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Nerve injuries about the shoulder in athletes are uncom-
mon causes of pain and dysfunction. Athletes involved in
overhead sports such as baseball, tennis, and volleyball
appear to be at increased risk or have an increased inci-
dence of atraumatic nerve injuries about the shoulder,
such as suprascapular nerve dysfunction and quadrilater-
al space syndrome. With the increase in the number of
reports and articles published on peripheral nerve injuries
about the shoulder, there appears to be an increasing inci-
dence of nerve injuries about the shoulder; however, it is
unclear if the incidence itself is rising or if there just may
be an increased awareness of these problems.

This article focuses on the following nerve injuries about
the shoulder in athletes: suprascapular nerve injury and
axillary nerve injury; part 2 will focus on long thoracic
nerve palsy, spinal accessory nerve injury, burners/stingers,
and thoracic outlet syndrome. Recognition of these fre-
quently missed uncommon injuries is important in direct-
ing the appropriate treatment and in guiding the athlete’s
expectations. Thus, the goal of these articles is to review, in
comprehensive form, what we know about the anatomy
and pathophysiology of the nerve problem, presenting clin-
ical history and examination, differential diagnosis, use
and findings of ancillary tests, and nonoperative and oper-
ative management. This is to help reacquaint and update

clinicians of these uncommon injuries and to help guide
them in the evaluation and management of these prob-
lems. The importance of such an update cannot be under-
stated because the literature is replete with delays in diag-
nosis and multiple failed surgeries before the correct diag-
nosis of a neurologic cause was made and appropriate
management provided.

SUPRASCAPULAR NERVE INJURY

Suprascapular nerve dysfunction was first described by
Thomas in the French literature in 1936,121 although in
the English literature, suprascapular nerve entrapment at
the suprascapular notch has been attributed to Kopell and
Thompson in 195969,123 and at the spinoglenoid notch to
Aiello et al in 1982.3 Although isolated nerve injuries of the
suprascapular nerve are uncommon, it is the most fre-
quently injured peripheral branch of the brachial plexus in
athletes.87 Although epidemiological studies are lacking, 1
series reported that up to 45% of clinically and neurophys-
iologically examined volleyball players had evidence of
infraspinatus muscle impairment,40,61 whereas 1 article
reported that 1% to 2% of all shoulder disorders causing
pain are due to suprascapular nerve entrapment.128 Supra-
scapular nerve palsies have been reported in throwing ath-
letes and those athletes exposed to repetitive trauma, such
as baseball players, tennis players, weight lifters, swim-
mers, and volleyball players.† Although this injury is most
often reported in those involved in overhead repetitive
sports, other activities, such as cardiac rehabilitation,
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dancing, or heavy labor, have also been identified as asso-
ciated activities.

Physicians who care for professional- and international-
level competitive athletes frequently identify significant
infraspinatus muscle atrophy in their patients.38,61

Although the true incidence is unknown, 1 study noted
that one third of high-level volleyball players had clinical
or electrophysiologic evidence of suprascapular nerve
injury.61 However, it is interesting that many athletes with
this muscle atrophy appear to have little dysfunction or
symptoms.42,61 In fact, quite frequently, these athletes per-
form successfully at a high level.42,61 In these cases, the
suprascapular nerve lesion is localized to the spinoglenoid
notch, and the lesion is usually incomplete.13,18 In this sce-
nario, the infraspinatus is the only muscle involved;
because of the incomplete nature of the lesion, there
remains some function of the muscle, which allows for
asymptomatic activity. This may occur as a result of teres
minor compensation for the infraspinatus dysfunction.

ANATOMY. The suprascapular nerve is predominantly
a motor nerve with no cutaneous sensory components. The
suprascapular nerve originates from the fifth and sixth
anterior cervical roots, although occasionally there is con-
tribution from the fourth root as well.102,131 The supras-
capular nerve takes form at Erb’s point from the upper
trunk of the brachial plexus. The nerve then travels later-
ally, across the posterior cervical triangle, deep to the pos-
terior belly of the omohyoid muscle and the anterior border
of the trapezius muscle, along the posterior border of the
clavicle to the upper border of the scapula. It then travers-
es posteriorly into the supraspinatus fossa through the
suprascapular notch. The notch may assume various
shapes, such as the letter U or V, and may be deep and
narrow or shallow and wide. Rengachary et al reported 6
types of notches, depending on their configuration and
enclosure.102

The nerve travels under the transverse scapular liga-
ment, whereas the suprascapular artery and vein travel
over the ligament (Figure 1). The blood vessels tend to
travel laterally in relation to the nerve. The transverse
scapular ligament may be partially or completely ossified,
and anomalous bands of the ligament have also been
described.7,38,62,102,124 After passing the transverse scapular
ligament, the suprascapular nerve sends off several
branches. These branches include 1 to 2 motor branches to
the supraspinatus muscle, while receiving several sensory
fibers from the glenohumeral joint, the acromioclavicular
joint, and the coracohumeral ligament.3,108,132 In 15% of
patients, the suprascapular nerve does receive cutaneous
sensory fibers from the upper lateral arm (deltoid patch)
as a variant of normal anatomy.5 The nerve travels
obliquely along the floor of the supraspinatus fossa under
the supraspinatus muscle toward the rim of the glenoid.
The nerve lies 3.0 cm from the supraglenoid tubercle to the
nerve at the suprascapular notch and 1.8 to 2.1 cm from
the posterior glenoid rim to the nerve at the spine of the
scapula.12,132 The nerve then travels around the lateral
margin of the base of the scapular spine, also known as the
spinoglenoid notch, to enter the infraspinatus fossa.

The nerve may be covered at the spinoglenoid notch by
the spinoglenoid ligament, also known as the inferior
transverse scapular ligament (Figure 2). The existence and
function of this ligament are somewhat debated. It was
found to have a variable presence in 14% to 80% of cadav-
ers.32,34,35,67,81,124 Studies have shown that this ligament can
be a thin fibrous band in 13% to 60% of cases and a thick,
well-defined ligament in 3% to 20% of cases. The origin of
the spinoglenoid ligament is the lateral aspect of the root
of the spine of the scapula, and the insertion is at the mar-
gin of the glenoid with fibers to the posterior glenohumeral
capsule.35 In the reported situations in which there is a
thickened aponeurosis (13%), there was no observable inser-
tion to the glenoid. After the nerve passes around the
spinoglenoid notch, it divides into 2 or more branches to
supply the infraspinatus muscle. The motor branches of the
suprascapular nerve to the infraspinatus come off 2 cm
medial to the posterior glenoid margin and cross the infra-
spinatus-splitting interval at an average 22.5 mm medial
to the glenoid border,112,132 which makes a muscle-splitting
approach to the posterior shoulder safe from a neural
standpoint.

