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Entrapment neuropathy around elbow is a common cause of disability across all age groups. The major
nerves that traverse the elbow are ulnar, median and radial nerves and their branches. Cubital tunnel
syndrome leading to ulnar nerve compression can often present with significant pain, paresthesia or
weakness. Median and Radial nerve compression around the elbow, albeit less frequent, can also lead to
significant morbidity and must be kept in the differential diagnosis when dealing with patients com-
plaining of persistent pain around the elbow and weakness of forearm/hand muscles. Electrodiagnostic
studies can be a useful adjunct to clinical examination, to help localize the site and quantify the grade of
compression. Management should involve a trial of conservative treatment and failing that, surgical
treatment should be considered. We hereby provide an overview of nerve entrapments around the elbow
including their applied anatomy, etiology, clinical assessment and overview of the current concepts in
surgical treatment.

© 2021 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Ulnar nerve compression is the second most frequent site for
nerve entrapment in the upper limb but all nerves traversing the
elbow are at risk of entrapment including radial, posterior inter-
osseous, median and anterior interosseous nerve.1 Patients initially
present with sensory symptoms and/or pain that can gradually
progress to motor weakness resulting in significant disability.

This article aims to review the various entrapment neuropathies
around the elbow and their management.
1.1. Ulnar nerve(Cubital tunnel syndrome)

Compression of the ulnar nerve at the elbow joint is often
referred to as cubital tunnel syndrome.
1.1.1. Anatomy
The ulnar nerve lies behind the brachial artery in the anterior

compartment of the upper half of the arm. It pierces the medial
intermuscular septum, about two-thirds of the way down the arm
to enter the posterior compartment, where it lies adjacent to tri-
ceps muscle. It then travels on the posterior aspect of the medial
epicondyle of the humerus, where it is subcutaneous in location.
s, Princess Royal University
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The cubital tunnel is a fibro-osseous tunnel with olecranon process
laterally, posterior cortex medially, elbow joint capsule and poste-
rior bundle of medial collateral ligament anteriorly and the liga-
ment of Osborne posteriorly. In the forearm, the nerve passes
through two heads of the Flexor Carpi Ulnaris (FCU) running deep
to the muscle alongside the ulna.

1.1.2. Etiology
The ulnar nerve can be compressed at five potential sites around

the elbow (Fig. 1):

C Medial intermuscular septum, when it enters from anterior
to posterior compartment

C Arcade of Struthers-a fibrous band consisting of medial head
of triceps and its expansion extending into the medial
intermuscular septum, 6e10 cm proximal to medial
epicondyle

C Exostoses or osteophytes over the medial epicondyle
C Osborne ligament/fascia (fibrous band between ulnar and

humeral heads of FCU that forms the roof of the cubital
tunnel)

C Two heads of FCU muscle/FCU aponeurosis

Ulnar nerve can also be compressed by valgus deformity/olec-
ranon bursitis or synovitis around medial epicondyle in patients of
rheumatoid arthritis of elbow.
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Fig. 1. Ulnar nerve entrapment sites around elbow.

Fig. 2. (a) Froment's sign- FPL recruitment (Left thumb) to grasp paper due to weak-
ness of adductor pollicis and first dorsal interossei(b) Wartenburgsign-abduction of
little finger due to unopposed action of extensor digitiminimi.
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Among these, the most common site of compression is between
the two heads of FCU.2

The ulnar nerve becomes taut in flexion and continues to be
stretched as the area in the cubital tunnel decreases beyond 90� of
flexion.3 When the elbow is bent, tensile load on the nerve in-
creases and pressure within the cubital tunnel can be as high as 20
times of that at rest.4 Baseball pitchers, truck divers or office
workers whose job involve repetitive or prolonged flexion of elbow,
are more likely to develop ulnar neuropathy.5 Keeping the arm
under the head during sleep with shoulder abducted and elbow
acutely flexed, can decrease nerve conduction velocity and cause
paresthesias in the ulnar nerve distribution in the hand.6

Ulnar nerve subluxation has been reported as a risk factor for
nerve entrapment, but without any conclusive evidence. However,
some surgeons advocate anterior transposition if nerve instability
is noted intra-operatively.7,8

