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Peripheral nerve injuries vary in length and severity, and they can occur secondary to
trauma, compression and ischemia, leading to both motor and sensory neurological
deficits. Nerve compression can occurin both the upper and lower limbs. These injuries can
affect the quality of life, including the total or partial loss of the individual’s productive
capacity. The diagnostic methods are based on clinical criteria, but they may also include
imaging and electroneurophysiological studies. A clinical examination using the Tinel and
Phalen tests, for example, may suggest carpal tunnel syndrome. Complementary exams are
used to confirm the diagnosis and rule out other possibilities, and the most used are
electroneuromyography (ENMG), computed tomography (CT), magnetic resonance imag-
ing (MRI), and ultrasonography (US). Depending on the type of injury, recovery may be
spontaneous or may require conservative or surgical treatment.

As lesbes nervosas periféricas variam em extensao e gravidade, as quais podem ocorrer
secundarias a trauma, compressao e isquemia, e acarretam déficits neuroldgicos tanto
motores quanto sensoriais. A compressdo nervosa pode ocorrer nos membros superiores
e inferiores. Estas lesdes podem afetar a qualidade de vida, incluindo a perda total ou
parcial da capacidade produtiva do individuo. Os métodos diagndsticos sao baseados em
critérios clinicos, mas também podem incluir métodos de imagem e estudos eletro-
neurofisiolégicos. O exame clinico por meio dos testes de Tinel e de Phalen, por exemplo,
pode sugerir sindrome do tinel do carpo. Os exames complementares servem para
confirmar o diagnéstico e descartar outras possibilidades, sendo os mais utilizados a
eletroneuromiografia (ENMG), a tomografia computadorizada (TC), a ressonancia mag-
nética (RM) e a ultrassonografia (US). De acordo com o tipo da les3o, a recuperacao pode
ser espontanea ou necessitar de tratamento conservador ou cirtrgico.
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Introduction

Peripheral nerve injuries vary in length and severity, and
they can occur secondary to trauma, compression and ische-
mia, leading to both motor and sensory neurological deficits.
These injuries can greatly affect the quality of life, including
total or partial loss of individual’s produtive capacity, which
has important economic and social impacts for the popula-
tion. Depending on the type of injury, recovery can be
spontaneous, or conservative therapy or surgical interven-
tion may be required.’

Peripheral nerve syndromes can be related to a variety of
symptoms, such as: motor weakness, sensory disorders,
imbalance, and pain. Nerve compression can occur in both
upper and lower limbs.'

Among compression neuropathies in the upper limb,
carpal tunnel syndrome, characterized by compression of
the median nerve, has a higher prevalence in the
population.?

Other examples are the compressive syndromes of the
radial nerve, which present themselves in different ways:
they can be purely sensory, motor, or mixed. This group
encompasses several syndromes, such as radial tunnel syn-
drome, Wartenberg syndrome, and posterior interosseous
nerve syndrome. As these syndromes affect different com-
pression sites, they may present with different clinical
features and have diagnostic intersection with other patho-
logical conditions, such as lateral elbow epicondylitis. The
most common compression syndromes are distal to the
elbow.>

The methods to diagnose these lesions are based on
clinical criteria, but they can also include imaging methods
and electroneurophysiological studies.?

The diagnostic methods used for compressive neuropa-
thies range from clinical examination and anamnesis
through semiological tests, such as the Tinel test (percussion
over the region of the median nerve, which results in
dysesthesia) and the Phalen test (the symptoms are triggered
by complete palmar flexion of the wrists for 30 to 60 seconds,
causing a characteristic pain) performed in carpal tunnel
syndrome. In addition, with the advancement in radiological
methods, complementary exams are used to confirm the
diagnosis and rule out other possibilities, using electroneur-
omyography (ENMG), computed tomography (CT), magnetic
resonance imaging (MRI) and ultrasonography (US).#

The present study aims to analyze the factors related to
the main compressive neuropathies though a review of
articles in databases.

Material And Methods

The present study was performed through bibliographic
research cinducted between February and March 2020. The
literature review was performed in the PubMed, UpToDate,
SciELO and MEDLINE databses. We used the following key-
words: entrapment neuropathy, ulnar neuropathy, radial
neuropathy, median neuropathy, meralgia paresthetica, and
peroneal neuropathy.
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The filters were: year of publication, type of article, and
text availability. The inclusion criteria were as follows:
papers published since 2015, case reports, simple literature
reviews, randomized controlled trials, clinical trials, system-
atic reviews with or without meta-analysis, texts available in
full, and adequacy to the topic of the present study. And the
exclusion criteria were: articles without the full text avail-
able online, animal studies, works published before 2015,
and those not available written in Portuguese, English, or
Spanish.

A total of 30 articles were selected, which addressed the
most prevalent compressive neuropathies of the limbs with
involvement of the median, ulnar, radial, fibular and femoral
nerves. We excluced the articles that did not meet the
inclusion criteria.

Results

In total, 388 potentially-eligible articles were found on the
PubMed, UpToDate, SciELO and MEDLINE databases, 30 of
which were selected because they addressed the topic of the
present review in a comprehensive manner, with pathophys-
iological description, clinical presentation, diagnostic ele-
ments, treatment of the peripheral neuropathies herein
discussed, and availability of the full text in English, Spanish
and Portuguese. There were 25 articles written in English,
and 5, in Portuguese.