Figure 1. Anatomy of the suprascapular nerve in relation to
the rotator cuff muscles and quadrilateral space, as seen
from the posterior aspect of the shoulder. Note the nerve
traveling under the transverse scapular ligament while the
artery travels above the ligament. The nerve gives off branch-
es to the supraspinatus. The nerve and artery then travel
under the spinoglenoid ligament at the spinoglenoid notch
and innervate the infraspinatus in 3 to 4 branches. The axil-
lary nerve and posterior circumflex humeral artery can be
seen exiting from the quadrilateral space—between the teres
major, teres minor, long head of the triceps, and the humeral
shaft. Lig, ligament; n, nerve; a, artery.
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PATHOPHYSIOLOGY. There are many possible causes
of suprascapular nerve palsy in athletes. These include
compression, traction, friction (which may occur with trac-
tion), repetitive microtrauma, and direct injury, as well as
a generalized brachial plexus disorder.

The suprascapular nerve is susceptible to compression
because of its relatively fixed position under the rotator
cuff and ligaments. This nerve may be compressed by gan-
glion cysts, lipomas, the transverse scapular ligament, or
the spinoglenoid ligament as it courses between the fascial
encasements of the anterior and middle scalene muscles,
between the supraspinatus and infraspinatus tendons,
within the fascia of the subclavius and omohyoid muscles,
or under the hypertrophic supraspinatus muscle and cora-
coid.‡ The fixed position of the suprascapular nerve, com-
bined with it laying under the rotator cuff muscles, makes
the nerve susceptible to compression even by relatively
small space-occupying lesions. The ganglion cysts may
develop in reaction to intra-articular abnormality through
areas of capsular weakening, capsular tears, or labral
tears, similar to that of meniscal cysts.125 The fluid pro-
duced in response to irritation by labral tears or other
abnormalities may be forced into the tissues by a 1-way
valve mechanism, resulting in fluid collection or a cyst.
Recently, enlarged spinoglenoid notch veins have been
identified as causes of suprascapular nerve compression.23

The more frequent sites of compression are the supras-
capular notch and the spinoglenoid notch. It has been

shown that the spinoglenoid ligament inserts into the pos-
terior glenohumeral capsule, and the ligament tightens
with cross-body adduction and internal rotation, such as
with the follow-through phase of throwing a ball or serv-
ing, compressing the nerve.35 Recently, it has been shown
that with extreme abduction and full external rotation, the
medial tendinous margin of the infraspinatus and
supraspinatus can impinge strongly against the lateral
edge of the scapular spine, compressing the infraspinatus
branch of the suprascapular nerve.111

Injury of the nerve at the suprascapular notch may occur
as a result of compression by the overlying transverse scapu-
lar ligament.132 Avery et al showed that foraminal height
can be reduced by a second ligament slightly anterior to
the suprascapular foramen, resulting in compression of the
nerve.8 The shape of the notch has been associated with
risk of nerve injury as well. A narrow or calcified trans-
verse scapular ligament has been shown to be associated
with an increased risk of suprascapular nerve injury.102-104

Another mechanism of injury is traction, or mechanical
stretching of the nerve, with or without friction of the
nerve, as it travels and sharply changes direction around
critical points. Kinking of the nerve may be compounded by
the addition of more compressive forces. This mechanism
exists because there are several areas of critical nerve fix-
ation and areas of potential fixation/sharp turns that may
be exacerbated by repetitive overhead activities. These
areas of nerve fixation include the origin from the upper
trunk at Erb’s point and the insertion into the infraspina-
tus muscle, whereas 2 common areas of potential fixation
and kinking occur at the suprascapular and spinoglenoid
notches as it is within a notch and held by an overlying lig-
ament.7,48,69,104,124 This stretching of the nerve may also be
exacerbated by scapular protraction, which moves the
scapula (and its base of the spine) laterally. It has been
hypothesized that this stretching of the nerve can be fur-
ther exacerbated by simultaneous contraction of the infra-
spinatus muscle, in which the contraction of the infra-
spinatus pulls the nerve medially while it is tethered lat-
erally by the base of the spine of the scapula.42 Another,
less common, area of potential fixation is under a hyper-
trophic supraspinatus muscle on the floor of the supra-
spinatus fossa.81,102,105,132 Because of the circuitous path-
way with acute angles and many areas of fixation, the
nerve is susceptible to friction or rubbing against the liga-
ment or notch edge, reported as a “sling effect.” 54,104 These
traction forces and ranges may be accentuated by the
extreme torques and angular velocity placed on the shoul-
der during overhead activities, especially during the cock-
ing, acceleration, and follow-through phases. It is the
extreme scapular motions, such as scapular depression,
retraction, or abduction, that may exacerbate the traction
forces. This may subject the nerve and artery to rapid
stretching.13,36,42,46,105 Cross-body adduction, forward flex-
ion, and external rotation have been reported to place the
nerve at risk for this mechanism of injury.13

Another hypothesized cause is injury to the blood vessels
supplying the nerve as a result of traction injury to the
microvasculature.36,105 It is proposed that intimal damage

Figure 2. Anatomy of the suprascapular nerve (muscles
removed) as seen from the posterior aspect of the shoulder.
Note the nerve traveling under the transverse scapular liga-
ment while the artery travels above the ligament. The nerve
and artery then travel under the spinoglenoid ligament at the
spinoglenoid notch. Lig, ligament; n, nerve; a, artery.

‡References 36, 47, 54, 60, 64, 86, 89, 105, 111, 122.
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occurs to the axillary or suprascapular artery due to direct
trauma or friction. This intimal damage can result in
microemboli of the vasa nervorum, which can result in
ischemic injury to the nerve.105 Furthermore, elongation of
the nerve leads to decreased blood flow in the vasa nervo-
rum, potentiating the problem. It is thought that microvas-
cular injury to the suprascapular nerve occurs most com-
monly at the suprascapular notch.

