syndrome.>* Abnormal SNAP responses help to distinguish sciatic neurop-
athy, in which the superficial peroneal, sural, and/or plantar responses are abnormal,
from a lumbosacral radiculopathy (in which SNAP are normal). However, abnormal
sensory nerve action potentials can also occur with lumbosacral plexus localization.
Because low motor and sensory nerve conduction studies amplitudes may also be
seen in a polyneuropathy, side-to-side comparison is important when a sciatic neu-
ropathy is suspected.

A B . .
Sciatic Sciatic

Nerve . Nerve .

Gastrocnemius
muscles
“ “ \
( /

45 hallucis

Tibial innervation

Fig. 16. Nerve conduction studies to test the motor branches of the sciatic nerve. (A)
Recording from the extensor digitorum brevis muscle. (B) Recording from the abductor
hallucis.

Needle EMG demonstrates abnormalities to a variable degree in muscles supplied
by the peroneal and tibial nerves in the lower leg, biceps femoris, but sparing muscles
supplied by the superior and inferior gluteal innervated muscle (eg, gluteus medius or
tensor fasciae latae, and gluteus maximus) muscles in the lower leg have been shown
to be abnormal more frequently than hamstring muscles, with abnormalities in the
hamstring muscles being present approximately 45% of the time.5? Abnormalities
are more coming in peroneal-innervated muscles in nearly all patients with sciatic neu-
ropathies but in tibial-innervated muscles in 74% to 84% of patients.®

TIBIAL NEUROPATHY

The tibial nerve arises from the sciatic nerve in the popliteal fossa.® It courses through
the popliteal fossa giving off branches to the gastrocnemii, soleus, plantaris, and
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Fig. 17. Tibial nerve anatomy.

popliteus muscles as well as sensory branches to the lower one-half of the posterior
leg and the lateral border of the foot to the tip of the fifth toe (Fig. 17). At the inferior
border of the popliteal fossa, the nerve courses deep to the tendinous arch of the so-
leus and enters the posterior leg. It continues inferiorly and medially, reaching the
posteromedial aspect of the ankle between the medial malleolus and the calcaneus.
In the leg, it gives off branches to the tibialis posterior (TP), FDL, flexor hallucis longus,
and deep portion of the soleus. It terminates deep in the flexor retinaculum, dividing
into the medial and lateral plantar and medial and lateral calcaneal nerves (Fig. 18).
The medial and lateral plantar nerves supply the skin of the medial and lateral sole,
respectively, and provide innervation to many of the intrinsic foot muscles (Fig. 19).

Etiology and Clinical Features

Etiologies of tibial neuropathies include direct trauma, ischemia, and masses (eg,
Baker’s cyst, tumor, or hematoma). Tarsal tunnel syndrome (TTS) is a rare tibial
entrapment neuropathy at the flexor retinaculum at the ankle, and may result from
osseous compression (owing to bone spurs, fracture fragments, tarsal coalition),
mass lesions (ganglia, nerve sheath tumors, fibrous tissue, hypertrophic muscles,
accessory muscles), congenital foot deformities, or systemic diseases (diabetes,
vasculitis, rarely uremia).>®-61

Proximal tibial mononeuropathies at the popliteal fossa or leg have variable presen-
tations.® Lesions in the popliteal fossa or above the leg present with weakness of
ankle plantarflexion, inversion, toe flexion, and sensory deficits in the lower portion
of the posterior leg and the lateral side of the foot to the end of the fifth toe, and bottom
of the foot. Tarsal tunnel syndrome most commonly presents with foot and ankle pain
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Fig. 18. Anatomy of the distal branches of the tibial nerve.

