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Abstract

Ulnar nerve entrapment is the second most common nerve

entrapment syndrome of the upper extremity. Although it may

occur at any location along the length of the nerve, it is most

common in the cubital tunnel. Ulnar nerve entrapment produces

numbness in the ring and little fingers and weakness of the

intrinsic muscles in the hand. Patient presentation and symptoms

vary according to the site of entrapment. Treatment options are

often determined by the site of pathology. Many patients benefit

from nonsurgical treatment (eg, physical therapy, bracing,

injection). When these methods fail or when sensory or motor

impairment progresses, surgical release of the nerve at the site of

entrapment should be considered. Surgical release may be done

alone or with nerve transposition at the elbow. Most patients

report symptomatic relief following surgery.

In the past 20 years, there has been
an increase in the incidence of
compression neuropathy involving
the upper extremity. In particular,
the number of reported work-related
cases has increased. Several articles
have been published recently on the
basic science, diagnosis, and treat-
ment of compression neuropathies
of the upper extremity.!*

Ulnar nerve entrapment is the
second most common nerve entrap-
ment syndrome of the upper extrem-
ity; carpal tunnel syndrome (median
neuropathy) is the most common.
Symptoms associated with ulnar
neuropathy may arise from impinge-
ment of one of the ulnar nerve roots
(C8, T1) in the cervical spine; im-
pingement in the brachial plexus
(lower trunk and branches), mani-
fested as thoracic outlet syndrome;
or entrapment around the elbow,
forearm, or wrist.

Despite widespread awareness of
and the abundance of literature re-

garding ulnar nerve compression
syndromes, diagnosis remains diffi-
cult. Often, the patient will not rec-
ognize the presence of nerve com-
pression until the symptoms are
severe, such that the patient pre-
sents with sensory and motor func-
tional deficits. Late presentation
decreases the likelihood of full
recovery and good clinical out-
come.

Peripheral Nerve
Anatomy

Microanatomy

Peripheral nerve anatomy has
been studied in detail.>” Peripheral
nerves consist of a connective tissue
framework, with an inner and out-
er epineurium covering the nerve
trunk; a perineurium surrounding
the fascicles; and an endoneurium,
which is intimately associated with
each myelinated nerve fiber or group
of unmyelinated nerve fibers. These
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structures are supplied by a longitu-
dinal network of epineurial, peri-
neurial, and endoneurial vessels.

A single nerve cell is composed of
a cell body, an axon, and terminal
branches. A nerve fiber may be com-
posed of multiple unmyelinated ax-
ons enveloped within a Schwann
cell or may be a single myelinated
axon wrapped by a Schwann cell.
The areas between myelinated seg-
ments, called nodes of Ranvier, are
devoid of myelin. These nodes trans-
mit nerve signals from the cell body
(central nerve body) proximally to
the nerve endings distally. Schwann
cells are interposed between the
axon and the endoneurium. These
cells provide the axon with neces-
sary nutrients. The cell body cyto-
plasm extends down the axon, form-
ing the axoplasm, which contains
microtubules and neurofilaments,
elements necessary for axonal trans-
port. Loss of axonal transport and
function of the nodes of Ranvier at
any location along the peripheral
nerve produces similar loss of nerve
ending function and denervation at
the myoneural junction.

Macroanatomy

Compression neuropathies of the
ulnar nerve occur at anatomic sites
that are susceptible to intrinsic and
extrinsic compressive factors.® In-
trinsic sources of nerve compression
include anatomic structures, patho-
logic lesions (eg, perineuroma), and
congenital anomalies (eg, hamarto-
ma of the ulnar nerve). Extrinsic fac-
tors include fibrous tendon or mus-
cle bands, hypertrophied muscles,
and vascular lesions, any of which
may directly compress the ulnar
nerve at the elbow or wrist.

Acute compression may be
caused by intraneural bleeding from
blood dyscrasia; blunt trauma; frac-
ture or dislocation; open injury
(eg, knife or gunshot wound); or iat-
rogenic crush injury caused by sur-
gical instruments, positioning, or
prolonged tourniquet use. Chronic
compression may be caused by hy-

pertrophic callus resulting from
olecranon or distal humerus fracture
or fracture malunion. Cubitus val-
gus is a cause of ulnar neuropathy re-
sulting from distal humeral physeal
fracture. Other etiologies of ulnar
neuropathy include perineural scar-
ring, ganglion cysts, tumors, and el-
evation of intracompartmental pres-
sures.

Proliferation of the joint synovi-
um and tenosynovium in rheuma-
toid disease has led to cubital tunnel
syndrome and other forms of neural
entrapment (eg, radial nerve com-
pression). Tophaceous gout may
cause entrapment neuropathy as the
result of uric acid crystal deposits in
the tenosynovium or in the nerve it-
self. The patient with hemophilia
is susceptible to compression from
perineural, intramuscular, and intra-
neural hematoma.

Some patients have a congenital
predisposition to nerve compression
because of the presence of an aber-
rant muscle (anconeus epitrochlearis
muscle) in the cubital tunnel, a cer-
vical rib that produces thoracic out-
let syndrome, or malformation (eg,
supracondylar process proximal to
the elbow). Repetitive injury caused
by vibrating hand tools as well as
highly repetitive and forceful mo-
tion of the upper extremity have
been implicated in ulnar nerve com-
pression disorders at the wrist.