Chronic injuries to the nerve from any of the above
causes make the nerve more susceptible to further
traction-type injury because chronically injured nerves are
stiffer. Stiffer nerves lead to more stress with tension.
Stretching increases the injury to the nerve. Studies have
shown that altered conduction within a nerve is identified
when the nerve is stretched 6% beyond resting length.16,117

Stretching the nerve more than 15% leads to irreversible
nerve damage.16,117

Thus, in the overhead throwing athlete, the cause of
suprascapular nerve palsy is thought to be repetitive
microtrauma to the nerve through a variety of sources,
including entrapment, traction, and friction, either directly
or through microvascular injury.

The suprascapular nerve is also susceptible to direct
trauma.54,104,134 Causes of direct nerve injury include acute
traction to the nerve by dislocation of the glenohumeral
joint or fracture of the proximal humerus or scapula, and
penetrating injury.§ The suprascapular nerve may be
iatrogenically injured during procedures for distal clavicle
resection, arthroscopic transglenoid shoulder stabiliza-
tion, open rotator cuff repair, open posterior approaches
to the shoulder, and during positioning for spine sur-
gery.12,77,112,113,132

PRESENTATION AND CLINICAL EXAMINATION.
Symptoms are often less severe when the site of nerve
injury is localized to the spinoglenoid notch. These athletes
are more likely to have painless wasting.42,83,120 This is
because the nerve injury is more often incomplete, leaving
the supraspinatus muscle unaffected and sparing 30% to
40% of the infraspinatus muscle.42 Furthermore, it has
been shown that the infraspinatus muscle functions at
only 30% to 40% capacity with throwing.

Thus, the athlete with suprascapular nerve palsy may be
asymptomatic or have varying degrees of symptoms.
Symptoms are usually insidious at onset unless there is a
history of acute trauma. The patient may have poorly local-
ized pain over the lateral and posterior shoulder, which is
usually exacerbated by activity. The pain is often described
as a dull ache or burning; it may also be described as a
deep, diffuse pain. Over time, the pain may become con-
stant, awakening the patient at night. The athlete may
complain of weakness of external rotation and abduction
with overhead activity. There may be a history (infre-
quently) of direct impact on the shoulder or a history of
indirect force, such as a fall on an outstretched arm.115,136

The symptoms may be vague, and there may sometimes be
symptoms similar to glenohumeral instability; I have
treated a volleyball player with posterior shoulder sublux-

ation secondary to infraspinatus weakness related to a
suprascapular nerve injury at the spinoglenoid notch.

The physical examination findings of the athlete with
suprascapular nerve dysfunction depend on the timing in
relation to onset of the nerve injury. Early in the process,
the examination is nonfocal and nonspecific. For those ath-
letes who come in for treatment later in the process, there
is often tenderness at the location of the injury, often at the
suprascapular notch or the spinoglenoid notch. Frequently,
there is wasting or atrophy of the involved muscles. If the
nerve is injured or entrapped at the suprascapular notch,
there will be atrophy of the supraspinatus and infraspina-
tus muscles (Figure 3), whereas if the injury occurs at the
spinoglenoid notch, there is atrophy of only the infraspina-
tus muscle. The atrophy of the infraspinatus muscle is
more obvious than wasting of the supraspinatus muscle,
because the supraspinatus atrophy may be partly hidden
by the overlying trapezius muscle. The atrophy of the
infraspinatus muscle is accentuated or seen more easily
with the arms brought into forward elevation. Atrophy of
the infraspinatus muscle may also be more easily identi-
fied by evaluating the patient from above, while the
patient is seated (Figure 4). Atrophy of the muscles is due
to duration and severity of nerve injury. Although no true
epidemiological studies exist, one meta-analysis has sug-
gested that nearly 80% of patients with confirmed supras-
capular nerve entrapment have some atrophy of 1 or both
muscles.137

On further examination, there is weakness of involved
muscles. However, the athlete may not complain of weak-
ness during sporting activities because of compensation of
the posterior deltoid and teres minor muscles.42 Cross-body
adduction with the arm extended or internally rotated may
exacerbate the posterior shoulder pain. Certain scapular

Figure 3. A 55-year-old woman with chronic suprascapular
neuropathy 5 years after electromyographic documentation
of entrapment at the transverse scapular ligament, treated
nonoperatively. Note the marked atrophy of the right infra-
spinatus and supraspinatus muscles.

§References 15, 39, 115, 116, 134, 136, 139.
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motions may be painful, and the patient may restrict
shoulder motion, thereby simulating a stiff shoulder.

The differential diagnosis of suprascapular nerve palsy
includes cervical disk disease,22 brachial plexitis
(Parsonage-Turner syndrome),92 rotator cuff tendinitis or
tear,36,128 biceps tendinitis, adhesive capsulitis, degenera-
tive arthritis of the glenohumeral joint, degenerative
arthritis of the acromioclavicular joint,128 glenohumeral
instability, quadrilateral space syndrome, and thoracic out-
let syndrome.

DIAGNOSTIC TESTS. The diagnosis of suprascapular
nerve entrapment is based on a careful and thorough his-
tory and physical examination. There are a variety of ancil-
lary tests to help confirm the diagnosis of suprascapular
nerve injury and rule out other causes of shoulder pain
that may mimic suprascapular nerve dysfunction. One test
is a diagnostic nerve block. Relief of shoulder pain (usual-
ly dramatic and of short duration) after an injection of 1%
local anesthetic (without epinephrine) using a 25-gauge
needle into the suprascapular notch from a posterosuperi-
or approach is consistent with suprascapular nerve injury
at this site.48,100,108,116 A negative test, however, does not
rule out suprascapular nerve entrapment because the cli-
nician cannot be certain the injection was at the nerve.
Sensitivity and specificity studies are lacking with regard
to the value of diagnostic nerve blocks for this problem.

