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Abstract Electrodiagnostic studies are used to anatomi-
cally localize nerve injuries. These tests help differentiate
between cervical radiculopathies, brachial plexopathies, and
peripheral nerve injuries. They also help to identify or rule
out other underlying neurological diseases and disorders. In
this case report, a 22-year-old male swimmer presented with
left finger extensor weakness following pull-up exercises.
Left wrist extension remained intact. Electrodiagnostic testing
revealed a severe but incomplete posterior interosseous
neuropathy. Magnetic resonance imaging confirmed inflam-
mation of the nerve in the forearm. Posterior interosseous
neuropathy is an uncommon but well-studied condition.
Typically, this condition presents with weakness in finger
and thumb extension with preserved wrist extension as the
extensor carpi radialis longus is innervated proximal to the
site of nerve compression in most cases. It is important
to understand the anatomic course and distribution of the
radial nerve in order to make an accurate diagnosis. Once
the anatomy is understood, electrodiagnostic testing may
be used to identify the location of nerve injury and exclude
other disorders.
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Introduction

Posterior interosseous neuropathy (PIN) injury can occur at
any point along the course of the nerve. The etiology of
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nerve impairment may include trauma [5], brachial neuritis
[15], mass lesions [30], repetitive overuse, and systemic
diseases including diabetes and rheumatoid arthritis [31].
Other less common disorders such as motor neuron disease,
multifocal motor neuropathy, hereditary brachial plexop-
athy, and monomelic amyoptrophy can also cause sudden
weakness [12].

Posterior interosseous neuropathy is an entrapment of
the deep branch of the radial nerve in the forearm. The
deep branch of the radial nerve is primarily a motor
nerve, and compression of this nerve may lead to
weakness in finger and thumb extension without sensory
abnormalities. PIN injury is uncommon and occurs less
frequently than median and ulnar neuropathies in the
upper extremity [7]. It accounts for less than 0.7% of all
upper limb peripheral nerve compression syndromes
[10].

Clinically PIN entrapment can be difficult to distin-
guish from lateral epicondylitis, radial nerve injury,
radial tunnel syndrome, cervical radiculopathy, and
brachial plexopathy based on physical exam alone and
therefore diagnosis may be difficult to make. In
considering the diagnosis it is important to understand
the anatomical course of the radial nerve. Electro-
diagnostic studies are useful in localizing the nerve
injury to the posterior interosseous nerve excluding
other disorders. Electrodiagnostic studies are also useful
to determine severity of injury and predict prognosis.

Case Report

A 22-year-old left-handed male presented with left finger
weakness. Three months prior to presentation, he had
completed his swimming season and had returned to the
gym to exercise. He was doing pull-ups when he noticed a
tightness and discomfort at the lateral side of his left elbow.
The next day he could not extend his arm secondary to pain
and tightness. The pain improved after several days; however,
he began to notice weakness with left finger extension. On
presentation, 3 months after onset, he reported mild pain at the
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left elbow and weakness with finger extension. He denied any
loss of sensation, numbness, or tingling. He denied any neck
pain or shoulder weakness. A review of systems was otherwise
normal. His past medical history was significant for left
shoulder laxity in 2005 for which he underwent arthroscopic
capsular plication and bursectomy in 2006.

On physical exam, inspection revealed mild asymmetry
with subtle muscle atrophy in the left posterior forearm. His
cervical spine demonstrated full painless cervical range of
motion with no exacerbation in the left upper extremity
symptoms. Spurling’s maneuver was negative bilaterally.
Examination of the left shoulder revealed full painless range
of motion without any signs of shoulder impingement.
There was mild tenderness on palpation a few centimeters
distal to the left lateral epicondyle. There was no laxity or
instability noted at the left elbow. Strength examination
revealed 2/5 strength with extension of the second, third,
fourth, and fifth digits at the metacarpophalangeal (MCP)
joints on the left and 3+/5 strength with left thumb extension.
The remainder of his strength exam including left wrist flexion
and extension, forearm pronation and supination, and finger
flexion was 5/5 in both upper extremities. Sensation was intact
to light touch and pinprick throughout the upper extremities.
Reflexes were present and symmetric in the upper extremities.
Hoffman’s sign was negative bilaterally.