1.1.3. Clinical features
Patients initially present with sensory symptoms such as

paresthesia, numbness and pain along the distribution of the nerve,
predominantly in the little finger and ulnar border of the ring
finger. If left untreated, it can progress to weakness and complete
loss of sensation distal to the site of compression. Hypoesthesia in
the ulnar nerve distribution and positiveTinel's test over the cubital
tunnel are helpful in establishing the diagnosis. Motor involvement
manifests as wasting of first dorsal interosseous and clawing of
little and ring fingers which is suggestive of severe compression.9

Froment's sign (Fig. 2a) tests the power of adductor pollicis and
first dorsal interosseous. It is elicited by asking the patient to grasp
a paper between the ulnar border of thumb and radial border of
index finger. Inability to hold the paper with adducted thumb and
flexion of thumb interphalangeal joint (IPJ) due to flexor pollicis
longus recruitment signifies a positive test. Wartenberg's sign
(Fig. 2b) is an involuntary abduction (abduction posture) of little
finger when asked to hold fingers together, caused by unopposed
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action of extensor digitiminimi due to weakness of ulnar nerve
innervated intrinsic hand muscles-in particular the palmar inter-
ossei muscle to the little finger.

The ulnar paradox is:the more distal the lesion, the worse is the
clawing.10 It occurs due to sparing of the flexor digitorum pro-
fundus in more distal lesions.
1.1.4. Investigations
Nerve conduction studies (NCS) and Electromyography (EMG)

are useful investigations to confirm the diagnosis. Motor Nerve
Conduction Velocity (NCV) less than 50 m/s and a decrease in
compound muscle action potential (CMAP) peak amplitude (less
than 20% of the normal contralateral limb)using moderate elbow
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flexion between 70 and 90�, are suggestive of ulnar nerve
entrapment.11

Ultrasound imaging in real-time flexion and extension is a dy-
namic investigation to evaluate nerve motion and its relation to
surrounding muscles and tendons such as the medial head of tri-
ceps.12 Nerve swelling seen in ultrasound as compared to control
subjects, is a reliable diagnostic tool indicating nerve
derangement.13e15 Ulnar nerve in the opposite elbow should be
scanned in the same degree of flexion before reaching a conclusion.

Plain radiographs in anteroposterior, lateral and cubital views to
assess osteophytic narrowing of the cubital tunnel are useful.
Magnetic Resonance Imaging (MRI) in elbow flexion would be
helpful if a space occupying lesion is suspected. It can also diagnose
a snapping ulnar nerve.16 A signal hyperintensity on T2 weighted
images in MRI and nerve swelling represents a symptomatic ulnar
nerve caused due to compression. However, some studies show
that 60% of asymptomatic elbows also show signal hyperintensity
in the ulnar nerve in MRI.17

1.1.5. Treatment
1.1.5.1. Nonoperative treatment. Patients with mild to moderate
symptoms often respond well to nonoperative management
including patient education, non-steroidal anti-inflammatory
drugs (NSAIDS), night splints and activity modification.18,19

Svernolov et al. managed 3 groups of patients nonoperatively:
the first group was provided a nightsplint, the second group was
treated with nerve gliding exercises and the third group was
educated for activity modification. They found that 89.5% of pa-
tients experienced improvement in symptoms with no difference
between the three groups.20

Avoidance of provocative activities such as prolonged periods of
elbow flexion has shown spontaneous recovery of mild and/or in-
termediate symptoms.21

1.1.5.2. Surgical treatment. Indications for surgery include failure of
nonoperative management, presence of muscle weakness/wasting
and evidence of severe compression on NCS. Decompression of the
nerve has been described using open, mini open or endoscopic
techniques.

The open technique is carried out by a 10 cm longitudinal
incision along the course of the ulnar nerve between the medial
epicondyle and olecranon, usually starting 5 cm above medial
epicondyle. Structures released from proximal to distal are medial
intermuscular septum, arcade of Struthers, Osborne's ligament and
FCU fascia. Care should be taken to only release the superficial
fascia over the nerve and the vascular bed of the nerve should not
be disturbed. The nerve is examined for subluxation at the end of
the procedure and significant instability on flexion can be an
indication for anterior transposition, especially in patients with
muscle atrophy.

The mini open technique is more popularand is the senior au-
thor's treatment of choice. Various authors have published their
clinical outcomes demonstrating excellent results using a small
skin incision but ensuring a complete deep release of the nerve.22,23

Main advantages of this technique is a shorter scar with reduced
surgical site tenderness.