Pathophysiology of
Nerve Compression

Classification

Peripheral nerve injuries are most
easily grouped into three types:
neurapraxia, axonotmesis, and neu-
rotmesis. The latter has been divid-
ed into five degrees.® In first-degree
injury (neurapraxia), local myelin
damage blocks axonal conduction,
but all nerve components remain in-
tact. Second-degree injury (axonot-
mesis) is characterized by loss of
axonal continuity, with wallerian
degeneration of axons and myelin
distally. First- and second-degree le-

sions recover spontaneously. In
third-degree nerve injury, the peri-
neurium is intact but the Schwann
cells, axons, and endoneurium are
disrupted. Regeneration may be in-
complete, and fibrosis develops
within the nerve. In fourth-degree
injury, the epineurium remains in-
tact. In fifth-degree injury, the nerve
is transected. A combination of all
of the above degrees of nerve injury
recently has been categorized as
sixth-degree injury. Compression
neuropathy typically is a first- or
second-degree injury, although there
are instances of third-degree involve-
ment.

Acute Effects

Acute nerve dysfunction, which
occurs within hours of injury, often
is related to compression secondary
to ischemic changes. Basic research
has shown that nerve dysfunction
can be induced with extraneural
pressure ot 4.0 kPa less than the di-

astolic pressure.>’? Rydevik et all®
demonstrated that 6.7 kPa extraneu-
ral compression applied (ORI
@@E8altered the shape of myelin
sheaths. Higher pressures resulted in
severe splitting and distortion of the
myelin. Cyclic loading of nerves has
been shown to decrease nerve func-
tion, which is similar to the effects
of constant loading at the mean pres-
sure.

Short-term Nerve
Compression

Sustained low intraneural pres-
sure may cause intraneural edema.
Increased epineurial and endoneurial
vessel permeability have been found
after just 2 hours of compression.
This edema has been shown to per-
sist for longer than 24 hours, even
after removal of the compressive
insult.? Fracture-dislocation of the
wrist and elbow may produce acute
ulnar neuropathy secondary to sus-
tained intraneural pressure from dis-
placed bone fragments.
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The five sites of potential ulnar nerve entrapment around the elbow: arcade of
Struthers, medial intermuscular septum, medial epicondyle, cubital tunnel, and deep
flexor pronator aponeurosis. (Copyright Mayo Foundation.)

Long-term Effects

Extraneural compression for long-
er durations (<28 days) has been
studied.’® As with the short-term
studies, subperineurial edema may
persist even after the removal of the
extraneural compression. Inflamma-
tory and fibrin deposits occur with-
in hours, followed by proliferation of
endoneurial fibroblasts and capillary
endothelial cells. Fibrous tissue from
endoneurial fibroblasts proliferates
within several days, followed by
invasion of mast cells and macro-
phages into the endoneurial space.
Axonal degeneration is noted in
nerves subjected to compression for
4 weeks.

Histopathology

Histologic examination of nerves
at the site of compression injury re-
veals proliferation of the endoneurial
and perineurial microvasculature,
edema in the epineurial space, and
fibrotic changes.>”/19 Initial changes
occur in the nerve-blood barrier, fol-
lowed by edema and epineurial fibro-
sis. Thinning of the myelin sheath
then occurs at the periphery of the
nerve. Axonal degeneration follows

prolonged compression. The rate and
severity of these changes differ
throughout the nerve, possibly be-
cause of variations in the amount
of connective tissue. These patho-
logic changes appear to be dose-
dependent, based on the duration
and force of compression.

Anatomy

The ulnar nerve arises from the C8
and T1 nerve roots of the medial
cord of the brachial plexus.®!! Five
branches arise at the level of the
cord; from proximal to distal, they
are the medial pectoral nerve, medi-
al brachial nerve, medial antebrachi-
al cutaneous nerve, medial contribu-
tion to the median nerve, and ulnar
nerve. Impingement of the C8, T1
root, caused by cervical spondylosis
with narrowing of the intervertebral
foramina, may lead to symptoms
that mimic ulnar nerve compres-
sion.

Within the neck, compression or
injury of the brachial plexus (ie, me-
dial cord and distal branches) may
occur secondary to a Pancoast tumor
in the lung, metastatic disease (eg,

breast cancer, lymphoma), or a cervi-
cal rib entrapping any part of the bra-
chial plexus before it divides into the
branches for the upper extremities.
These passages begin at the level of
the thoracic inlet, which is com-
posed of the first rib laterally, the
spine dorsally, and the manubrium
sterni anteriorly. The passages move
over the first rib to enter a potential
space bordered anteromedially by
the anterior scalene muscle, pos-
terolaterally by the middle scalene,
and at the base by the first rib. The
medial cord and the ulnar nerve then
enter the thoracic outlet at the level
of the apex of the axilla, which is
bordered by the first rib medially,
the upper border of the scapula and
subscapularis muscle dorsally, and
the clavicle and subclavius muscle
anterolaterally.