Discussion

Pathophysiology

The compression of a nerve results in microvascular lesions,
destruction of the myelin, and, eventually, axonal degenera-
tion.” This sequence of neural changes will occur depending
on the intensity and duration of the compression. Slight
compressions can obstruct the venous flow, causing edema,
while severe compressions result in ischemia. Persistent
compressions result in chronic inflammation and fibrosis,
which contributes to mechanical compression.

The histopathological changes caused by chronic nerve
compression (=Fig. 1) begin with the rupture of the blood-
nerve barrier, followed by endoneural edema and perineural
thickening. The increase in endoneural pressure will result in
changes in microneural circulation and make the nerve
susceptible to dynamic ischemia. With increased compres-
sion, there will be localized and eventually diffuse demye-
lination, which decreases the axonal conduction velocity and
may cause partial or total blocks of the action potential. The
combination of these factors in the long term causes Wal-
lerian axonal degeneration.®

Neural changes may not occur uniformly across the nerve
and may vary depending on the distribution of compressive
forces across the nerve. Superficial fascicles will be affected
sooner and it can result in symptoms within a single nerve
distribution. For example, in the initial stages of carpal
tunnel syndrome, the superficial fascicles of the long finger
and ring finger are usually affected before the fascicles of the
thumb and the radial side of the index finger.
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Fig. 1 Histopathological changes in compressive neuropathies.

Electrophysiological studies play an important role in the
diagnosis of compressive neuropathies.® The initial stage of
nerve compression is associated with dynamic ischemic
events. Thus, the results of electrodiagnostic studies are
generally normal. As the compression progresses, demyelin-
ation occurs, and the conduction speed decreases at the site
of the compression. Axonal loss does not usually occur until
advanced stages of the neuropathy.’

Although electrophysiological studies remain the gold
standard to confirm compressive neuropathies, neuromus-
cular ultrasound has gained importance as a tool to assist in
their diagnosis. The nerves are usually enlarged at or near the
compression site. High-resolution ultrasound confirms the
diagnosis by demonstrating edema of the nerve proximal to
the compression area, and establishes the presence of dy-
namic compression, nerve subluxation, or extrinsic
compression.’

The clinical features differ according to the degree of
nerve compression, and the sensory and motor functions
may be affected to different degrees, as shown in =Table 1.

Table 1 Clinical degrees of compressive neuropathy
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Compressive Neuropathies of the Upper
Limbs

Median Nerve

Anatomy and Entrapment Sites

The most common and well-known compressive neuropathy
is carpal tunnel syndrome (CTS), which results from the
compression of the median nerve within the wrist. However,
other less common areas of entrapment should be discussed
and acknowledged in the differential diagnosis of compres-
sions of the median nerve. Differential diagnosis with rad-
iculopathies and upper-limb plexopathies should be
considered.®

The median nerve is formed from the medial and lateral
divisions of the brachial plexus, receiving contributions from
nerve roots from C5 to T1. It follows the path of the brachial
artery in the arm medially, without emitting branches. In the
proximal forearm, it innervates the pronator teres, the radial
flexor of the carpus, and the superficial flexor of the fingers.
In this region, a structure that is present in some individuals
and that constitutes a rare cause of compression of the
median nerve is the Struthers ligament, which lies between
the supracondylar process and the medial epicondyle of the
humerus.’

In the antecubital region, the nerve travels below the
bicipital aponeurosis to the elbow and goes between the
heads of the pronator teres muscle, which in itself can be a
rarer site of compression. Approximately 4 cm before the
medial epicondyle, the main trunk of the median nerve gives
rise to the anterior interosseous nerve, which innervates the
long flexor of the thumb, the deep flexor of the second and
third digits, and the square pronator, and is involved in
anterior interosseous syndrome.10

The median nerve enters the hand when it passes through
the carpal tunnel, a restricted anatomical space located in the
middle third of the wrist that is formed by the trapezium,
trapezoid, capitate, and bamate bones and the transverse
carpal ligament (flexor retinaculum). In the distal part of the
carpal tunnel, the median nerve divides into motor and
sensory branches, and it innervates the pronator muscles
of the forearm, as well as most of the flexors of the fingers and
wrist in the forearm.’

Carpal Tunnel Syndrome

The most common compressive neuropathy of the upper
extremity is CTS, with a prevalence of 3% to 5% in the general
population, and of 6% among women aged >40 years. It
occurs about five times more in women, with two peaks

Mild Moderate Severe
Sensitive Intermittent paresthesia Persistent paresthesia, numbness, subjective Objective sensory deficit
sensory deficit
Motor Without changes Incoordination and subjective weakness Weakness, paralysis, atrophy

Source: Lee and Lim (2019).°
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observed in the sixth and 8th decades of life. The risk factors
for CTS include obesity, the female gender, coexisting con-
ditions (such as, diabetes, pregnancy, rheumatoid arthritis,
hypothyroidism, connective tissue diseases), genetic predis-
position, and repetitive use of the wrist.!!

Carpal tunnel syndrome occurs due to a decrease in the
size of the carpal tunnel, leading to compression of the
median nerve when the tissues surrounding the flexor
tendons in the wrist (synovial sheaths) become inflamed,
causing edema.'” The dimensions of the canal may be
compromised by arthritis, tendinopathy, local edema, and
the accumulation of substances such as amyloid. Repetitive
movements and vibrating tools increase the likelihood of
developing carpal tunnel syndrome.'?