Electromyographic and nerve conductions studies were
performed 6 months after the onset of symptoms. Motor
nerve conduction studies demonstrated slowed left radial
motor conduction velocity across the elbow, prolonged
distal latency, and reduced amplitude at the forearm and the
spiral groove when compared to the right radial nerve
(Table 1). Motor conduction studies of the median and ulnar
nerves were normal. Sensory nerve conduction studies,

Table 1 Motor nerve conduction studies
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including the left superficial radial sensory nerve, were
normal (Table 2). All F waves were within normal limits.

Electromyographic needle examination (Table 3)
revealed severely abnormal spontaneous activity in the
form of positive sharp waves and fibrillations, discrete
recruitment pattern, and decreased recruitment interval in
posterior interosseous innervated muscles tested [the left
extensor indicis proprius (EIP) and the extensor digitorum
communis (EDC)]. The left extensor carpi radialis brevis
(ECRB), which studies have shown can be innervated by
either the posterior interosseous nerve or the radial nerve
[9], also showed moderately abnormal spontaneous activity
and a decreased recruitment pattern. The radially innervated
brachioradialis was normal. These findings demonstrate
denervation of the left posterior interosseous innervated
muscles with sparing of radial innervated muscles and a
preserved superficial sensory radial nerve. We felt that these
findings were most consistent with a diagnosis of severe but
incomplete left posterior interosseous neuropathy.

Standard AP and lateral radiographs of the left elbow
were negative for an osseous or articular abnormality.
Magnetic resonance image (MRI) of the left elbow
(Fig. la, b) demonstrated signal hyperintensity in the
posterior interosseous nerve, consistent with neuritis. No
mass lesion was seen to compress the posterior interossoeous
nerve. There was normal signal intensity in the supinator
muscle, with no evidence of a denervation effect.

The patient completed 2 months of physical therapy. At
1 year post-initial injury, he reported full range of motion of
his left wrist and fingers and an 85% improvement in his
finger strength. He denied any limitations in daily activities.
He continues to perform home strengthening exercises for
his left upper extremity.

Site NR Onset  Normal O-P amp  Normal Site 1 Site 2 Delta-O  Dist Vel Normal
(ms) onset (ms) (mV) O-P amp (ms) (em)  (m/s) Vel (m/s)

Left median motor (Abd Poll Brev), 31°C

Wrist 3.0 <3.6 11.5 >4 Pron Ter Wrist 4.7 29.0 62 >50.0

Pron Ter 7.7 11.4

Left radial (surface) motor (Ext Ind Prop), 31.1°C

Forearm 3.6 2.2 Sp Groove Forearm 4.4 20.5 47

Sp Groove 8.0 2.1

Right radial (surface) motor (Ext Ind Prop), 31°C

Forearm 2.7 4.8 Sp Groove Forearm 2.8 18.0 64

Sp Groove 5.5 4.4 Sp Groove Sp Groove 0.0 0.0

Left ulnar segment motor (Abd Dig Minimi), 30.7°C

Wrist 3.1 <3.6 9.2 >3 Abv FCU Wirist 3.8 23.0 ol >50

Abv FCU 6.9 9.1 Abv Uln Grv  Abv FCU 2.0 120 60 >50

Abv Uln Grv 8.9 8.5

NR nerve, O-P onset to peak, Dist distance, Vel velocity, Abd Poll Brev abductor pollicis brevis, Ext Ind Prop extensor indicis proprius,
Abd Dig Minimi abductor digiti minimi, Pron Ter pronator teres, Sp Groove spiral groove, Abv FCU above flexor carpi ulnaris, Abv Uln