Endoscopic release of the nerve has been reported with satis-
factory outcomes. Smeraglia et al.24 conducted a systematic review
and concluded that the main advantages of the endoscopic tech-
nique are shorter time to return to work and better cosmetic
appearance of the scar. However, increased risk of postoperative
haematoma formation has been reported with this technique.1

Anterior transposition of the nerve is also a well described
surgical technique, but of doubtful additional benefit. Simple
decompression of ulnar nerve provides excellent results in
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relieving symptoms without disturbing its blood supply. A meta-
analysis of studies comparing simple decompression versus sim-
ple decompression and transposition found no difference in out-
comes. A Cochrane review has also shown no difference between
simple decompression and transposition of the ulnar nerve for both
clinical and neurophysiological improvement.1 It also found an
increased risk of superficial and deep wound infections in patients
who had transposition. The main indication for transposition is the
presence of ulnar nerve instability noted intra-operatively, espe-
cially in patients with muscle atrophy and presence of medial
epicondyle osteophytes/osteoarthritic changes. Anterior trans-
position can be performed using subcutaneous, intramuscular or
submuscular techniques. No significant difference in outcomes has
been found between the three techniques. Subcutaneous trans-
position in slim patients can be associated with a visible, palpable
and irritable ulnar nerve. Intramuscular and submuscular ap-
proaches are associated with a risk of recurrent compression by the
muscle or its fascial bands.25,26

Medial epicondylectomy is another technique which has been
described, with a view to theoretically eliminate traction of the
nerve and reduce strain during elbow flexion with satisfactory
outcomes. However, complications such as medial elbow pain,
nerve subluxation, flexor-pronator weakness, flexion contracture
and medial elbow instability due to injury to anterior band of
MCLhave been reported. To avoid these complications, a partial
medial epicondylectomy has been advocated which did not show
any case of instability in a series of 80 patients27

Outcomes of surgery are excellent in patients with mild to
moderate compression. However, the results can be disappointing
in patients with prolonged or advanced nerve compression. Unre-
alistic patient expectations can contribute to poor outcomes of
surgery. Patients should be warned that the recovery of pain,
paresthesia, pinch and grip strength can be a slow and gradual
process and the improvement may continue for 12 months.28 Tong
et al. reported that patients with severe compression and absent
sensory nerve action potential had worse outcomes.29

Failure of decompression surgery can be due to late presenta-
tion, advanced compression, inadequate release, ulnar nerve
instability, double crush or iatrogenic nerve injury. Recurrence of
cubital tunnel syndrome can be due to secondary compression,
perineurial scarring, elbow stiffness/osteoarthritis and ulnar nerve
instability.30 Revision surgery for failure or recurrence often in-
cludes neurolysis±anterior transposition depending on the cause.
Outcomes of revision surgery can be unpredictable, and most pa-
tients report ongoing symptoms. Grandizio et al. reported
improvement in pain and paresthesia following revision decom-
pression. Patients with severe motor neuropathy and older age
have unfavourable prognosis.30

1.2. Radial nerve

Whilst the ulnar nerve is most commonly involved, both the
radial nerve and the posterior interosseous nerves (PIN) are also
susceptible to compression around the elbow.

1.2.1. Anatomy
The radial nerve arises from the posterior cord of the brachial

plexus. In the lower arm, it passes through the lateral intermuscular
septum from the posterior to the lateral compartment of the arm
between the brachialis and brachioradialis muscles. The nerve then
passes anterior to the lateral epicondyle into the cubital fossa and
forearm. It divides into the PIN which is a motor branch passing
within the heads of the supinator muscle and innervates the
muscles of the posterior compartment of the forearm(Fig. 2). The
superficial branch follows the radial artery distally to the wrist



A.A. Naik, A. Bawa, A. Arya et al. Journal of Clinical Orthopaedics and Trauma 19 (2021) 209e215
where it terminates into sensory branches.

1.2.2. Etiology
Proximal to the elbow, the radial nerve can be compressed by

overuse, direct trauma and/or haematoma. Additionally, the fibrous
arch of the long head or lateral head of triceps can cause the
entrapment of radial nerve above the elbow. More commonly, it is
compressed just proximal to supinator muscle or in the radial
tunnel (Fig. 3).

1.2.3. Clinical features
Patients present with gradual sensory loss/alteration over the

dorsal aspect of the fingers and hand, the dorsal first web space
(autonomous zone) and weakness of wrist and finger extension.
Patients with severe compression can develop a wrist drop.
Assessment of motor function can be done by examining for
resisted dorsiflexion of the wrist while palpating the tendons of
extensor carpi radialis longus (ECRL) and extensor carpi radialis
brevis (ECRB) which inserts to the base of second and third meta-
carpal, respectively. Brachioradialis (BR) is tested by flexing a semi
prone forearm against resistance.