However, other less common areas of entrapment should
be mentioned and considered in the differential diagnosis of
compressions of the median nerve. Differential diagnosis
with radiculopathies and plexopathies of the upper limb
should be considered. For this, in addition to the differences
in the sensory and motor involvement of each neuropathy,
complementary exams can be performed, especially electro-
neuromyography, which is the gold standard for any com-
pressive mononeuropathy.®

Patients affected with this mononeuropathy have numb-
ness, tingling, or other paresthesias that affect the first to the
third fingers and the lateral region of the fourth finger,
exacerbated by wrist flexion. Muscle weakness occurs in
the most advanced cases, manifested by weakness in oppo-
sition and thumb abduction accompanied by atrophy of the
thenar region.'*

The electrodiagnostic evaluation proved to be useful to
identify lesions of the median nerve in the wrist and to
differentiate those from lesions of the proximal median
nerve, brachial plexus, and roots of the cervical nerve.
Although the results of electrodiagnostic tests are considered
the gold standard for the diagnosis of CTS by some authors, '3
the test is not 100% sensitive.

The treatment of CTS consists of conservative therapy
with a wrist splint, especially at night or during activities
that exacerbate the symptoms. In case of failure, injecting
steroids into the wrist is usually helpful in relieving
symptoms (at least temporarily, in most cases). Surgical
release of the flexor retinaculum is indicated, with excel-
lent results, for patients with persistent symptoms who do
not respond to conservative therapy.'® The flexor retinac-
ulum in the carpal tunnel consists of three segments
(~Fig. 2).3'

Proximal Median Nerve Neuropathies

Injuries to the median nerve at or above the elbow are
uncommon. The causes include fracture of the humerus,
and compression in a supracondylar region, in the Struthers
ligament, or within the pronator teres muscle, as well as
iatrogenic causes, such as brachial artery catheterization or
creation of an arteriovenous fistula for hemodialysis. The
pattern of electrodiagnostic abnormalities expected in
lesions near or close to the elbow are reduced amplitudes
of sensory and motor nerve conduction responses, normal
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Fig. 2 The flexor retinaculum in the carpal tunnel consists of three
segments: The proximal segment (1) is inseparable from the ante-
brachial fascia, whereas the transverse carpal ligament (TCL) makes
up the second portion (2). The distal segment (3) consists of the
aponeurosis between the thenar and hypothenar muscles. Source:
Koo |, Szabo R (2004).3

distal latencies, and possibly a slight deceleration of the
forearm conduction speed.13

Anterior Interosseous Nerve (AIN) Syndrome
Lesions on this branch of the median nerve are uncommon.
The most common clinical presentation is unilateral weak-
ness of the flexor digitorum prufundus muscles (digits I and
IT), with preservation of the thumb abduction and opposi-
tion. Flexion of the wrist tends to be spared, but there may be
demonstrable weakness of the pronator quadratus muscle.'®
The common sites of compression in AIN syndrome are
shown in ~Fig. 3.3

The expected electrodiagnostic pattern includes median
nerve normal motor and sensory conduction studies. In
electromyography, it is expected to be abnormal in the flexor
pollicis longus, pronator quadratus, and median part of the
flexor digitorum profundus muscles. The thenar muscles
remain normal, as well as the pronator teres and the flexor

|, edannere]

4
/| Anterior interosseus
il |nerve
‘f!‘
1l

Fig. 3 Common sites of compression in anterior interosseous nerve
(AIN) syndrome. (A) Deep head of the pronator. (B) Fibrous arcade at
the proximal margin of the flexor digitorum superficialis (FDS) to the
middle finger. Source: Koo and Szabo (2004).3!
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carpi radialis. The expected pattern of results includes
reduced amplitude of motor response and slight elongation
of latency from the elbow to the muscle.'®

Ulnar Nerve

Anatomy and Entrapment Sites

Due to anatomical features, the ulnar nerve is more vulnera-
ble to compression in the elbow and wrist. The cubital tunnel
in the elbow is the most common site of entrapment of the
ulnar nerve, and, less commonly, the Guyon canal in the
wrist.'” The common sites of compression of the ulnar nerve
are shown in ~Fig. 4.3

The ulnar nerve is formed from the lower trunk and
medial fascicle of the brachial plexus, receiving contribu-
tions from the nerve roots of C8 and T1. It continues medially
in the arm, crosses the medial intermuscular septum, and
passes through the brachial fascia and fibers of the medial
head of the biceps that form the arcade of Struthers.

At the level of the elbow, the ulnar nerve crosses superfi-
cially between the medial epicondyle and olecranon, a region
called the groove for the ulnar nerve. The ulnar nerve enters
the cubital tunnel distally at the elbow. The tunnel is formed
by the Osborne ligament (a ligament between the two heads
of the flexor carpi ulnaris muscle), the joint capsule and the
collateral ligament of the elbow, the medial epicondyle, the
olecranon, the medial collateral ligament, and the fascia
between the two heads of the ulnar flexor carpi muscle.'”