Nerve studies, including electromyography (EMG) and
nerve conduction velocities (NCV), may be helpful in con-
firming the diagnosis; however, suprascapular nerve dys-
function may exist with normal nerve studies.27,128,136,139

Positive findings include denervation potentials, fibrilla-
tions, spontaneous activity, and prolonged motor latencies.
Furthermore, there usually is delayed conduction velocity
from Erb’s point to the supraspinatus or infraspinatus.
Normal mean latencies of 3.3 ms have been recorded from
Erb’s point to the infraspinatus.68,70 Occasionally, there
may be false-positive results in a patient with chronic neu-

ropathy.98 Pitfalls of nerve studies include the possibility
that they will not define the exact nature of the abnormal
changes and they may not always localize the site of com-
pression. Furthermore, the delay in nerve conduction does
not always correlate to clinical or symptomatic dysfunc-
tion. It has been shown that there can be an increasing
delay in suprascapular nerve conduction in baseball play-
ers as the season progresses.105 However, the increasing
delay in conduction did not correlate to performance on the
field. One promising study has suggested that nerve con-
duction studies may help predict the natural history and
need for surgery (HR Smith, personal communication,
2003). Normal latencies and decreased amplitude (but
greater than 50% side-to-side difference) suggest axonal
injury, and in this series, 75% had good to excellent results
with nonoperative treatment. When the latency was
increased (>1.5 ms) and the amplitude was less than 50%
(of the contralateral side), this suggests entrapment of the
nerve, and the researcher noted nearly 75% good to excel-
lent results with surgery.

There are a variety of imaging techniques that may be
helpful in the evaluation of suprascapular nerve injury.
Plain radiographs are usually unremarkable, although
they may reveal a callus after a scapular or clavicle frac-
ture that may irritate, tether, or compress the nerve. An AP
radiograph in which the beam is directed caudally 15° to
30°48,102 may be useful to assess the shape of the notch and
to assess for a calcified transverse scapular ligament. The
notch may also be seen on a Stryker notch view. A CT scan
may also reveal osseous abnormalities affecting the nerve,
including the shape assessment of the notch, calcified liga-
ment, or fracture callus. As with other areas of the body,
CT scans are not as good as MRI in depicting soft tissue
lesions.59

An MRI can be very useful in the evaluation of a patient
with suprascapular nerve palsy. Because of its ability to
evaluate soft tissues, MRI is particularly useful in identi-
fying the course of the suprascapular nerve, in addition to
being able to determine the presence of soft tissue lesions
(usually cysts) compressing the nerve (Figure 5) and
assess the rotator cuff for muscular atrophy (Figure 6).||

The MRI is also useful in ruling out other causes of shoul-
der pain, such as rotator cuff tears.

If the MRI is unremarkable but there is shoulder pain
and dysfunction of the posterior rotator cuff and the clini-
cian suspects the diagnosis of suprascapular neuropathy,
electrodiagnostic testing may confirm the diagnosis and
may localize the most likely site of entrapment.

NATURAL HISTORY. The natural history of supras-
capular nerve injury is not known and likely varies based
on the cause. Most reports in the suprascapular nerve
palsy literature involve both the supraspinatus and infra-
spinatus muscles and report that the condition may
resolve with nonoperative management. Other authors
have described more distal involvement of the nerve, with
only the infraspinatus being affected. Some authors have
identified isolated paralysis of the infraspinatus muscle in

Figure 4. The same patient as in Figure 3 seen from above,
while the patient is seated. Note the obvious atrophy of the
right infraspinatus muscle.

||References 45, 49,51, 59, 64, 76, 119, 125, 138.
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asymptomatic athletes, concluding that the lesion repre-
sents a benign condition with minimal disability. Some
patients have lesions that are not asymptomatic but
respond to nonoperative management.13,42,83,120

TREATMENT. While the exact causes of suprascapular
nerve injury in athletes are not clear, for the presumed
cause related to repetitive microtrauma, the initial man-
agement of the majority of suprascapular nerve injuries is
nonoperative.13,29,36,66,78,134,140 This is particularly true if
there is no evidence of a space-occupying lesion (cyst).

It is difficult to quantify at what stage of the process a
patient may show signs of suprascapular nerve injury. This
makes it difficult to know how long nonoperative manage-
ment should be attempted. Most authors have found that
the resolution of symptoms often occurs within 6 to 12
months after the diagnosis.13,36,66,140 Thus, in the absence of
a lesion, such as a cyst, most cases resolve completely spon-
taneously, although it may take more than 1 year for max-
imal recovery.13

The nonoperative program consists of relative rest, anti-
inflammatory medications, maintaining full shoulder
motion, strengthening of the shoulder, using proper pos-
ture, and proprioceptive exercises. This program is based
on intuitive concepts, but no scientific evidence has proven
the efficacy of any or all of the components. Relative rest
specifically means to avoid lifting heavy objects or partici-
pating in activities that exacerbate symptoms, whereas
nonsteroidal anti-inflammatory medications may help
relieve nerve inflammation associated with irritation and
relieve pain. It is important to maintain full glenohumeral
range of motion so as not to develop a secondary stiff
shoulder. Special attention should be paid to stretching the
posterior capsule of the shoulder, especially in abduction,
because this is the insertion of the spinoglenoid ligament
and is hypothesized to play a role in the origins of this

Figure 5. An MRI of a patient with a juxta-articular ganglion
cyst. The patient is a 33-year-old laborer with a type IV supe-
rior labral anterior posterior lesion and dumbbell-shaped
ganglion cyst resulting in suprascapular nerve compression.
The cyst involves the supraspinatus fossa (A, coronal view)
and is posteriorly distal to the spinoglenoid notch (B, trans-
verse section).

Figure 6. An MRI of rotator cuff musculature of the chronic
suprascapular nerve injury in the same patient shown in
Figures 3 and 4. Note the fatty/fibrotic replacement of the
supraspinatus and infraspinatus muscles on this sagittal
view.

A

B
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injury in overhead throwing athletes. Stretching the pos-
terior capsule will theoretically reduce tension on the liga-
ment during overhead sports activities. The athlete should
perform controlled strengthening exercises of the shoulder
muscles, concentrating on the rotator cuff, the deltoid, and
the periscapular muscles, particularly the serratus anteri-
or, trapezius, and rhomboid muscles. The goal of strength-
ening is to enhance the compensatory muscles and to
regain muscular balance about the shoulder. Using proper
posture, including scapular retraction exercises, and par-
ticipating in proprioceptive exercises may be beneficial.
Most authors recommend at least 4 to 6 months of nonop-
erative management with follow-up electrodiagnostic test-
ing to determine whether recovery is progressing.36