Grv above ulnar groove



186

Table 2 Sensory nerve conduction studies

HSSJ (2012) 8:184-189

Site NR Onset  Normal onset  O-P Amp  Normal O-P Site 1 Site 2 Delta-O Dist Vel Normal
(ms) (ms) (nv) amp (ms) (cm) (m/s) Vel (m/s)

Left median D2 sensory (2nd digit), 30.4°C

Wirist 2.7 <32 56.4 >10

Left superficial rad1a1 sensory (FWS), 30.7°C

Forearm 1.8 41.9 >10 Forearm FWS 1.8 11.0 61 >45

Right superficial radlal sensory (FWS), 31.7°C

Forearm 34.7 >10 Forearm FWS 1.5 10.0 67 >45

Left ulnar sensory (5th digit), 30.1°C

Wrist 2.5 <3.2 46.6 >10 Wrist Sth digit 2.5 0.0

NR nerve, O-P Amp onset to peak amplitude, Dist distance, Vel velocity,

Discussion

Posterior interosseous nerve entrapment syndrome is rare. It
accounts for less than 0.7% of all upper limb peripheral
nerve compression syndromes [10] and has an annual
incidence estimated to be 0.003% [7, 13]. In 25% of
patients, PINS occurs following trauma (such as forearm
fractures and crush injuries) and 15% may be iatrogenic
following the reduction of a radial fracture, or release of the
common extensor origin for treatment of lateral epicondy-
litis [18, 32]. The remaining cases develop spontaneously.
It is important to understand the radial nerve’s anatomic
course and distribution in order to properly diagnose a
radial nerve entrapment syndrome. The radial nerve is the
largest nerve in the upper extremity, and it has a long and
tortuous course. It arises as an extension from the posterior
cord of the brachial plexus. It contains fibers from C5-T1 as
they travel through the superior, middle, and inferior trunks
of the brachial plexus to the posterior cord. In the upper
arm, the radial nerve lies medial to the humerus and
innervates the three heads of the triceps (lateral, long, and
medial) and the anconeus. As it descends it gives off three

Table 3 Needle electromyography

Norm Vel normal velocity, FWS first web space

sensory branches: the posterior cutaneous nerve of the arm,
the lower lateral cutaneous nerve of the arm, and the
posterior cutaneous nerve of the forearm. The radial nerve
then passes through the lateral and medial heads of the
triceps and follows the spiral groove of the humerus. It
pierces the lateral intermuscular septum below the insertion
of the deltoid to enter the anterior compartment of the arm
approximately 5—12 cm proximal to the elbow [7].

In the anterior compartment of the arm, the radial nerve
lies lateral to the humerus and innervates the brachioradia-
lis, the extensor carpi radialis longus (ECRL), and the often
the ECRB (alternatively, the ECRB may be innervated by
the PIN). It then enters the radial tunnel, which is a potential
space formed by the capitellum of the humerus and
radiocapitellar joint posteriorly, the brachialis muscle
medially, and the brachioradialis and ECRB muscles
anteriorly and laterally [21, 23, 24]. The radial tunnel is
approximately 5 cm long [32], it encompasses the space
between where the radial nerve pierces the lateral inter-
muscular septum of the arm and where the PIN pierces the
proximal edge of the supinator [1]. Alternatively some
authors believe that the radial tunnel extends to the distal