In the region of the elbow, the main sites that may
compress the ulnar nerve are the arcade of Struthers, the
medial intermuscular septum, the medial epicondyle, the
cubital tunnel through the Osborne ligament, and the fascia
of the flexor-pronator muscle group of the forearm.'3

In the forearm, the ulnar nerve is located medially and
above to the flexor digitorum profundus, and deep into the
flexor carpi ulnaris, providing branches to innervate these
muscles along its course. The ulnar nerve is lateral to the
flexor carpi ulnaris muscle and medial to the ulnar artery.

m

Medial

Ity
[ ‘-7— - intermuscular septum
Ulnar nerve—@/ o
/' ‘- /J Arcade of

Struthers

Ulnar nerve

Medial
epicondyle
Cubital
retinaculum

Arcade of
Osborne

Flexor carpi ulnaris muscle
Fig. 4 Common sites of compression of the ulnar nerve: medial
intermuscular septum, arcade of Struthers, medial epicondyle, cubital

tunnel, arcade of Osborne and flexor-pronator muscle group. Source:
Terry and Zeigler (2002).3?
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At the level of the wrist, the ulnar nerve and artery enter
the Guyon canal, which is fibro-osseus canal formed by the
transverse ligament of carpus, hypothenar muscles, carpal
volar ligament, pisiform, pisohamate ligaments and the hook
of the hamate.'”:'8

The ulnar nerve originates two branches, one dorsal
(sensitive) and one palmar (mixed) branch. The palmar
branch enters the Guyon canal with the ulnar artery and
originates a sensory branch (which goes to the little finger
and the ulnar side of the ringer finger) and a motor branch
(which innervates the intrinsic muscles of the hand).

Ulnar Neuropathy in the Elbow

The elbow is the second extremity of the upper limb most
affected by compressive neuropathies, with several places
of entrapment. One of these sites, the cubital tunnel, is
formed by the ulna, the collateral ligament, and the apo-
neurosis of the flexor carpi ulnar muscle joint. The ulnar
nerve is also susceptible to compression immediately prox-
imal to the medial epicondyle. The impact mechanism is
still undefined. There is some evidence to suggest that
elbow subluxation may decrease the chance of developing
ulnar neuropathy.'

Patients affected with this mononeuropathy present
numbness, tingling, and other paresthesias that affect the
territory of the ulnar nerve (fourth and fifth fingers), and that
usually worsen at night. In severe cases, weakness and
atrophy of the intrinsic musculature of the hand may be
evident. The Duchenne sign (ulnar claw) due to weakness of
the third and fourth lumbrical muscles, and the Wartenberg
sign (patient with the fifth finger abducted when at rest) due
to weakness of the third palmar interosseous muscle, may be
present. The Froment sign is evidenced by the flexion of the
thumb to compensate for the weakness of the adduction
during the grip of an object.!”

Aninjury to the ulnar nerve in the elbow can be diagnosed
by finding a deceleration in the conduction velocity of the
elbow segment. According to the American Association of
Neuromuscular and Electrodiagnositic Medicine (AANEM),
the deceleration of the elbow segment speed to less than
50 m/s with the elbow at 90° of flexion is the first abnormal-
ity criterion.'®

An ulnar lesion in the elbow can also be diagnosed by
decelerating the speed of the elbow in relation to the forearm
by 10 m/s. This is the second AANEM criterion for
abnormality.?°

Studies of ulnar sensory conduction can contribute to the
location of the lesion. In C8-T1 radiculopathy, the ulnar
sensory action potential is normal because the lesion is
preganglionic. The ulnar sensory response of the fifth finger
remains normal if the elbow injury is purely demyelinating,
because the axons distal to the elbow remain intact. When
axonal damage is present, the amplitude of the sensory nerve
action potential (SNAP) is reduced or absent.'®

Non-ulnar muscles of the C8 myotome (abductor pollicis
brevis, extensor indicis proprius) should be tested to exclude
C8 radiculopathy or lower trunk/brachial plexopathy of the
medial cord.'?
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The conservative treatment is indicated for patients with
mild to moderate ulnar neuropathy in the elbow, character-
ized by intermittent or persistent sensory loss and weakness,
and without structural damage.?’

The surgical treatment is recommended for patients with
convincing clinical and electrophysiological evidence of
moderate to severe ulnar neuropathy in the elbow caused
by trauma, structural abnormality, or nerve compression.
The surgical treatment is chosen for those who show mod-
erate to severe progressive symptoms and signs lasting six
months, despite conservative measures.?’

The two main categories of surgery currently performed
for ulnar neuropathy in the elbow are in situ decompression
of the ulnar nerve and ulnar transposition.21

Simple decompression for ulnar neuropathy in the elbow
is usually performed by cutting the aponeurosis of the flexor
carpi ulnaris (humeroulnar arcade) to decompress the ulnar
nerve. Transposition of the ulnar nerve can be achieved by
first cutting the humeroulnar arcade, and then mobilizing
the ulnar nerve from the retrocondylar sulcus to a more
anterior position.22

Ulnar Neuropathy in the Distal Forearm and Hand

Ulnar nerve injury in the distal forearm and hand is
uncommon. Proximal to the wrist, the cutaneous palmar
and cutaneous ulnar dorsal nerves branch off. When the
nerve enters the hand through the Guyon Canal, it divides
into deep and superficial terminal branches. The deep
branch innervates all the muscles of the ulnar hand, except
the palmaris brevis muscle. The superficial branch inner-
vates the palmaris brevis muscle and then provides sensory
innervation to the palmar aspects of the fourth and fifth
fingers. Lesions can involve any of these branches individu-
ally or together.?