Surgical intervention may be decided by whether there
is a cyst causing compression on the nerve. If there is a
ganglion cyst, the cyst is usually in response to intra-
articular irritation, often caused by a labral tear. The nat-
ural history of ganglion cysts about the shoulder is
unknown; however, it is thought that they persist and may
gradually enlarge over time,57 although reports of sponta-
neous resolution of the cyst have been reported.45 It has
been shown that ganglion cysts about the shoulder causing
suprascapular nerve compression are associated with
labral tears, which are seen arthroscopically or by MRI in
nearly 90% of cases.57,84,125 Options for the management of
nerve compression due to periarticular cysts include per-
cutaneous cyst decompression, open cyst excision with or
without shoulder arthroscopy, management of intra-artic-
ular lesions, arthroscopic cyst decompression/excision with
or without addressing intra-articular lesions, and any of
the above with or without open nerve decompression.
Percutaneous decompression of a ganglion cyst about the
shoulder with the aid of CT or ultrasound guidance11,56,125

can be performed relatively safely without the associated
surgical morbidity and risk of muscle detachment.
However, this technique has been associated with a failure
rate of up to 50% (likely because of the persistence of intra-
articular lesions) and inability to aspirate the cyst in
18%.57,125 Excellent results have been reported with open
decompression or excision of the cyst without exploration
of the glenohumeral joint, although the associated muscle
detachment to access the cyst may be necessary (see later
in this section).21,41,47,86,98,99 Arthroscopic cyst decompres-
sion can be performed without muscle detachment and is
relatively safe, although some surgeons express concern
because of their unfamiliarity with this technique and con-
cern about whether the cyst has been adequately decom-
pressed.57,63 My preferred technique is consistent with the
current literature of glenohumeral arthroscopy to debride
or repair the labrum.26,41,57,63,84 Often, correcting the intra-
articular lesion will remove the 1-way valve and allow the
cyst to decompress. Some surgeons perform intra-articular
labral repair with arthroscopic decompression of the cyst
with success.84

If there is no cyst causing compression, some controversy
exists regarding the timing of surgery. My experience is in
agreement with the indications for surgery in the litera-
ture, in which the patient has persistent discomfort and

loss of strength despite 6 months of nonoperative manage-
ment and/or no improvement of EMG findings. Some clini-
cians advocate surgical intervention immediately on diag-
nosis to prevent wasting/irreversible muscle atrophy and
because they feel the abnormality, if not the symptoms, has
usually been present for at least 6 months by the time of
diagnosis.98,111 Furthermore, some surgeons recommend
surgical decompression of the nerve if there is any muscle
wasting to enhance the possibility of muscle recovery.128

Some investigators recommend surgery after 1 year of
nonoperative management (providing no cyst is present).78

If the lesion is at the suprascapular notch, the trans-
verse scapular ligament may be approached anteriorly,
superiorly, or posteriorly.128 The anterior approach,
described in 1972, uses a saber incision over the medial
aspect of the coracoid to approach the suprascapular
notch.85,114 The anterior approach is not recommended
because of the complexity and risk of this dissection and its
associated poor visualization.99,128 The superior approach,
advocated by Vastamaki and Goransson, is a relatively
quick procedure with minimal morbidity.128 The trapezius
muscle is split in line with its fibers, and the transverse
scapular ligament is easily identified. However, this
approach is more difficult with a well-muscled patient or a
patient without atrophy of the supraspinatus muscle.128

The topographical landmarks for the superior approach
have recently been defined.135 The transverse scapular lig-
ament is located 1.3 cm posterior to the posterior border of
the clavicle and 2.9 cm medial to the acromioclavicular
joint, at a depth of almost 4 cm from the skin.135 With the
posterior approach, the trapezius is elevated from the
spine of the scapula and separated from the supraspina-
tus,99 or the trapezius is split in line with its fibers above
the scapular spine.22,27 Splitting the trapezius posteriorly
risks injury to the spinal accessory nerve, which is why I
prefer elevating the muscle from the scapular spine when
a posterior approach is indicated. The ligament and
ganglion may be identified easily with this approach
(Figure 7).

Regardless of the approach used, the principles are the
same. First, the transverse scapular ligament is sectioned,
taking care not to injure the vascular structures that lay
on top of the ligament. It is generally recommended to
divide the transverse scapular ligament at its medial
attachment to minimize the risk of injury to the more lat-
erally located suprascapular nerve and vessels and taking
care to protect the superficial artery. If the suprascapular
notch is narrow or sharp (“V” shaped), either developmen-
tally or from trauma, a notchplasty can be performed by
resecting the medial wall of the notch using Kerrison
rongeurs, a bur, and/or a curette.22,100,116,128 If a notchplasty
is performed, the surgeon should make sure the notch is
smooth by using bone wax over the cut edges of bone.
Recently, there have been presentations regarding decom-
pression of the suprascapular nerve by endoscopically
assisted division of the transverse scapular ligament.

If the problem exists at the spinoglenoid notch, the
approach is posterior. Often, the ligament can be exposed
by just retracting the deltoid and elevating the infraspina-
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tus, although some surgeons recommend detaching part of
the deltoid origin from the scapular spine. Once the infra-
spinatus is elevated, the ligament is identified and cut.
Although this method is somewhat controversial, I concur
with others who perform a notchplasty with a bur when
the cause is thought to be traction of the nerve or tether-
ing at the base of the spine of the scapula.55,111 A Kerrison
rongeur or curette may help with performing the notch-
plasty. After the notchplasty, the surgeon needs to ensure
the bone is smooth by using bone wax.

Some surgeons recommend releasing the transverse
scapular ligament in conjunction with posterior release,
even if the physical examination and EMG suggest the
lesion is only at the spinoglenoid notch.111 The reasoning is
to address potential double-crush situations; however, if
these 2 procedures are performed through the same poste-
rior approach, the trapezius must be detached from the
spine of the scapula. This increases the postoperative
immobilization period and potential morbidity. As with
compression at the transverse scapular ligament, there are
recent unpublished reports of endoscopic visualization and
sectioning of the spinoglenoid ligament.

Evaluation of the results of surgery is difficult because
most published series are retrospective, have small num-
bers of patients, have a short-term follow-up, and have no
control group treated nonoperatively. Furthermore, it is
difficult to assess how long after the onset of suprascapu-
lar nerve injury the patient is seen, and it is difficult to
quantify the amount of atrophy at presentation or after
surgery. Of note, many of the early studies of suprascapu-
lar nerve dysfunction were performed before the advent of
MRI, and surgical treatment rarely involved assessment or
management of intra-articular abnormalities. Further-
more, in many early studies, the diagnosis was clinically
based without confirmatory tests and even before the
knowledge of the possibility of entrapment at more than 1
location. Thus, results may be negatively biased because
the incorrect diagnosis or incorrect location of release may

have influenced results. Postoperatively, most patients
note immediate relief of the pain that they felt preopera-
tively. However, in most cases, surgical exploration with
release of compression or traction does not help with
regeneration of the nerve or resolution of the atrophy.