At the level of the axilla, the ul-
nar nerve is located between the ax-
illary artery and vein, posterior to
the pectoralis minor. The nerve con-
tinues in a sheath medial to the bra-
chial artery at the level of the upper
arm, then separates from the vascu-
lar bundle at the level of the inser-
tion of the coracobrachialis muscle
and travels posteriorly with the ul-
nar collateral artery. The ulnar nerve
next pierces the medial intermusclar
septum, emerging from under the ar-
cade of Struthers, and lying on the
medial head of the triceps (Figure 1).
The arcade of Struthers, which is
present in approximately 70% of the
population, is a thickening of the
deep investing fascia of the distal
arm. It extends from the medial head
of the triceps to the intermuscular
septum.'?

At the level of the elbow, the ul-
nar nerve continues distally toward
the posterior aspect of the condylar
groove, passing between the medial
epicondyle and olecranon to enter
the cubital tunnel. The floor of this
tunnel is formed by the medial col-
lateral ligament of the elbow, the
joint capsule, and the olecranon. The
roof is formed by the arcuate (Os-
borne’s) ligament. This ligament
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blends distally with the antebrachi-
al fascia superficial to the aponeuro-
sis and connects the ulnar and hu-
meral heads of the FCU. The ulnar
nerve continues further in the fore-
arm between the FCU and the flex-
or digitorium profundus (FDP) mus-
cles.

The ulnar nerve begins branching
at the elbow, with a sensory articu-
lar branch to the elbow joint, after
which it provides two to four
branches to the FCU. In addition, it
gives either a single branch or mul-
tiple branches to the medial one half
of the FDP. The intraneural topogra-
phy of the ulnar nerve at the cubital
tunnel region shows that the loca-
tion of the nerve fibers to the FCU
and FDP is more central, whereas
the motor fibers to the hand muscles
and sensory fibers to the hand and
fingers are located more superficial,
which places the latter at a higher
risk for compression and ischemia
and thus, earlier clinical manifesta-
tion of entrapment neuropathy.

Distal to the axilla within the
arm, forearm, and wrist, the ulnar
nerve can be compressed by any of
the following structures: arcade of
Struthers, medial intermuscular sep-
tum, medial epicondyle, Osborne’s
ligament, fascia of the FCU, and apo-
neurosis of the proximal edge of the
flexor digitorum superficialis. The
presence of an anomalous muscle,
the anconeus epitrochlearis, at the
level of the cubital tunnel, also may
lead to ulnar nerve compression at
the elbow.

At the level of the middle to
distal one third of the forearm, the
ulnar nerve gives two cutaneous
branches. The dorsal cutaneous
branch, which arises 6 to 10 cm
proximal to the wrist flexion crease,
supplies the dorsomedial aspect of
the hand and fingers. The palmar cu-
taneous branch of the ulnar nerve
originates near the middle of the
forearm and accompanies the ulnar
artery into the hand. It gives branch-
es to the ulnar artery, perforates the
flexor retinaculum, and ends in the

anteromedial skin of the palm, com-
municating with the palmar branch
of the median nerve. The proximal
dorsal cutaneous sensory branch of
the ulnar nerve helps to separate
more proximal (cubital tunnel) from
distal (Guyon’s canal) compression
neuropathy of the ulnar nerve.

At the level of the wrist, the ulnar
nerve enters Guyon’s canal.!® This
canal is approximately 4 cm long,
and it is divided into three zones: 1,
located proximal to the bifurcation
of the nerve; 2, surrounding mostly
the deep motor branch; and 3, sur-
rounding mostly the superficial sen-
sory branch.!* The roof of the canal
is formed by the volar carpal liga-
ment, the floor by the pisohamate
ligament and the transverse carpal
ligament, the radial wall by the ab-
ductor digiti minimi and the hook of
hamate, and the ulnar wall by the
pisiform.

In the hand, the ulnar nerve di-
vides into the superficial sensory
branch and the deep motor branch.
The superficial sensory branch sup-
plies the palmar surfaces of the little
finger and the ulnar half of the ring
finger. The deep motor branch sup-
plies all of the small muscles of the
hand except the radial two lumbri-
cals and the median innervated the-
nar muscles, which include all of the
thenar muscles, with the exception
of the deep head of the flexor pollicis
brevis.

Causative factors leading to ulnar
tunnel syndrome include ganglion of
the triquetrohamate joint, ulnar ar-
tery thrombosis, palmaris brevis hy-
pertrophy, and nonunited fracture of
the hook of hamate.

Diagnosis

History

A detailed history should be ob-
tained for all patients who present
with symptoms suggestive of upper
extremity nerve entrapment. The
patient usually presents with ill-
defined upper extremity pain, which
may be localized to the medial as-

pect of the elbow.!>1¢ Paresthesia
and numbness of the small finger
and the ulnar half of the ring finger
are common, as is hand weakness
secondary to intrinsic muscle weak-
ness, which leads to reduced grip and
pinch strength, difficulty opening
bottles, and fatigue.

The patient should be asked
about the onset of symptoms, sub-
jective feelings of numbness (dorsal
hand versus volar), grip or pinch
weakness, loss of spreading of the
fingers or thumb, exacerbating and
alleviating factors, comorbidities (eg,
diabetes, hemophilia, general pe-
ripheral neuropathy), and occupa-
tion. Ulnar hammer syndrome is a
likely diagnosis in the patient who
works with vibrating tools. The
positions of the shoulder, elbow, and
wrist that provoke the symptoms
are recorded. These positions in-
clude elbow flexion (compression of
the cubital tunnel), overhead eleva-
tion (thoracic outlet syndrome), and
wrist flexion (entrapment in Gu-
yon’s canal).