The nerve may be trapped or traumatized in the Guyon
canal when it enters the hand. Ganglion cysts are a common
cause. The most common clinical pattern is weakness sparing
the hypothenar muscles, but involving all other muscles
supplied by the ulnar nerve. An injury that produces only
sensory deficits is rare.

The electrodiagnostic assessment should include ulnar
motor conduction to the hypothenar and first dorsal inter-
osseous muscles, and sensory conduction to the fingers. The
dorsal ulnar skin branch that appears in the region of the
distal forearms should be tested if the sensory study of the
fingers is abnormal. The results include prolongation of the
distal motor latency. The amplitude of the Compound Muscle
Action Potential (CMAP) test will be reduced if the axon is
lost.3

Conduction velocities in the elbow and forearm segments
should be normal. Sensory studies of the fourth or fifth
fingers may show prolonged distal latency and reduced
amplitude of response, if the superficial terminal branch is
involved. The dorsal ulnar skin study should be normal.
Electromyography will show abnormalities in the hypoth-
enar muscles, the first dorsal interosseous or both, depend-
ing on the injury site. The forearm muscles innervated by the
ulnar nerve must be normal.’?
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Conservative treatment is suggested as an initial treat-
ment for patients with mild to moderate ulnar neuropathy in
the wrist, characterized by intermittent or persistent loss
and sensory weakness, and without structural damage. In
addition, conservative treatment is recommended as an
initial treatment for patients with moderate to severe but
stable ulnar neuropathy, lasting less than six months.?? For
the less common condition of ulnar neuropathy in the wrist,
surgery consists of decompression of the ulnar tunnel.??

Radial Nerve

The radial nerve is rarely affected by chronic compressions,
but it is a common target for acute compressions. The most
common etiology of radial neuropathies is trauma usually
related to fracture of the humerus. Nerve entrapment usually
occurs in the groove for the radial nerve in the humerus.® The
common sites of compression of the radial nerve are sown
in ~Fig. 5.3

The radial nerve receives innervation from C5 to T1
through the posterior divisions of the three trunks of the
brachial plexus to form the posterior fascicle, which then
gives rise to the subscapular, axillary and radial nerves. In the
arm, the radial nerve emits three branches: the posterior
cutaneous nerve, the lower lateral cutaneous nerve, and the
posterior cutaneous nerve of the forearm. Then, it goes along
with the brachial artery deeply between the long head of the
triceps and the humerus, and through the groove of the radial
nerve. At the level of the elbow, the nerve then forks into two
terminal branches, a superficial sensitive and a deep motor
branch, called the posterior interosseous nerve.?

The posterior interosseous nerve passes through the
arcade of Frohse, which is formed by the fibrous arch that
arises from the superficial head of the supinator muscle at its
connection to the lateral epicondyle. It innervates the
muscles responsible for supination of the forearm, wrist
extension, finger extension, and thumb extension. The su-
perficial sensitive branch is responsible for the cutaneous
innervation of the dorsolateral region of the hand.??

Radial Neuropathy in the Arm (Saturday Night Paralysis)
Compression of the radial nerve is often described at the
Arcade of Frohse, but it can occur in the arm pit, in the spiral
groove of the humerus. The entrapment of the radial nerve at
the level of the radial groove of the humerus is the most
common site. It can occur due to prolonged immobilization
or direct compression of the nerve on the humeral bone
(Saturday night paralysis). In this syndrome, the patient
presses the middle third of the arm against a surface (for
exemple, arm outstretched against crutches or back of a
chair) mainly during sleep, intoxication or sedation.'?

This part of the nerve can also be traumatized by humeral
fractures, gunshot wounds, and intramuscular injections.
Weakness of the wrist and finger extension occurs along
with a sensation of disturbance on the dorsolateral aspect of
the hand. Partial elbow flexion weakness may also be present
due to brachioradial involvement. Elbow extension generally
remains normal because the branches of the triceps leave the
main proximal nerve trunk at the level of the humerus.'?
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the arcade of Fhronse. Source: Markiewitz and Merryman (2005).33

The results of radial conduction studies by electromyog-
raphy can help locate the lesion site and also assist in the
design of local demyelinating components versus axonal
components. The sensory response of the superficial radial
nerve remains normal if demyelination is the predominant
pathology in lesions above the nerve bifurcation in the
sensitive and motor branches of the elbow. A low amplitude
or absent response indicates loss of the axon.?*

The triceps muscles are spared when the lesion is below
the humerus.?

Conservative treatment is usually the rule for patients
with a single compression injury to the radial nerve, and its
most important features are physical therapy, wrist splint (to
maintain function), and pain control. The prognosis for full
recovery is generally good.’

Posterior Interosseous Syndrome

Posterior interosseous syndrome is a pure motor neuropathy
which results from compression of the posterior inteross-
eous nerve in the arcade of Frohse related to excessive
supination movements, trauma, and compressive injuries
at the site, such as cysts and aneurysms. This syndrome
presents with weakness in the extension of the fingers and,
to a lesser extent, in the extension of the wrist. There is no
sensory deficit.?

Low amplitudes of the indicator extensor, thumb exten-
sor, extensor digitorum communis or extensor carpi ulnaris
in the CMAP test are expected when the axon is lost."3

The non-radial muscles of the forearm should always be
tested when the manifestations are predominantly radial.
Multifocal motor neuropathy can also involve this nerve
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more prominently than other nerves in the forearm or
hand."