The function of the remaining muscles should be maxi-
mized with exercise so that a balance is restored to the
rotator cuff musculature. With appropriate rehabilitation,
the muscle function can be maximized to provide the bal-
ance needed for overhead sports.

Surgical and nonsurgical management have been advo-
cated in the management of suprascapular neuropathy.
When nonoperative treatment fails, surgery is reliable at
relieving the pain. However, recovery of muscle bulk is less
consistent. Studies have revealed that despite persistent
muscle atrophy, isokinetic testing reveals near-full return
of strength. It has also been repeatedly reported that
despite persistent atrophy, most athletes are able to return
to full athletic function.13,105 A summary of published
results appears in Table 1. In an attempt to make some
sense from the literature, Zehetgruber et al137 performed a
meta-analysis of the literature about suprascapular nerve
entrapment. The authors concluded that suprascapular
nerve entrapment is rare and mainly occurs in patients
younger than 40 years of age. Men are more likely than
women to suffer from a ganglion compressing the nerve. If
the patient’s history reveals a trauma, it is more likely that
the ligament is compromising the nerve. Zehetgruber et al
noted that ganglia usually cause isolated infraspinatus
atrophy, whereas a combined atrophy of the supraspinatus
and infraspinatus muscles is more common in cases in
which the nerve is compressed by the ligament. In 49% of
cases of surgical decompression, persistent atrophy was
found, although pain relief was noted.

AXILLARY NERVE INJURY

Traumatic Axillary Nerve Injury

Axillary nerve injuries are uncommon in sports and, in
general, represent less than 1% of all nerve injuries.97 The
axillary nerve may be injured with most surgical proce-
dures about the shoulder in athletes, such as arthroscopy,
shoulder stabilization, or rotator cuff repair. However, this
section will review the 2 main sources of injury in the ath-
lete that are not iatrogenic: direct contusion and quadri-
lateral space syndrome.

ANATOMY. The axillary nerve originates from the
spinal cord at the C5 and C6 levels with occasional contri-
bution from C4. It is derived from the posterior cord of the
brachial plexus, lateral to the radial nerve and posterior to
the axillary artery. It travels below the coracoid process,
obliquely along the anterior surface of the subscapularis,
then dives to the inferolateral border of the subscapularis,
about 3 to 5 mm medial to the musculotendinous junction
(Figure 8).74 The axillary nerve receives a sensory branch
from the anterior articular capsule at this point. The nerve
then travels posteriorly, adjacent to the inferomedial cap-
sule, and passes through the quadrilateral space with the
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Figure 7. An Intraoperative photograph of a juxta-articular
glenoid cyst: classic smooth, light gray to clear appearance
of the lobulated cyst in the supraspinous fossa resulting in
suprascapular nerve entrapment.

 at UNIV OF WISCONSIN on May 6, 2011ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/


811Vol. 32, No. 3, 2004 Nerve Injury About the Shoulder

TABLE 1
Results of Treatment of Suprascapular Nerve Entrapmenta

Author No. of Patients Follow-up Treatment Results

Nonoperative
Black and Lombardo13 4 BB with >1 y Nonoperative All RTP, 6 mo to 1 y to fully recover

isolated IS 
atrophy

Fritz et al45 8 Nonoperative 2 ganglia spontaneously ruptured
Martin et al78 15 3 y, 11 mo Nonoperative 5 excellent, 7 good. Recommended nonoperative

treatment in the absence of a well-defined lesion
producing mechanical compression of the SSN for
patients with a confirmed diagnosis of SSN. 3
patients had surgery

Ringel et al105 2 BB Nonoperative 1: postoperative persistent EMG changes, NCV
without change, resumed pitching free of pain; 2:
NCV improved, persistent weakness and atrophy,
returned to pitching

Operative
Callahan et al22 27 4 nonoperative, 21 (91%) were immediately pain free, 17 (74%) 

23 resection TSL, remained pain free, 3 required reoperation at 2 to 
open superior approach 4 y; overall, 20/23 (87%) had L-T relief of pain and

resolution of weakness; 76% of those treated con-
servatively required surgery, but not all patients
treated conservatively were followed

Fehrman et al41 6 with ganglia 9 mo A/S of I-A lesions All failed nonoperative treatment; all complete 
with open resection pain relief; L-T follow-up was not reported
of ganglia

Hama et al55 4 VB and tennis 8.3 y Resect TSL ± shave All RTP; atrophy reversed in 2 complete, 1 partial
S-G notch

Hawkins et al57 73 ganglia at 20.5 mo A/S of labral lesions and Best results in the 25 patients who were treated 
S-G notch cyst decompression with A/S of labral lesions and cyst decompression

Iannotti and Ramsey63 3 with ganglia 1 y A/S; cyst approached Resolution of symptoms; repeat MRI, no 
through superoposterior recurrence of cysts
capsulotomy

Moore et al84 22 with ganglia >1 y 6 nonoperative 2 improved, 4 no change
34 mo 16 surgery: 6 A/S SLAP 10 excellent, 5 good, 1 reoperation recurrence;

and open cyst, 5 SLAP of 11 with A/S, 10 had SLAP repair 
and A/S cyst, 6 open 
cyst excision

Post and Grinblat98 28 ganglia Open cyst decompres- 25 (89%) excellent or good
sion; no evaluation or 
treatment of I-A 
abnormality

Post and Mayer99 10 EMG+ 15 mo Open TSL resection, 8 (89%) good to excellent results, 1 with persistent 
posterior approach symptoms, 1 refused surgery

Rask100 2 Open TSL resection Temporary relief after TSL resection, later
required reoperation and notch enlargement;
second operation, cured

Sandow and Ilic111 5 elite VB S-G notchplasty, Return to play at average 3 mo; maximum playing
release TSL performance at 6 mo (range, 3-9 mo); recovery in

all; restore muscle bulk in 3 but not complete
Vastamaki and 54 (42 with 5.6 y Pain decreased 72%, 24 (44%) prompt disappear