Sural nerve (S 1, 2) via
lateral calcaneal and lateral
dorsal cutaneous branches

Saphenous
nerve (L3, 4)

Lateral plantar

nerve (S1, 2)
From Tibial
Medial plantar nerve
nerve (L4, 5)

&——_ Medial calcaneal
branches (S1, 2)

Fig. 19. Sensory dermatomes of the bottom of the foot.
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Table 4
EDX features of sciatic and tibial mononeuropathies compared with sacral plexopathy
Nerve Conduction Studies Needle EMG
Anterior
Tibialis, Gluteus
Medial/ Tibial Peroneal Medius,
Peroneal Tibial Lateral Foot Gastrocnemius, Foot Gluteus
Site Motor Motor Sural Plantar Muscles Soleus Muscles Hamstrings Maximus
Sciatic nerve ABN ABN ABN ABN ABN ABN ABN ABN Normal
Tibial nerve at the knee Normal ABN ABN ABN ABN ABN Normal Normal Normal
Tibial nerve at the ankle Normal ABN Normal ABN ABN Normal Normal ABN Normal
Sacral plexus ABN ABN ABN ABN ABN ABN ABN ABN ABN

Abbreviation: ABN, abnormal.

9.6

uined 3 jefey



Assessment of Uncommon Mononeuropathies

that is burning in character and exacerbated by weight bearing and worse at night.8-5°
Perimalleolar pain, numbness, and paresthesia, as well as atrophy of intrinsic foot
muscles may be present.

Electrophysiologic Features

EDX testing is helpful to confirm the diagnosis and exclude alternative pathologies
such as polyneuropathy, S1 radiculopathy, sciatic neuropathy, and lumbosacral plex-
opathy®? (see Table 4). Tibial motor nerve conduction study can be recorded from the
abductor hallucis and abductor digiti minimi pedis (Fig. 20). Transtarsal medial and
lateral plantar mixed nerve conduction studies will often demonstrate low amplitudes,
and the sural amplitude may be variably affected because the sural is composed of
branches form the fibular/peroneal and tibial nerves.

Needle EMG demonstrates abnormalities in tibial innervated foot muscles at any
site of injury to the tibial nerve, but abnormalities in these muscles are difficult to inter-
pret in older individuals. More proximal muscles, such as the gastrocnemii and TP help
to determine the proximal extent of the injury. A 2005 American Association of Neuro-
muscular and Electrodiagnostic Medicine practice parameter reviewed the literature
to assess the role of EDX studies in TTS.5? Although the number of high-quality studies
was limited, SNCS and mixed nerve conduction studies abnormalities were present in
85% to 93% of patients with the lateral plantar sensory response more commonly ab-
sent than the medial plantar response. Prolonged tibial DML to the AH were only pre-
sent in 21% to 52% of individuals, indicating that MNCS are less sensitive than
sensory nerve conduction studies in the diagnosis of tarsal tunnel syndrome. There

Tibial Nerve & |

.
. \

Stimulation in

{C‘; 3 popliteal fossa

—ﬁr Abductor

hallicus

Fig. 20. Tibial motor nerve conduction study setup.
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were no studies that directly assessed the utility of needle EMG in the evaluation of
TTS. In the presence of significant polyneuropathy, the diagnosis of TTS may be diffi-
cult to confirm; prolonged latencies are more common, but low amplitudes can
occur.5%:62

SUMMARY

Electrodiagnosis is an important tool that complements the clinical assessment of pa-
tients with suspected uncommon mononeuropathies. Knowledge of the anatomy and
understanding the pattern of findings on nerve conduction studies and needle EMG
help to diagnoses these conditions and exclude more common mimickers. The EDX
often requires technically difficult or less commonly performed studies, making diag-
nosis more challenging.

CLINICS CARE POINTS

e Detailed knowledge of neuroanatomy is crucial for diagnosis of uncommon neuropathies.
Brief neuromuscular examination before the electrodiagnostic study will help to tailor the
study and make the correct diagnosis.

e Contralateral studies are usually very helpful to diagnose mild to moderate uncommon
neuropathies.

e Detailed electromyography can localize the lesion when the nerves are not easily accessible
for conduction studies
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