=Table 2 summarizes the provocative tests related to
injuries to the main nerves in the upper limb. =Table 3, on
the other hand, shows the main sites of compression of the
median, ulnar and radial nerves.

Compressive Neuropathies of the Lower
Limb

Fibular Nerve
The common peroneal nerve (CPN), or common fibular nerve,
consists of nerve fibers from the medullary roots of L4, L5, and
S1. These fibers pass through the lumbosacral plexus, later
forming, together with the neurons destined for the tibial
nerve, the sciatic nerve. The path of the sciatic nerve runs
through the posterior thigh, branching immediately above the
popliteal fossa in its two primary branches: the tibial and
common peroneal nerves. Then, the CPN follows distally and
laterally, entering deeply into the lateral compartment of the
leg, where it involves the fibular head anteriorly. Due to the
close contact with this bone protuberance in the proximal and
lateral regions of the leg, the nerve is more susceptible to
excessive stretching or compressions that culminate in the
development of compressive neuropathies.?>=27

Inferior to the fibular head, the CPN is subdivided into
superficial and deep branches. The superficial fibers are
responsible for the sensitivity of the instep and the latero-
distal portion of the leg, as well as for the motricity of the
peroneus brevis and longus muscles (both responsible for
eversion of the foot). The deep fibers are responsible for the
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Reverse Phalen test

Nerve Compression site Provocative testing Conservative management

Median Carpal tunnel Pressure proximal to the carpal tunnel Wrist splint in neutral position at night
Phalen test
Reverse Phalen test (wrist
hyperextension)

Proximal forearm Pressure on the proximal forearm in Use of stretching exercises for the

the region around the pronator mus- pronator teres muscle
cle, with the forearm in supination
Resistance to elbow flexion, pronation,
and finger flexion

Ulnar Guyon canal Pressure proximal to the Guyon canal Wrist splint in neutral position at night

Cubital tunnel

Flexion and pressure of the elbow
proximal to the cubital tunnel

Education about elbow position: posi-
tion elbow in extension, and direct
decrease in pressure on nerve

Radial (posterior

Arcade of Frohse

Pressure on the supine

Supine position and avoid repetition of

interosseous)

Supination resistance

pronation and supination activities

Finger extension and resisted wrist
extenstion test (Cozen’s test)

Radial (sensitive) Forearm

Pressure on the brachioradial
junction/carpal radial extensor tendon

Avoid repeated pronation and supina-
tion activities

Pronation of the forearm with ulnar
flexion of the wrist

Source: Mackinnon and Novak (2005).

sensitivity of the first interphalangeal region of the foot, and
for the motricity of the anterior tibial muscles (dorsiflexion
of the foot), the fibular third (dorsiflexion and eversion of the
foot), and the short and long extensors of the hallux and toes
(responsible for dorsiflexion of the toes).?>?’

Peroneal or Fibular Neuropathy

The clinical picture of peroneal neuropathy (PN) usually
leads to a dropped foot, decreased muscle strength for
dorsiflexion of the foot, hallux and foot eversion, paresthe-
sias, and loss of sensation on the anterolateral portion of the

Table 3 Nerve compression sites in the upper limbs

Nerve
Median

Compression site

Wrist (carpal tunnel syndrome)

Anterior interosseous

Elbow (pronator syndrome)

Ulnar Elbow (cubital tunnel syndrome)

Guyon canal

Radial Armpit

Groove for the radial nerve of the humerus

Posterior interosseous

Superficial sensitive branch
(meralgia paresthetica)
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lower leg and on the instep. Other signs and symptoms that
can be observed are: pain at night when the sheets touch the
anterior side of the affected leg, antalgic gait, and slapping
gait. Therefore, the physical examination of these patients
must include a complete assessment of sensitivity (pain,
touch, and vibration), motor skills, and motor coordination of
the lower limbs, performing the Romberg test to identify a
possible proprioceptive disorder and assessing the presence
or absence of pathological gait.>~%’ The common site of
compression in fibular (peroneal) nerve entrapment is
shown in ~Fig. 6.3

Peroneal neuropathy is the most common compressive
neuropathy of the lower limb.?%%” Its onset may be acute, as
in trauma episodes (such as in proximal fractures of the
fibula), or due to chronic external compressive processes. The
causes of chronic PN can be masses (such as ganglion cysts)
or pressures exerted during prolonged periods of immobili-
zation (such as procedures with the use of anesthetics, use of
orthoses, or during the usual leg crossing). The main risk
factors are related to the decrease in subcutaneous cell
tissue, as in patients with low body mass index (BMI), or
in those who have experienced episodes of rapid weight loss,
since they make the nerve more susceptible to compression
injuries. Diabetic neuropathy should be considered in this
context, since the accumulation of sorbitol in the tissue of the
CPN can lead to its engorgement. Another factor predispos-
ing to common peroneal neural injury is excessive prolonged
squats.?>-26
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Fig. 6 Common site of compression in fibular (peroneal) nerve
entrapment. The common peroneal nerve wraps around the head of
the fibula in the proximal lateral lower leg. Source: Kopell and
Thompson (1960).3°