Goransson128 atrophy: ance, 15 (28%) markedly 
16 atrophy SSp, diminished; atrophy persistent in several patients,
26 atrophy IS) SSp atrophy persist in only 1 (6%), IS atrophy 

persisted in 11 (42%); 10 poor results, unclear if 
due to the surgery, wrong diagnosis, or wrong site 
of surgery

aBB, baseball players; IS, infraspinatus; RTP, return to play; SSN, suprascapular nerve; EMG, electromyography; NCV, nerve conduction
velocity; TSL, transverse scapular ligament; L-T, long term; A/S, arthroscopic treatment; VB, volleyball players; S-G, spinoglenoid; SLAP,
superior labral anterior posterior; SSp, supraspinatus; I-A, intra-articular.
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posterior circumflex humeral artery. The quadrilateral
space is the area between the long head of the triceps
medially, the humeral shaft laterally, the teres minor mus-
cle superiorly, the teres major and latissimus dorsi muscles
inferiorly, and the subscapularis muscle anteriorly. The
nerve then exits the quadrilateral space and tracks around
the posterolateral humeral neck (surgical neck) and
branches into anterior and posterior branches (Figure 1).

The anterior portion of the nerve continues around the
surgical neck of the humerus, traveling deep to the deltoid
toward the anterior border of this muscle. Along its course,
it sends branches to the anterior and middle deltoid, an
average 6 cm from the lateral edge of the acromion,
although this distance may be as little as 3.1 cm.20 The pos-
terior division separates from the main anterior circumflex
branch immediately anterior to the origin of the long head
of the triceps muscle at the 6-o’clock position relative to the
glenoid.9 It then courses posteriorly, adjacent to the inferi-
or aspect of the glenoid rim, for an average distance of 1 cm
before dividing into the upper lateral brachial cutaneous
nerve and the nerve to the teres minor. The nerve to the
teres minor courses medially along the posterior aspect of
the inferior part of the glenoid rim before entering the
muscle at its inferior border. The upper lateral brachial
cutaneous nerve courses inferiorly, deep to the posterior
aspect of the deltoid, and becomes superficial by passing
around the medial border of the muscle, at an average of
nearly 9 cm inferior to the posterolateral corner of the

acromion, to supply skin sensation. The posterior deltoid
may receive its innervation from the posterior branch, or
more commonly from the anterior division of the axillary
nerve.9

Axillary Nerve Injury

The potential for axillary nerve injury is significant with
rotator cuff surgery because of the splitting of the deltoid
muscle laterally, or with anterior shoulder stabilization
surgery because of the close proximity of the nerve to the
inferior capsule. However, this discussion will focus on the
rarer sports-related axillary nerve injury.96 Most axillary
nerve injuries are part of a combined brachial plexus
injury. Isolated axillary nerve injuries are reported to be
only 0.3% to 6% of all brachial plexus injuries.96,118

PATHOPHYSIOLOGY. Injury to the axillary nerve most
commonly follows closed trauma involving a traction
injury to the shoulder, usually associated with dislocation or
fracture. This is due to stretching of the nerve over the
humeral head during the dislocation of the head. The inci-
dence of axillary nerve injury has been reported to be
between 19% and 55% of anterior shoulder disloca-
tions14,19,33,126,129 and up to 58% of proximal humeral frac-
tures.130 Many of these injuries may be subclinical because
the nerve injury may be masked by the pain of a shoulder
fracture or dislocation.14 The risk of nerve injury with
shoulder dislocations increases with advancing patient age
(older than 40 or 50 years of age) at the time of dislocation,
length of time the shoulder is left unreduced (more than 12
hours), and the amount of trauma required to cause the
dislocation.52,94,126

Blunt trauma to the anterolateral aspect of the shoulder,
such as a helmet to the shoulder, has also been noted to
cause axillary nerve injury.10,94,95 The mechanism of injury
is compression of the nerve as it travels on the deep sur-
face of the deltoid between the hard helmet or ground and
the bone.95,96 There may also be a traction component asso-
ciated with this injury because scarring of the axillary
nerve distal to the quadrilateral space and to the intra-
muscular portion of the nerve has been identified.95,96

PRESENTATION AND CLINICAL EXAMINATION.
Surprisingly, many athletes with axillary nerve injury may
be asymptomatic, with complete or incomplete lesions.91,95

Often, however, when affected athletes exercise, they may
fatigue quickly, especially with overhead activity and
heavy lifting. Affected persons may also notice reduced
abduction strength or an inability to raise their arm.
Furthermore, they may note numbness of the lateral arm.
The presence of trauma, dislocation, or fracture should also
be documented.

The physical examination of athletes with axillary nerve
injury should include evaluation for range of motion (pas-
sive and active) and strength in all planes. External rota-
tion strength is important to assess because 45% of exter-
nal rotation strength is from the teres minor, whereas
global strength, especially abduction and forward eleva-
tion, is predominantly provided by the deltoid, the prime
mover of the shoulder.109 When a patient is seen late, mus-
cular atrophy, particularly of the deltoid and teres minor,

Figure 8. Anatomy of the shoulder and axillary nerve from an
anterior view. Note that the nerve comes from the posterior
cord of the brachial plexus and travels on the subscapularis
tendon before it goes under the joint and posteriorly with the
posterior circumflex humeral artery.
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should be sought. If the posterior deltoid and teres minor
are spared, then the lesion is distal to the quadrilateral
space. A neurovascular examination should be performed
to assess sensation over the upper lateral arm and to rule
out other lesions such as thoracic outlet syndrome and
brachial plexus and cervical spine lesions. It is important
to note that complete deltoid muscle deficit may occur with
normal sensation of the upper lateral arm and shoulder.14

DIAGNOSTIC TESTS. Plain radiographs are useful to
rule out proximal humerus fractures and to confirm reduc-
tion of shoulder dislocations. The examination may also
include radiographs of the neck to rule out cervical spine
causes of deltoid atrophy/weakness. Nerve studies, such as
EMG and NCV studies, are helpful to confirm the diagno-
sis, determine the severity of the nerve injury to guide
prognosis and expected timeline for recovery, and establish
a baseline from which to follow recovery of the nerve.
These studies may also rule out other causes of axillary
nerve injury. The EMG and NCV will often be normal until
3 weeks after the injury and thus should be postponed
until that time. An MRI may be useful in chronic cases to
assess for fatty replacement of the muscle, helping guide
prognosis for recovery of function.127 The MRI has recently
been used to image peripheral nerves in injury, recovery,
and after surgery.1,43,53 The role of MR neurograms is still
being delineated for nerve injuries about the shoulder,
including the axillary nerve.