Side Muscle Nerve Root Ins Act Fibs PSW Fascic Amp Dur Configuration Rec Pat Rec Int
Left Abd Poll Brev Median C8-T1 0 0 0 0 Nml Nml Di/triphasic Full Nml
Left 1st Dor Int Ulnar C8-T1 O 0 0 0 Nml Nml Di/triphasic Full Nml
Left Flex Car Rad Median C6-C7 0 0 0 0 Nml Nml Di/triphasic Full Nml
Left Triceps (Lat Hd) Radial C6-C7 0 0 0 0 Nml Nml Di/triphasic Full Nml
Left Biceps Musculocutaneous C5-C6 0 0 0 0 Nml Nml Di/triphasic Full Nml
Left Deltoid (Mid) Axillary C5-C6 0 0 0 0 Nml Nml Di/triphasic Full Nml
Left Flex Poll Long Median (Ant Int) C7-C8 0 0 0 0 Nml Nml Di/triphasic Full Nml
Left Ext Indicis Radial (Post Int) C7-C8 2+ 3+ 0 0 Nml Nml Di/triphasic Discrete  Dec
Left Ext Car Rad Radial C6-C7 2+ 2+ 0 0 Nml Nml Di/triphasic Dec Nml
Left Ext Dig Com Radial (Post Int) C7-C8 2+ 3+ 0 0 Nml Nml Di/triphasic Discrete  Dec
Left Brachio Rad Radial C5-C6 0 0 0 0 Nml Nml Di/triphasic Full Nml

Abd Poll Brev abductor pollicis brevis, /st Dor Int first dorsal interosseous, Flex Car Rad flexor carpi radialis, Flex Poll Lon flexor pollicis
longus, Ext Indicis extensor indicis proprius, Ext Car Rad extensor carpi radialis brevis, Ext Dig Com extensor digitorum communis, BracioRad
brachioradialis, /ns Act insertional activity, Fibs fibrillations, PSW positive sharp waves, Fasic fasciculations, Amp amplitude, Dur duration, Rec

Pat recruitment pattern, Rec Int recruitment interval
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Fig. 1. Axial fast spin echo (a) and inversion recovery (b) images of
the left elbow demonstrate increased signal intensity in the posterior
interosseous nerve (thick white arrow), without mass compression of
the nerve. The superficial branch of the radial nerve (thin white arrow)
has a normal signal and morphology. The supinator muscle has a
normal signal, without evidence of a denervation effect (black arrow)

border of the supinator [21]. In the proximal forearm, the
radial nerve divides into its two terminal branches: the
superficial radial and the posterior interosseous nerves. The
point of bifurcation is varied. Studies have shown that it
occurs within an area of 3 cm proximal or distal to the
elbow and therefore the split is not always in the radial
tunnel [14].

The superficial radial nerve is a purely sensory nerve
which runs under the brachioradialis in the forearm. It
innervates the skin of the proximal two thirds of the extensor
surface of the thumb, index, and middle fingers, and one half
of the ring finger as well as the dorsum of the hand.

The deep terminal branch of the radial nerve is the
posterior interosseous nerve. It innervates and then pierces
the supinator muscle through the arcade of Frohse, a fibrous
ring at the proximal edge of the supinator. At the distal end
of the supinator, it divides into two branches [21]. The
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medial branch (also known as the recurrent branch)
innervates the superficial layer of extensor muscles (the
extensor carpi ulnaris, EDC, extensor digiti minimi and at
times the ECRB). The lateral branch (also called the
descending branch), innervates the deep muscle layer (the
extensor pollicis longus and brevis, abductor pollicis longus
(APL) and the EIP) [28]. Innervation of the ECRB and
the supinator may arise from the radial nerve proper or
from the proximal part of the posterior interosseous
nerve prior to piercing the supinator muscle and often
proximal to compression of the nerve [2, 8]. Studies have
shown that the ECRB muscle may be innervated by the
radial nerve, the PIN, or the superficial radial nerve. In
a study of 30 cadavers, Kirici et al. showed that the
ERCB was innervated by the PIN in 47% of the cadavers
and the remaining 53% were innervated by the radial nerve
[11].

Prior to entering the supinator muscle, the PIN also
provides recurrent sensory branches to the annular ligament,
the anterior radial humeral joint, and the periosteum of the
lateral epicondyle [12, 16]. Distal to the tunnel, the PIN
carries sensory fibers to the ligaments and joints of the
wrist, the interosseous membrane of the forearm, and the
periosteum of the radius [24].