The main differential diagnoses for peroneal neuropathy
are more proximal lesions of the sciatic nerve, lumbosacral
plexus, or nerve roots from L4 to $1.2>2% Weakness of foot
plantar flexors (mediated by the gastrocnemius muscles
innervated by the tibial nerve [L5-S2]) or of the hip abductors
(mediated by the middle gluteal muscle, innervated by the
upper gluteal nerve [L5-S1]), as well as the involvement of
the patellar and achilles reflexes should alert to other causes
of dropped feet that are not peroneal mononeuropathy.2®
Electrophysiological studies are particularly useful in the
assessment of peroneal neuropathy. Electroneuromyogra-
phy and nerve conduction studies enable the delimitation of
the topography of the neurological lesion as exclusive to the
peroneal nerve, and they provide evidence of focal compres-
sions at the level of the fibular head, and are able to deter-
mine the extent of the axonal lesion, therefore enabling a
prognostic assessment.?®?” Electrophysiological studies
should be performed in all patients with onset of foot
drop, and repeated every three months to assess the im-
provement or worsening of the disease. In cases of trauma or
postoperative neuropathy, these tests should be postponed
for two to six weeks. Monitoring by neurophysiological tests
can dictate the course of the treatment, including the surgi-
calindications. The finding of an important nerve conduction
delay along the CPN (> 50%) and ENMG showing significant
impairment of motor innervation are used in some centers as
criteria for surgical decompression.27

Imaging tests, such as US and MR, are not routinely used;
however, they are useful in complementing the clinical
evaluation, especially in those individuals with suspected
compressive mass.?®

The prognosis of peroneal mononeuropathy is in most
cases favorable. The treatment is generally conservative,
consisting of supportive measures, such as patient education,
removal of predisposing factors, indication of support equip-
ment (such as orthoses for dropped feet, splints for nightly
use, padding of the region of the fibular head), and physio-
therapy. The predictors of a worse prognosis are advanced
age, severe paresis at the beginning of the presentation of the
disease, and evidence of denervation on ENMG. Surgical
decompression is still controversial, due to the excellent
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results of the conservative treatment, and is therefore limit-
ed to those individuals who do not improve after three
months of conservative treatment or who show progressive
symptoms in the absence of a clear cause for nerve
compression.2%?

Femoral Nerve
The lateral femoral cutaneous nerve (LFCN) originates from
the lumbar plexus, consisting of fibers from the nerve roots
of L2 and L3.2628:29 The nerve appears approximately at the
level of the lateral margin of the psoas major muscle, then
acquiring an oblique path along the abdomen toward the
inguinal ligament on the anterior surface of the iliac muscle,
aregion in which it is surrounded by the dense layer of iliac
fascia tissue.?® The exit point of the LFCN from the abdomen
presents considerable anatomical variation, with some con-
figurations showing a greater predisposition to the develop-
ment of compressive neuropathies, such as those in which
the nerve is located within the inguinal ligament, within the
tendon insertion of the sartorius muscle, or in those in which
the nerve courses above the iliac crest.?®

The close anatomical relationships of the LFCN with the
pelvic margins is the main factor predisposing to compres-
sive injuries.?® In 85% of the individuals, the nerve leaves the
abdominal region medially to the sartorius muscle; however,
even in these situations, it has different proximity relations
with the anterosuperior iliac crest (ASIC). The average dis-
tance from the LFCN to the ASIC is of ~ 8 mm, which can vary
from a minimum of 0 mm to a maximum of 40 mm. It is
postulated that the closer proximity of the nerve to ASIC, as
well as the other abnormal trajectories (the remaining 15%),
increase the chance of developing meralgia paresthetica
(MP).?8

Meralgia Paresthetica: Neuropathy of the Lateral Femoral
Cutaneous Nerve

Meralgia paresthetica is the second most common mono-
neuropathy of the lower limbs, with ~ 30 to 40 new cases per
100 thousand inhabitants per year.?®?330 The main risk
factors for this pathology are obesity, diabetes, and the
male gender. Its symptoms include sensory disturbances
(pain, discomfort, numbness, paresthesia, burning, and
hypersensitivity to touch) in the anterolateral region of the
affected thigh. An important characteristic of MP is the lack
of involvement of the patient’s degree of muscle strength,
since the LFCN is not constituted by any motor fibers; thus,
MP is an exclusively sensitive disease.?®?-30 There are
numerous reported causes of MP, which are classified as
spontaneous or iatrogenic.28 Among the spontaneous etiol-
ogies, the following can be highlighted: intense compres-
sions and excessive stretching of the nerve due to the use of
external clothing and accessories (very tight pants and belts
or fanny packs for heavy objects), increased abdominal
weight (in obese, pregnant, and ascitic individuals), and
acute trauma caused by the seat belt during automobile
accidents.?®2° One of the most frequent iatrogenic injuries
to the LFCN in the clinical practice are spine surgeries in
which the patient remains in prone position (the incidence of
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MP ranges from 12% to 24%); obese patients or those with
long periods of immobilization during surgery are at higher
risk; however, in these cases, the injury is temporary, with
spontaneous regression of symptoms.?® Other invasive pro-
cedures that involve an iatrogenic risk of developing MP are
the anterior approaches to the hip and pelvis, external
fixations of the pelvis with insertion of screws in the ASIC,
and techniques for removing bone grafts from the iliac
crest.”® The common site of compression of the LFCN is
shown in ~Fig. 7.3