Physical Examination

In the patient with ulnar nerve
symptoms, the examination must be
performed from the proximal origin
of the nerve to its most distal as-
pect.!® A detailed examination of the
cervical spine, neck, and axilla is
performed to rule out thoracic outlet
syndrome and cervical nerve root
compression. The Adson maneuver
and the Allen test for thoracic outlet
syndrome, and the Spurling test for
cervical nerve root compression,
may aid in differentiating between
these differential diagnoses. Within
the axilla, palpation, for a mass or
Tinel sign should be performed. The
ulnar nerve should be traced by pal-
pation, and the Tinel sign should be
sought along the medial aspect of
the arm, from the axilla to the cu-
bital tunnel.

Next, a detailed examination of
the elbow should be performed, pay-
ing attention for any mass or defor-
mity. The carrying angle of the el-
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bow must be determined. It is also
important to check for ulnar nerve
subluxation with elbow flexion and
extension, and to differentiate ulnar
neuropathy from the snapping tri-
ceps syndrome.!”

When examining the wrist and
hand, the surgeon should examine
for swelling or a pulsatile mass, as
well as for point tenderness over the
hook of hamate or pisiform. In addi-
tion, a vascular examination should
be performed, including the Allen
test at the wrist; detection of thrills
or bruits in the axilla, arm, or wrist;
and, if necessary, a Doppler exami-
nation.

Sensory Examination

Sensory touch fibers (group A-B)
are divided into slowly and quickly
adapting fibers.'® A slowly adapting
fiber continues its pulse response
throughout the duration of the im-
pulse, while a quickly adapting fiber
signals an on-off event. Useful test-
ing tools include a two-point dis-
crimination-measuring device, the
Semmes-Weinstein monofilament
test, a 256 cps tuning fork, and a vi-
brometer. The static two-point dis-
crimination and Semmes-Weinstein
monofilament tests evaluate the
slowly adapting fibers, whereas the
moving two-point discrimination
and vibration tests evaluate the
quickly adapting fibers. As part of
the sensory assessment, the examin-
er should note changes in the
threshold of stimulus intensity
and innervation density. Threshold
tests, which include the Semmes-
Weinstein and the vibration test,
measure a single nerve fiber inner-
vating a receptor or a group of recep-
tors. These tests are particularly use-
ful for detecting gradual, progressive
changes in nerve function.

Mild nerve compression results
in transient hypersensitive respons-
es to vibratory perception. Moderate
to severe compression results in
decreased cutaneous vibratory per-
ception. Innervation density tests,
which include static and moving

two-point discrimination, measure
multiple overlapping peripheral re-
ceptive fields and the density of in-
nervation in the region being tested.
These tests are reliable for assessing
functional nerve regeneration after
nerve repair, but they are not sensi-
tive to the gradual decrease in nerve
function seen in nerve compression.
Only when nerve compression re-
sults in wallerian degeneration does
the diminution in the density of in-
nervation lead to increased two-
point discrimination (<6 mm, nor-
mal; >10 mm, poor).

Several easily performed tests are
useful in diagnosing ulnar neuropa-
thy, including Tinel’s nerve percus-
sion test, direct compression of the
nerve, elbow flexion, and use of a
hand diagram on which the patient
marks on an outline of the location
of numbness, tingling, or pain over
the dorsal and palmar aspects of
the hand. The Semmes-Weinstein
monofilament, vibrometry, and di-
rect compression tests are the most
sensitive, and the hand diagram and
Tinel sign are the most specific, for
diagnosing ulnar nerve compression
at Guyon'’s canal. However, with cu-
bital tunnel syndrome, it has been
shown that both the Tinel sign and
the Phalen test, which consists of el-
bow flexion, forearm supination, and
wrist extension for 1 minute, are
falsely positive in 24% of cases.!*
Thus, none of the aforementioned
tests is highly sensitive or specific
for cubital tunnel syndrome.

Motor Examination

Motor function is graded on a
scale of 0 to 5. Grip and pinch
strength in the hand are measured
using a dynamometer and a pinch
gauge. Motor dysfunction usually is
not associated with mild compres-
sion. Moderate compression can
cause muscle weakness, and severe
compression may lead to muscular
atrophy.l7:15

The motor examination should
be performed by resistive testing of
the FDP to the ring and little fingers,

as well as the small muscles in the
hand, with the exception of the me-
dian innervated muscles. However,
the examiner should be aware of
anomalous innervation patterns,
such as the Martin-Gruber commu-
nication, which exists in 7.5% of the
population.!?15 In this anomaly, the
anterior interosseous nerve, a branch
of the median nerve, communicates
with the ulnar nerve in the proximal
forearm. Thus, the FDP innervation
may vary from all ulnar and all me-
dian, to completely dual, with the
thenar muscles possibly innervated
by the ulnar nerve.