The radial nerve or more distally the PIN and its
branches can be compressed at any point along its course.
The most common site for compression of the radial nerve/
PIN in the forearm occurs at the radial tunnel [20]. In the
radial tunnel, there are five potential sites of compression of
the radial/posterior interosseous nerve [10]. The first site is
the fibrous bands at the proximal edge of the ECRB. The
second site is at the thickened fascial tissue superficial to the
radiocapitellar joint between the brachialis and brachior-
adialis. The third site is at the leash of Henry (arterial
branches that arise from the recurrent radial artery and cross
over the PIN). The fourth site is at the arcade of Frohse (the
proximal superior portion of the supinator), and the fifth site
is at the distal edge of the supinator [10].

PIN compression is most commonly associated with
tendinous hypertrophy of the arcade of Frohse [27].
Vascular compression by the leash of Henry has also been
reported although it is rare [6]. Compression of the posterior
interosseous nerve in the forearm can lead to two distinct
syndromes: radial tunnel syndrome (RTS) and PIN syn-
drome. Many believe that these two syndromes represent a
spectrum of disorders with varying degrees of compression
of the PIN [20].

Radial tunnel syndrome is somewhat of a controversial
diagnosis which has varied definitions. It is believed to be
caused by irritation of the distal radial nerve or PIN
(depending on where the nerve bifurcates) secondary to
compression by muscles in the forearm which make up the
radial tunnel. Some describe it as a compression of the
nerve at the lateral intermuscular septum of the arm,
proximal to the supinator muscle. Others describe it as a
compression of the nerve at either the radiocapitellar joint,
the fibrous bands at the radial head, or at the ECRB [3, 25].
In contrast, posterior interosseous neuropathy is a rare yet
well-described and accepted syndrome.
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Clinically RTS and PIN syndrome present differently.
Patients with PIN syndrome typically present with loss of
motor function. Rather than weakness, patients with RTS
present with lateral proximal forearm pain typically worse
with activity. Clinically the diagnosis of RTS may be
extremely difficult to distinguish from lateral epicondylitis.
In lateral epicondylitis, the focal point of tenderness is at the
insertion of the extensor carpi radialis brevis at the lateral
epicondyle. In RTS, pain is characteristically located 3—
4 cm distal to the lateral epicondyle in the area of the radial
tunnel [7]. Electrodiagnostic studies in RTS are often
unrevealing [4, 7], as can be seen in cases of mild neuropraxia.
In these cases nerve conduction velocities, distal latencies, and
needle EMG may be normal.

PIN syndrome occurs when there is compression of the
PIN outside of the radial tunnel. Entrapment of the nerve is
actually very rare [28]. Patients present with weakness of
finger and thumb extension at the MCP joint [24].
Extension at the interphalangeal joints is preserved as the
interossei and lumbrical muscles are intact. The wrist may
deviate radially as the ECU is involved while the ECRL
(and often the ECRB) are spared. Thumb abduction may
also be weak as the APL is involved [24]. Partial PIN
lesions are seen when isolated branches of the PIN are
compressed. No sensory loss is typically observed.

PIN syndrome was first described in an orchestral
conductor in 1905 by Guillain and Courtellemont [19]. It
was hypothesized that the trauma to the nerve was caused
by repetitive alternation of pronation and supination. It has
been shown that the posterior interosseous nerve is
displaced during supination and pronation. In supination
the PIN moves laterally away from the midline which
produces lengthening of the nerve [17]. If the supinator
muscle is tight, it can passively compress the PIN in
pronation [17]. A study by Werner et al. showed pressures
of 40-50 mmHg compressing the PIN during passive
stretch of the supinator. During active contraction of the
supinator, the pressure increased four times [29]. It has been
postulated that elbow flexion with forearm pronation may
compress the brachioradialis and generate high pressures
over the supinator muscle [9]. This is particularly interest-
ing as this case of PIN occurred in a patient utilizing this
position while doing pull-ups.