1.2.4. Investigations
Diagnosis can be confirmed by EMG studies. MRI is useful in

detecting nerve changes and diagnosing small tumors, masses,
aneurysms or compressive synovitis.

1.2.5. Treatment
A trial of nonoperativetreatment using splints/activitymodifi-

cation/NSAIDS should be tried initially.31,32 Surgical exploration
and decompression should be considered if nonoperative treat-
ment is unsuccessful. The return of function follows a pattern with
brachioradialis and ECRL recovering first, followed by extensor
pollicis longus and extensor Indicis.33

1.3. Posterior interosseous nerve(PIN)/radial tunnel syndrome(RTS)

PIN syndrome and RTS are often described as interchangeable
terms but in the senior author's opinion, RTS usually refers to Radial
nerve/PIN compression at the proximal part of the radial tunnel and
presents predominantly with lateral elbow pain. PIN syndrome, on
the other hand, is usually associated with neurological symptoms
and signs.

1.3.1. Etiology
The anatomic radial tunnel extends from the radial head to the
Fig. 3. Radial nerve entrapment:Common sites: proxim
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inferior border of the supinator muscle. The causes ofPIN syndrome
include trauma, space occupying lesions like lipomas, synovitis
(eg.in rheumatoid arthritis), brachial neuritis and spontaneous
compression from muscle hypertrophy in bodybuilders. Compres-
sion of the posterior interosseous nerve can occur at one of the
following locations within the radial tunnel:

C Fibrous bands/osteophytes between the brachioradialis
muscle and joint capsule at the level of radial head

C Leash of Henry, an arcade of anastomosing branches of the
radial Recurrent artery, distal to the radial head

C Tendinous edge of the overlying ECRBmuscle
C Arcade of Frohse along the proximal and distal aspect of the

Supinatormuscle.

Above cause can be summarized in the mnemonic (FREAS).34
1.3.2. Clinical features
Radial tunnel symptoms (RTS) can mimic lateral epicondylitis

(burning sensation over the lateral aspect of the forearm).
Tenderness 2e3 cm distal to the radial head in line with the radial
nerve and not over the lateral epicondyle, can help differentiate RTS
from lateral epicondylitis. In RTS, the pain is in the region of Arcade
of Frohse, is continuous and aching in nature causing discomfort
during fine movements like writing. Sarhadi et al.35 suggested that
the diagnosis of radial tunnel syndrome included at least two of the
three objective signs: resisted supination causing pain, resisted
middle finger extension and pressure along the radial tunnel
reproducing patient symptoms. Diagnosis is confirmed by resolu-
tion of these signs after infiltration of local anesthetic solution in
the tender area.

PIN syndrome is associated with pain as well as weakness of
thumb and finger extensors. Thumb extension is tested by asking
the patient to do a ‘hitchhiker’ sign which involves flexion of all
fingers and hyperextension of thumb. Inability to extend the thumb
indicates a PIN palsy.
1.3.3. Investigations
EMG studies are diagnostic for PIN syndrome but are often

normal in RTS. Radiographs are useful to rule out fracture, healing
callus or bone tumour. Ultrasound can help to visualise injured
nerves with axonal swelling, hypoechogenicity of the nerve, loss of
continuity of the nerve bundle, neuroma formation and partial
laceration of the nerve. MRI is useful in detecting nerve changes
and diagnosing small tumors, masses, aneurysms or compressive
synovitis.
al to supinator muscle and in the radial tunnel.
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1.3.4. Treatment
Conservative treatment entails avoidance of prolonged elbow

flexion and pronation of wrist alongwith splints/activity modifi-
cation and NSAIDS.31,32 In Sarhadi et al.‘s series, 16 of 26 cases
resolved with conservative management and 9 underwent
decompression surgery; 78% of total patients reported complete
pain relief.35Success rates can be as high as 90% in 3e4 months
with nonoperative management. Steroid infiltration into the pro-
nator region and local anaesthetic administered in the radial tunnel
has shown good results in relieving symptoms.34 One single in-
jection of 2 ml of 1% lidocaine and 40 mg triamcinolone achieved a
pain relief in 72% patients after 6 weeks and in 64% patients for a
period of more than 2 years.35