Another nerve anomaly is the
Riche-Cannieu anastomosis, which
consists of communication between
the motor branch of the ulnar nerve
and the recurrent branch of the me-
dian nerve. The median nerve may
innervate all of the lumbrical mus-
cles, and the dorso-ulnar surface of
the hand may be innervated by a su-
perficial branch of the radial nerve.

Intrinsic muscle testing is done
on the first dorsal interosseous, ab-
ductor digiti quinti, and adductor
muscles. Weakness of the adductor
pollicis can be tested by detecting ei-
ther a positive Jeanne’s sign, indicat-
ing loss of key pinch of the thumb,
or Froment sign (thumb flexion), in-
dicating weakness involving the 1st
dorsal interosseous, 2nd palmar in-
terosseous, or adductor pollicis mus-
cles. In the Froment test, during key
pinch (straight thumb interpha-
langeal joint), the thumb flexes at
the interphalangeal joint as a result
of the overpull of the flexor pollicis
longus caused by paralysis or weak-
ness of the adductor pollicis. The pa-
tient attempts to lateral pinch on a
piece of paper or cloth against resis-
tance. To compensate for the adduc-
tor paralysis and to allow for the
cloth to be held and not pulled away
from the thumb, the FPL overly con-
tracts, producing the Froment sign.

The crossed fingers test is done to
evaluate the function of the 1st pal-
mar and 2nd dorsal interossei. The
surgeon also should check for the
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Duchenne sign (clawing of the ring
and little finger), as well as the
Wartenberg sign (spontaneous ab-
duction of the little finger when the
patient attempts to extend the fin-
gers). The Wartenberg sign is caused
by unopposed ulnar insertion of the
extensor digiti quinti. The examiner
may notice more severe claw defor-
mity in the little finger than in the
ring finger. This disparity is caused
by inherent increased laxity in the
little finger metacarpophalangeal
joint volar plate. In approximately
one half of patients, the median
nerve has cross-innervation to the
lumbrical of the ring finger, thus pre-
venting claw deformity of the ring
finger. Clawing should not occur in
either the long or the index finger.
Testing the innervation of the
dorsal sensory branch of the ulnar
nerve aids in distinguishing proxi-
mal (cubital tunnel) from distal
(Guyon’s canal) lesions. An abnor-
mal sensory examination over the
ulnar dorsopalmar aspect of the hand
indicates a more proximal lesion.

Diagnostic Tests

Radiographs

Radiographs of the involved ex-
tremity should be obtained to rule
out any bony deformity or anomaly
as a cause of nerve entrapment at the
elbow or the wrist.!> Occasionally,
classic peripheral neuropathy is
caused by anatomic variations that
may be visible on plain radiographs
(eg, median nerve compression
caused by a supracondylar process).

Cervical spine radiographs, in-
cluding outlet views and transaxil-
lary views, are required to rule out
cervical radiculopathy and cervical
rib involvement. A chest radiograph
is recommended to rule out Pan-
coast tumor in the patient with a
history of smoking, shoulder pain,
and ulnar nerve-related symptoms.
Anteroposterior, lateral, and epi-
condylar tunnel views of the elbow
are recommended to rule out arthri-
tis, posttraumatic changes, and ab-

normal carrying angle (eg, cubitus
valgus). Recently, ultrasound of the
cubital tunnel was used to deter-
mine the size of the ulnar nerve and
compare it with a normal value.!?
The authors demonstrated a correla-
tion between decreased diameter of
the nerve and progressive ulnar neu-
ropathy at the elbow.

At the level of the hand, carpal
tunnel and oblique views should be
obtained for the patient with ulnar
tunnel (ie, Guyon’s canal) syndrome.
Additional studies, including a com-
puted tomography scan of the hand,
should be considered to rule out frac-
ture of the hook of hamate. Soft-
tissue anomalies may be evident on
magnetic resonance imaging, includ-
ing space-occupying lesions causing
nerve compression, such as ganglion,
soft-tissue tumors, or aneurysm.'$
Thrombosis of the ulnar artery lead-
ing to ulnar nerve symptoms in the
hand can be confirmed by either a
duplex scan ultrasound or an angio-
gram.

Electrodiagnostic Studies

Electromyography (EMG) records
electrical activity within a muscle
during voluntary contraction.!” The
relaxed muscle is neutral. Weak vol-
untary contraction produces a few
motor action potentials. Maximal ef-
fort produces a signal with multiple
action potentials firing simulta-
neously. EMG is helpful in diagnos-
ing advanced compression neuropa-
thy with muscular denervation,
which results in spontaneous action
potential muscle fibrillations and
decreased interference patterns with
maximal voluntary effort.

In motor nerve conduction stud-
ies, amplitude, velocity, and latency
of the muscular action potential are
measured. Conduction velocity and
latency are related to nerve myelina-
tion; electrical amplitude is related
to the integrity of the axon. Com-
pression neuropathy results in in-
creased distal latency and decreased
conduction velocity. Absence of mo-
tor response suggests severe neurop-

athy. One of the earliest signs of
compression neuropathy is an in-
crease in the threshold of excita-
bility to stimulation of the involved
nerve.

The patient with cubital tunnel
syndrome may show focal slowing
of conduction in the ulnar nerve seg-
ment crossing the elbow. The lower
limit of normal with the elbow
flexed to 135° should be >49 m/sec
or within 11 m/sec of the forearm
segment. Conduction study with the
inching technique can aid in localiz-
ing a specific area of compression at
the elbow (ie, supracondylar pro-
cess).