PIN lesions may also occur as a result of trauma, most
often the result of Monteggia fractures where the proximal
ulna is fractured and the radial head dislocates posteriorly
[5]. Traumatic PIN injuries have also been described in case
reports after intravenous cannulation of the forearm and
penetrating injuries to the forearm [22, 28]. Space-occupying
lesions in the forearm such as tumors, hematomas, fibromas,
and ganglion cysts may also lead to PIN injury. Lipomas are
the most common benign tumor associated with PIN injury
[30]. Rheumatoid synovitis of the elbow joint may also cause
posterior interosseous nerve palsy by compressing the nerve
against the arcade of Frohse [31]. Prolonged compression
with the use of a forearm orthosis has also been associated
with PIN syndrome [26].

The diagnosis of PIN syndrome may be difficult to make
on clinical examination alone. In this case electrodiagnostic
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testing assisted in making the diagnosis. Motor nerve
conduction studies demonstrated slowed left radial motor
conduction velocity across the elbow, prolonged distal
latency, and reduced amplitude when compared to the right.
The reduced amplitude of the left radial motor nerve may be
secondary to axonal loss. Amplitudes may also be reduced
with neuropraxic injuries (i.e., conduction block or when
there is temporal dispersion). The slowing of the radial
nerve conduction velocity may be secondary to demyelin-
ation. Motor nerve slowing can also occur with axonal
dropout. Electromyographic needle examination helped to
further localize the injury and rule out a lesion at the
brachial plexus. A posterior cord brachial plexopathy was
also ruled out based on normal findings in the deltoid and
triceps. Brachial neuritis must also be considered in the
differential diagnosis. In this case the patient did not have
several of the classic antecedent symptoms often associated
with brachial neuritis such as cold or flu-like symptoms,
history of prior immunization or surgery, or severe pain
followed by weakness. This patient did have pain preceding
his weakness, though his pain lasted only a few days.
Patients with brachial neuritis typically have pain that lasts
1-2 weeks. The pain distribution was atypical for brachial
neuritis which usually occurs in the shoulder/neck region.
In addition, electrodiagnostic testing in brachial neuritis
often reveals denervation in asymptomatic muscles. In this
case needle exam revealed evidence of denervation in
PIN innervated muscles including the left EIP and left
EDC. The abnormal findings found in the left ECRB
may represent a known variation in the innervation of the
ECRB muscle. This however may be an idiopathic
brachial neuritis. The value of MRI is to exclude mass
compression of the nerve. MRI may show increased
signal consistent with neuritis or the presence of
denervation in the affected muscle, which may manifest
as signal hyperintensity in the acute phase, and fatty
atrophy in the chronic phase.

In summary, PIN entrapment syndrome is rare. The case
described here involves PIN entrapment at the level of the
supinator in a 22-year-old male doing pull-ups. Although
PIN is often caused by trauma or mass lesions, it may also
occur spontaneously and is thought to be secondary to the
edema of adjacent structures caused by repetitive move-
ments [32]. While idiopathic brachial neuritis cannot be
excluded, we felt that this patient’s posterior interosseous
neuropathy was more likely related to physical activity and
that rest and modification of activities eventually led to
recovery. Conservative treatment consisting of activity
modification, splinting, physical therapy, anti-inflammatory
medication, and/or corticosteroid injections are recommen-
ded initially when no identifiable cause is seen on imaging
studies. If there is no improvement in 6 months, spontane-
ous recovery is less likely and surgery is recommended.
Typically all five potential sites of compression (the fibrous
bands at the proximal edge of the ECRB, the thickened
fascial tissue superficial to the radiocapitellar joint between
the brachialis and brachioradialis, the Leash of Henry, the
arcade of Frohse, and the distal edge of the supinator) are
released [7].
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Electrodiagnostic testing was used to anatomically
localize the level of the nerve injury. This case demonstrates
the importance of understanding the anatomical course of a
nerve. Once the anatomy is understood, electrodiagnostic
testing can be used to accurately identify the location of
the lesion.
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