The diagnosis of MP is eminently clinical, through anam-
nesis and physical examination. These should demonstrate a
well-defined sensory disturbance in the anterolateral thigh
region, extending from the femoral trochanter to the upper
margin of the patella.’® Most patients report the sensation of
numbness in the affected limb; however, burning and tin-
gling are also frequently reported. The history of the disease
can vary from intermittent symptoms with spontaneous
resolution in a short time (~ 25% of individuals show
spontaneous improvement) to continuous symptoms for
long periods of time (with reports of up to 30 years in
duration).?®%° Any conditions that generate greater pressure
or stretching of the LCFN can worsen the symptoms, such as,
long periods of standing or excessive extensions of the hip
joint when driving or walking.?® The pelvic compression test,
performed at the level of the inguinal ligament, is a non-
invasive semiological tool which is useful in the diagnosis of

Psoas muscle

Lateral femora
cutancous n

Inguinal
ligament

Post.
Branch

,/'//,

Skin arca q

innervated by
lateral femoral
CUtaneous Nerve

Ant.
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7777,

Fig. 7 Common site of compression of lateral femoral cutaneous
nerve (LFCN). The close anatomical relationships of the LFCN with the

pelvic margins are the main factor predisposing to compressive
injuries. Source: Goulding et al. (2010).3°
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MP, with a study?® showing a sensitivity of 95% and a
specificity of 93.3%. The presence of concomitant motor
abnormalities makes it necessary to investigate other etiolo-
gies. The presence of paresis of the iliopsoas muscle, in
particular, identified by the decrease in muscle strength in
hip flexion, suggests the involvement of the medullary level
of L2 (as in the case of high lumbar disc hernias), and is an
important differential diagnosis to be considered.?®2°

Ultrasonography is extremely useful to locate the LFCN,
for it enables the identification of atypical nerve pathways
and acts as a guide to perform interventions such as anes-
thetic blocks. However, its importance in the diagnosis of MP
remains poorly established by scientific evidence. Some
studies correlated data such as the presence of hypoechoic
or swollen LFCN with MP, and have stated that certain
parameters, such as the cross-sectional area and the maxi-
mum diameter of the nerve, can be used as diagnostic
criteria. However, larger and more methodologically-elabo-
rate studies are still needed to establish US as a diagnostic
method.??

Other imaging exams, such as the MRI, the CT, and

radiography, have limited usefulness in the diagnosis of

LFCN mononeuropathy, and are indicated in an attempt to
evaluate other neurological diseases that are part of the
differential diagnosis of MP (such as lumbar disc herniation
and tumors located in the region of the lumbar plexus).?®

Electrophysiological studies help confirm the diagnosis,
although they are not routinely performed and present
technical difficulties due to the intense anatomical variabili-
ty of the neural pathway among patients.26 Motor conduc-
tion studies must be normal, which makes it possible to rule
out spinal cord and nerve root diseases, or polyneuropathies.
The two main tests available to assess MP are somatosensory
evoked potentials (SSEPs) and sensory nerve conduction
tests.’830 The SSEPs have the main advantage of their
greater accessibility and easy performance, especially in
obese patients; however, despite its good specificity (76%),
the test has a sensitivity of only 52%. This results in a high rate
of false-negatives and, consequently, in the underdiagnosis
of the population with MP. Sensitive nerve conduction tests,
on the other hand, enable the calculation of the sensitive
nerve action potential (SNAP) and the side-to-side amplitude
ratio (SSAR), with better accuracy. Amplitudes of the SNAP
below 3 diagnose PM in 73.3% of the patients, whereas a SSAR
of 2.3 has a specificity greater than 98.75%.%8

The therapeutic approaches for this pathology can be
divided into three main modalities: conservative treatment,
the use of nerve blocks, and surgical interventions.28-3°
Currently, there is still little scientific evidence to indicate
the superiority of one modality in relation to another;
however, the majority of patients are submitted to conser-
vative treatment due to the lower risks involved and the good
rate of improvement of the symptoms. The conservative
management includes general supportive measures, reduc-
tion of risk factors (such as weight loss for obese patients and
avoiding the use of tight clothing or accessories around the
waist), and use of non-steroidal anti-inflammatory drugs,
anticonvulsants, and antidepressants to alleviate the
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neuropathic pain.®?82° As a good number of individuals
report improvement with the aforementioned measures,
interventional therapies, anesthetic and corticosteroid injec-
tions, and surgical decompression remain as exceptional
approaches (second option, depending on the risks and
benefits) for MP.2°

The two main surgical approaches to MP are neurolysis and
neurotomy. In the former, the surgeon’s objective is to relieve
the compression points of the NCFL along its path, and the
main technique consists of three steps: cutting the inguinal
ligament in its portion on the nerve, cutting the iliac fascia that
surrounds the nerve, and making distal cuts in the thigh fascia
for each division of the nerve. The average success rate for this
procedure is of 80% (range: 60% to 99%). Neurotomy, on the
other hand, consists of direct injury to the LFCN, providing
relief from unpleasant sensory symptoms at the cost of
remaining numb in the affected region as a sequela of the
procedure. The success rate is higher than that of neurolysis,
varying from 85% to 100% of the cases, with studies even
showing that most individuals were not bothered by the
sequelae of the operation. Therefore, it is up to the physician
to inform the patient of the therapeutic options, and together
they can decide on the best strategy in surgical cases.?8:30

Conclusion

The present review showed the importance of better under-
standing regarding clinical presentation and more accurate
diagnostic methods to assist in the management of compres-
sive neuropathies of the limbs.
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