Laboratory Studies
Laboratory studies should be used
judiciously to eliminate differential
diagnoses and to monitor comorbid
conditions in the patient with nerve
compression syndrome. Thyroid ab-
normalities, diabetes, and autoim-
mune disorders should be assessed
and treated before any surgical inter-
vention for peripheral neuropathy.

Treatment

Nonsurgical

Nonsurgical management of ul-
nar neuropathy is indicated for mild
to moderate ulnar nerve entrap-
ment.?° Night splinting with the el-
bow in 45° of flexion and the fore-
arm in neutral rotation, padding of
the nerve, and daily use of a cushion
splint or protective splinting of the
wrist are recommended, in addition
to nonsteroidal anti-inflammatory
drugs and, occasionally, steroid in-
jection. Occupational therapy em-
phasizing ergonomic upper extremi-
ty positioning at work and at rest
also may aid in recovery. The patient
with intermittent symptoms, no at-
rophy, and mild electrodiagnostic
findings may respond well to non-
surgical management.

Surgical
Surgical intervention is indicated
when nonsurgical methods have
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failed.81118,19.2124 Because there are
multiple areas of potential ulnar
nerve compression, the surgical op-
tions are many and should be tai-
lored to the particular patient. The
principle of surgery is to decompress
a peripheral nerve by removing the
pressure applied to the nerve at rest
and when the joint across which the
nerve travels is taken through a
range of motion. All sites of com-
pression must be eliminated, and the
nerve must be tension-free and al-
lowed to glide. Many surgical tech-
niques have been described to de-
compress the ulnar nerve at the
elbow, including in situ decompres-
sion, medial epicondylectomy, and
anterior transposition of the subcu-
taneous, intramuscular, or submus-
cular positioning of the nerve. More
recently, endoscopic in situ decom-
pression has been described.?®

Decompression

With in situ decompression, all
sites of compressions are relieved,
keeping the nerve in its bed. Os-
borne?¢ reported on the technique of
in situ release. An incision is placed
midway between the medial epi-
condyle and the olecranon. The ul-
nar nerve is identified proximally
and then exposed. Using scissors,
the cubital tunnel retinaculum (ie,
Osborne’s ligament) is divided prox-
imal to distal. The fascia between
the two heads of the FCU then are
incised. The motor branch to the
FCU is identified and preserved. Fur-
ther release is performed distally
through the flexor-pronator apo-
neurosis; when indicated, the nerve
is decompressed proximally through
the medial intermuscular septum.

Wilson and Krout?” reported on 16
consecutive patients (17 elbows)
treated with simple decompression.
They reported eight excellent, five
good, and four fair outcomes, as well
as one revision. The authors con-
cluded that the ulnar nerve could be
restored to normal by simple decom-
pression.

Miller and Hummel?8 reported on

12 patients with progressively wors-
ening paresthesia, moderate to se-
vere weakness, and EMG changes
who were managed with simple de-
compression. Six of 7 patients had
improvement of pain, 9 of 12 had
improvement in paresthesia, and 11
of 12 had improvement on EMG.
One ulnar nerve required transposi-
tion. The authors concluded that the
best outcome of simple decompres-
sion is obtained in the patient with
mild weakness, recent onset of
symptoms, and mild abnormality of
sensory action potentials.

EMEIEEINEISIOD, U sc of local anes-

thesia, and lack of postoperative im-
mobilization. Disadvantages include
potentially inadequate decompres-
sion, ulnar nerve subluxation, and
failure to address all potential pa-
thology in the patient with advanced
motor and sensory loss and abnor-
mal bony anatomy (ie, cubitus val-
gus).

Medial Epicondylectomy

In 1959, King and Morgan®’ re-
ported their technique, in which a
12- to 15-cm incision is made over
the medial epicondyle. The medial
antebrachial cutaneous nerve is
identified and protected. The ulnar
nerve is identified and released in
the same way as for simple decom-
pression, from a proximal to distal
direction. The medial epicondyle is
exposed subperiosteally, and osteot-
omy of the medial epicondyle is per-
formed, taking care to avoid the joint
and the origin of the ulnar collateral
ligament. The osteotomy surface is
finely rasped, and the flexor-pronator
origin is then reattached to the peri-
osteum with the elbow in exten-
sion.

Craven and Green® studied 30
patients who reported symptoms of
cubital tunnel syndrome lasting for
an average of 10.8 months. These pa-
tients were treated with medial epi-
condylectomy. Twenty-eight of 30
patients had complete pain relief;

improvement in conduction veloci-
ty from an average of 33 m/sec to
54 m/sec; and no recorded flexor-
pronator weakness. The authors rec-
ommended this technique for cubi-
tal tunnel syndrome in the patient
with abnormal nerve conduction ve-
locity across the elbow.

Heithoff et al3! reviewed 43 pa-
tients with chronic ulnar neuropa-
thy who were treated with medial
epicondylectomy. At an average
follow-up of 2.3 years, 8 patients had
excellent, 23 had good, 9 had fair,
and 3 had poor results. The poor re-
sults were related to failure of the
neuropathy to improve over time.
No problems were reported related
to osteotomy site tenderness, elbow
instability, flexor-pronator weak-
ness, or increase in ulnar nerve vul-
nerability. The authors concluded
that medial epicondylectomy is a
satisfactory means of decompres-
sion.