Surgical decompression is indicated after failure of non-
operative treatment. The posterior interosseous nerve can be
accessed anteriorly or posteriorly using either the dorsal Henry
approach (between ECRB and extensor digitorum) or trans-
muscular (brachioradialis splitting) approach through the interval
between the ECRL and BR. Nerve proximal to the compression may
be swollen (pseudoneuroma).36 Care must be taken to ensure
decompression of both posterior interosseous nerve and superficial
branch of radial nerve.37 Decompression surgery has shown good
outcomes in cases of isolated RTS.32,38
1.4. Median nerve

Median nerve compression at the elbow can lead to pronator
syndrome oranterior interosseous nerve syndrome (Kiloh-Nevin's
syndrome).
1.4.1. Sites of compression
Pronator syndrome can occur at one of five locations:(a)

supracondylar process on distal medial humerus, (b)ligament of
Struthers which extends from the anteromedial aspect of distal
humerus to the medial epicondyle(c)thickened biceps aponeurosis
(lacertus fibrosus) in proximal elbow, (d) between the superficial
and deep heads of pronator teres and by a (e) thickened edge of
Flexor digitorum superficialis in proximal forearm(Fig. 4).
Fig. 4. The course of Median nerve in relation to pronator teres.
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Anterior interosseous nerve (AIN) can be compressed by the
deep head of pronator teres or the fibrous arch of Flexor digitorum
superficialis. It is important to distinguish this from Parsonage
Turner syndrome which is preceded by a viral prodrome and
sometimes intense shoulder pain.39
1.4.2. Clinical features
Pronator syndrome usually presents with pain& paresthesia in

the flexor aspect of the elbow and forearm. Thumb, index, middle
and ring finger can have reduced sensations which maybe mis-
interpreted as carpal tunnel syndrome. Provocative tests include
pain on resisted pronation with elbow extended, pain on resisted
elbow flexion and forearm supination and pain on resisted middle
finger proximal interphalangeal (PIP) joint flexion (Fig. 5).

Some patients can develop mild weakness and wasting of the
median nerve innervated muscles. The pronator teres is spared as it
is innervated by the median nerve before it pierces into the muscle.
Muscles involved are abductor polllicisbrevis (APB) and flexor
pollicis longus (FPL) with occasional involvement of flexor dig-
itorum profundus (FDP) and opponens pollicis (OP).40

AINsyndrome is manifested by weakness and inability to pinch
the thumb and index finger together (‘OK’ sign) due to weakness of
FDP slip to index and middle finger and FPL. The patients can lose
the ability to button their shirts or turn on their car keys. Involve-
ment of proprioceptive fibers can lead to deep forearm discomfort.
A positive Tinel sign over the elbow and proximal forearm can
sometimes be elicited on clinical examination.
Fig. 5. (a)Resisted pronation of forearm. (b) Resisted flexion with forearm supinated.
(c) Resisted middle finger flexion at proximal interphalangeal joint.
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1.4.3. Investigations
Nerve conduction studies are helpful to confirm the diagnosis. A

supracondylar process may be seen on a plain radiograph and
should be excluded. An EMG study to confirm the involvement of
the FPL or pronator quadratus should be performed in suspected
anterior interosseous nerve syndrome.

1.4.4. Treatment
Non operative treatment is usually successful in relieving

symptoms in a majority of cases. Rodner et al. recommended
decompression surgery if there are persistent symptoms for >6
months in patients with Pronator Syndrome or a minimum of 12
months with no signs of motor improvement in AIN syndrome.41

Decompression surgery can be performed with a “lazy-S”-sha-
ped skin incision from 3 cm distal to themedial epicondyle over the
flexor/pronator muscles. Bicipital aponeurosis is released, and the
median nerve exposed after splitting pronator teres. Distal to the
elbow, AIN is the only nerve that branches off the radial side of the
median nerve which makes it easier to identify it intra-
operatively.42

Hagert et al. described a modified open procedure with the
patient awake, without a tourniquet, in which a 2e3 cm transverse
incision is madein the region of cubital fossa along the flexion
crease. Landmarks for incision are from 1 cm medial of biceps
tendon to 2 cm lateral of the medial epicondyle. Fascia of the
pronator teres is released to expose the lacertus fibrosus. FPL and
FDP are tested intraoperatively in an awake patient to detect
improvement in the weakness which may or may not be evident at
this stage.43 Thorough decompression of all median nerve branches
should be performed. Meticulous haemostasis is done to prevent
post-operative haematoma.
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