In a primate study, Ogata et al®
demonstrated that anterior transpo-
sition is associated with significant
decrease in blood flow for several
days. No decrease in blood flow was
reported with simple release or epi-
condylectomy.

Advantages of medial epicon-
dylectomy include the relative sim-
plicity of the procedure and, because
medial epicondylectomy requires
less dissection than ulnar nerve
transposition, a lower risk of ulnar
nerve injury. Disadvantages include
bone tenderness, risk of elbow insta-
bility, wrist flexor-pronator muscle
weakness, and heterotopic bone for-
mation.

Transposition

Anterior ulnar nerve transposi-
tion relieves the biomechanical
mechanism of cyclic traction and
compression on the ulnar nerve by
placing the nerve anterior to the axis
of elbow motion. In subcutaneous
transposition, the nerve is placed su-
perficial to the flexor-pronator ori-
gin, and a fascial sling is created to
prevent nerve migration.

678

Journal of the American Academy of Orthopaedic Surgeons


Vasu Pai


Bassem Elhassan, MD, and Scott P. Steinmann, MD

Eaton et al?> reported on 14 pa-
tients (16 elbows) who underwent
subcutaneous transposition of the
ulnar nerve. Their technique con-
sisted of complete release of the ul-
nar nerve from proximal to distal,
followed by creation of a noncom-
pressing fasciodermal sling that was
placed posterior to the transposed
nerve at the level of the medial epi-
condyle. At an average 18-month
follow-up, 14 patients had improve-
ment of their symptoms, 5 of 6 pa-
tients with weakness regained nor-
mal strength, and 3 of 4 patients
with sensory loss regained two-point
sensation. The authors concluded
that subcutaneous transposition, a
simple alternative to submuscular
transposition, offers good results.

Richmond and Southmayd?? re-
ported on 18 subcutaneous transpo-
sitions in which the epineurium was
sutured to the fascia (16 patients). At
an average follow-up of 23 months,
results were excellent in 15 extrem-
ities (83%), satisfactory in 1 (6%),
and unsatisfactory in 2 (11%). The
patients with unsatisfactory results
had double lesions. The authors con-
cluded that subcutaneous transposi-
tion using an epineural sling is an ef-
fective minimally invasive option
for managing ulnar neuropathy.

Subcutaneous ulnar nerve trans-
position is technically easier to per-
form than either submuscular or in-
tramuscular transposition. However,
its disadvantages include inadequate
decompression of all areas of com-
pression and, especially in the thin
patient, the vulnerability of the
nerve to repeated trauma because of
its position in the subcutaneous tis-
sue.

Intramuscular transposition plac-
es the nerve within the muscle mass
by creating a tunnel in the flexor-
pronator origin.'® The proximal bor-
der of the pronator teres fascia is
incised in line with the medial inter-
muscular septum from mid humer-
us to the elbow. The ulnar nerve
is transposed anteriorly. A 5-mm
trough is created in the muscle, after

which the flexor-pronator fascia is
repaired over the nerve with the
forearm pronated and flexed to 90°.

Kleinman and Bishop* reported
on 45 extremities that underwent
intramuscular transposition. At an
average 28-month follow-up, 87% of
the extremities had excellent or
good results, 4% had fair results, and
9% had poor results based on senso-
ry recovery and ulnar motor strength
testing. The factors that negatively
affected outcome included preopera-
tive advanced EMG abnormalities
and cases involving workers’ com-
pensation. No problems with intra-
neural scarring were reported. The
authors concluded that anterior in-
tramuscular transposition is a reli-
able procedure with good results.

In the Learmonth submuscular
transposition technique, the flexor-
pronator mass is completely de-
tached, and the nerve is transposed
anteriorly under the muscle mass.
As described by Leffert,3® the flexor-
pronator mass is detached and re-
flected posteriorly from the medial
epicondyle. The ulnar nerve is care-
fully dissected from proximal to dis-
tal, the medial intermuscular sep-
tum is released and resected, and
restrictive fascia or abnormal mus-
cles are divided. The ulnar nerve is
transposed anteriorly adjacent and
parallel to the median nerve. Then
the flexor-pronator group is reat-
tached with the elbow flexed and the
forearm pronated.

Amadio?® reported anatomic find-
ings of the entrapped ulnar nerve in
58 patients who underwent submus-
cular transposition. The author re-
ported multiple potential sites of
ulnar constriction, particularly in
revision cases, and concluded that
submuscular transposition more
predictably released all sites of com-
pression. Dellon?! performed a liter-
ature review of 50 articles on ulnar
nerve entrapment that were pub-
lished from 1898 through 1988. He
reported that 50% of patients with
minimal compression could obtain
excellent results with nonsurgical

treatment, and nearly 100% could
obtain excellent results with any of
five surgical techniques. For moder-
ate to severe compression, anterior
submuscular transposition offered
the best results with the lowest re-
currence rate, whereas anterior in-
tramuscular transposition gave the
fewest excellent results and the
most clinical presentations of recur-
rence of ulnar nerve symptoms.

The advantages of anterior sub-
muscular transposition include re-
lease of all potential compression
sites and protection of the nerve in a
less vulnerable position beneath the
flexor-pronator origin. The disadvan-
tages include longer postoperative
immobilization, possible weakness
of the flexor-pronator mass, and a
more technically demanding proce-
dure.

In a prospective randomized
study, Nabhan et al*” compared sim-
ple decompression with anterior
subcutaneous transposition in 66 pa-
tients with cubital tunnel syndrome.
Thirty-two patients underwent sim-
ple decompression, and 34 under-
went anterior subcutaneous transpo-
sition. No significant difference in
pain, motor and sensory deficits, or
nerve conduction velocity studies
was found between the two groups
at 3- to 9-month follow-up. The au-
thors recommended simple decom-
pression of the ulnar nerve.

Biggs and Curtis® reported on 23
in situ neurolysis and 21 submuscu-
lar transpositions. The results were
equally effective, but three deep
wound infections developed in the
transposition group. The authors
concluded that in situ release is
equally effective and offers fewer
complications.

Bartels et al® reported on 75 sim-
ple decompressions and 77 anterior
subcutaneous transpositions in a
prospective randomized trial. The
authors found no difference in
clinical outcome between the two
groups. The complication rate was
9.6% in the simple decompression
group and 31.1% in the transposi-
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tion group. The authors concluded
that simple decompression was eas-
ier to perform because of reduced
soft-tissue dissection and the ab-
sence of muscle detachment. Addi-
tionally, simple decompression was
associated with fewer complica-
tions, even in the presence of sub-
luxation.

Postoperative
Complications of
Cubital Tunnel Release

CESISISRENSYRNPEONS ftcr ulnar

nerve transposition are usually the
result of incomplete decompression
or perineural scarring.*® The posteri-
or branch of the @Egi@ antebrachial
cutaneous nerve often crosses the
surgical field, particularly with ante-
rior or submuscular transposition.
Injury to this branch can lead to hy-
peresthesia, hyperalgesia in the fore-
arm, and occasionally, a painful sur-
gical scar. GElBINSEEGD of the ulnar
nerve may occur with simple de-
compression alone. Injury to the me-
dial collateral ligament of the elbow
may occur as a complication of a
submuscular transposition proce-
dure. RECHECHENSREEPESNt has
been reported following intramuscu-
lar and submuscular transposition.
To prevent nerve transfer—related ad-
hesions, Dellon?! recommended ear-
ly mobilization after ulnar nerve
surgery. Dellon believes that immo-
bilizing the elbow for more than
2 weeks to permit reattachment of
either the muscle origin or the sling
for the anterior subcutaneous trans-
position after submuscular transpo-
sition might result in adherence of
the ulnar nerve in its new position.

Revision surgery may provide
some benefit, but the results are un-
predictable. EECTISIONESOSHNIES)
75% of patients reported some re-
sidual symptoms, although many
symptoms were improved at initial
surgery, particularly with submus-
cular transposition.?! The good re-
sults with submuscular transpo-
sition led to it becoming the

recommended surgical technique for
revision cases of failed ulnar nerve
decompression.

Management of Ulnar
Tunnel Syndrome

Treatment of the ulnar nerve in
Guyon’s canal (ie, ulnar tunnel syn-
drome) follows the same principles
as management of cubital tunnel
syndrome. With ulnar tunnel syn-
drome, the possible etiologies in-
clude local masses (ie, ganglia), frac-
ture of the hook of hamate, or distal
radius fracture with marked dorsal
displacement.'**! Surgical treatment
is indicated in the patient with both
motor and sensory deficit, especial-
ly in the presence of a specific ana-
tomic lesion. On surgical explora-
tion, Guyon’s canal is opened, and
the distal arcade at the hypothenar
muscle origin is released. Release
should include all four compart-
ments, starting proximal to the wrist
flexion crease and extending to the
mid palmar line. Loss of motor func-
tion only should be managed with
release of the pisohamate ligament
and exploration of a deeply located
ganglion cyst.

Summary

Ulnar nerve entrapment syndrome
is a common compression neuropa-
thy of the upper extremity. Cubital
tunnel syndrome is the most com-
mon form of this entrapment. Surgi-
cal release of the cubital tunnel
alone or with anterior transfer of the

ulnar nerve is reoiMeUSINEOMNG
clEsHlyapEEsR subcutaneous trans-
position is recommended in the
presence of both motor and sensory
deficit. For the patient with persis:
tent symptoms, no objective motor
loss, and mild sensory loss, release of
the cubital tunnel alone may be suf-
ficient. A GEIBINREERE ulnar nerve
should be managed with anterior
transposition. GTNSENED trans-
position is recommended for the
throwing athlete, as well as for the

patient with more than one area of
compression and recurrence of cubi-
tal tunnel syndrome despite surgical
release.

Release of Guyon’s canal is rec-
ommended when there is clear evi-
dence of a compression neuropathy
caused by a ganglion cyst, tumor,
hamate fracture, or thrombosis of
the ulnar artery (ie, ulnar hammer
syndrome). Simultaneous release of
the carpal tunnel and Guyon’s canal
can be performed in the properly se-
lected patient.
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