NATURAL HISTORY. The EMG and NCV studies
should be obtained a minimum of 3 weeks after injury to
document the injury, confirm the diagnosis, and serve as
baseline values to follow recovery. Full recovery of axillary
nerve injury due to dislocation or fracture occurs 85% to
100% of the time with nonoperative management within 6
to 12 months from the time of injury.14,52,70,93,126,133 Axillary
nerve injury resulting from a direct blow to the anterolat-
eral shoulder, however, has a less optimistic prognosis.
Perlmutter et al noted persistent paralysis of the deltoid in
11 athletes at 2.5 to 23 years after injury.95 However, the
authors noted that 10 of the 11 athletes were able to con-
tinue contact sports despite the deltoid paralysis.95 It has
been reported that infraclavicular axillary nerve injuries
have a better prognosis for spontaneous recovery than do
supraclavicular axillary nerve injuries.72

TREATMENT. The nonoperative program for an athlete
with an axillary nerve injury includes reassurance, rela-
tive rest, symptomatic management, and shoulder range of
motion exercises. Athletes should be reassured of the gen-
erally good prognosis for nerve recovery if their injury is
due to shoulder fracture or dislocation, whereas those with
injury due to a direct blow may be reassured that even if
the deltoid paralysis persists, return to sports is possible
and quite likely. Active, passive, and active-assisted range
of shoulder motion exercises should be encouraged to help
maintain motion as the nerve recovers. Based on studies
suggesting that atrophy may be retarded in other scenar-
ios of denervation atrophy, electrical stimulation may pro-
vide a benefit by reducing atrophy of the deltoid while the
nerve recovers.31,37

For those without penetrating trauma or iatrogenically
induced injury to the axillary nerve, the indication for sur-

gery is a symptomatic patient with no clinical or
EMG/NCV evidence of recovery by 3 to 6 months after
injury.6,28 The best results occur when the surgery is per-
formed within 6 months of the injury, with excellent return
of strength and function. Functional improvement, how-
ever, can be expected with surgical intervention up to 1
year after the injury.6,96,107 Surgery more than 1 year after
the injury for symptomatic patients has a poorer prognosis
for functional recovery.28 Surgical approaches include neu-
rolysis, neurorrhaphy, nerve grafting, nerve transfer, and
neurotization.6,28,80,96,107 After 1 year, tendon transfers may
be undertaken, although these are usually salvage proce-
dures not designed for return to sports activities.

Evaluation of the results of surgery for the purposes of
this article is not helpful. Most series do not report their
results of athletes separate from the general population.
Furthermore, most series report the results of surgery in
patients with axillary nerve injury due to many different
causes. And lastly, return to sports is usually not a criteri-
on used for evaluation at follow-up.

Quadrilateral Space Syndrome

Quadrilateral space syndrome was first described in 1983
by Cahill and Palmer, who were investigating the poor
results of surgical decompression for thoracic outlet syn-
drome.21 Quadrilateral space syndrome is compression of
the axillary nerve within the quadrilateral space. Since the
original report of 18 cases, there have been 13 articles in
Medline in the past 20 years reporting only 26 more cases.¶

Thus, not much is written about this rare injury. It may be
that this condition is extremely rare or that the diagnosis
is very difficult. This uncommon syndrome was initially
identified in overhead throwing athletes, particularly
baseball players, although it has also been seen in those
with trauma to the upper extremity or those who fall on an
outstretched hand.30,88,101 This syndrome tends to affect
young active adults between the ages of 20 and 40.

PATHOPHYSIOLOGY. Quadrilateral space syndrome
can be thought of in 2 main groups based on its 2 general
causes: traumatic and atraumatic. In quadrilateral space
syndrome due to atraumatic causes, there is compression
of the posterior circumflex humeral artery and axillary
nerve within the confines of the quadrilateral space. The
compression may be due to fibrous bands frequently seen
during surgery in patients with this problem, compression
and shear between the teres major and teres minor (Figure
9), friction or irritation of the axillary nerve as it passes
around the posterior glenoid, or compression by a hyper-
trophied portion of the subscapularis muscle that inserts
onto the humerus just inferior to the lesser tuberosity. As
the quadrilateral space is a confined area with compressi-
ble structures within it, any space-occupying lesion may
cause compression resulting in this syndrome. There has
been a recent report of this syndrome resulting from a par-
alabral cyst.110 Recently, I treated a patient who had this
syndrome as a result of a previously unreported cause:

¶References 4, 21, 24, 25, 30, 44, 65, 71, 73, 79, 90, 101, 106, 110.
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dilated veins within the quadrilateral space (Figure 10).
Repetitive microtrauma may accentuate these atraumatic
causes or alter the normal anatomy to produce this syn-
drome. Traumatic causes that have been identified include
direct trauma to the posterior shoulder, traction injury to
the upper extremity, and deep posterior shoulder intra-
muscular injection. The most frequent cause identified is
fibrous bands within the quadrilateral space.21 Unfortu-
nately, the origin of these bands is unknown.

PRESENTATION AND CLINICAL EXAMINATION.
The history and physical examination of athletes afflicted
with this syndrome is vague and nonspecific, and as a
result, it is not uncommon for those with this syndrome to
have had multiple previous surgical procedures without
relief. Athletes with this problem complain of a poorly
localized, dull aching or burning pain over the lateral and
posterior aspects of the shoulder. The pain is insidious at
onset and is often exacerbated by activity, especially
abduction, external rotation, and extension. The athlete
may note weakness with overhead activity. The patient
may note atrophy or asymmetry of the deltoid muscle mass
if the syndrome is advanced, and he/she may also note
paresthesias. It appears to occur most commonly in ath-
letes involved in repetitive-use overhead sports, such as
baseball, tennis, and volleyball.

The physical examination of patients with this problem
is also nonspecific. Some patients may have tenderness of
the posterior shoulder at the quadrilateral space. It has
been suggested that a good test is reproduction of symp-
toms and/or posterior shoulder pain with the FABER (for-
ward elevation, abduction, and external rotation) test of
the shoulder when the position is held for more than 1
minute, although I have not found this to be reliable in the

5 patients in my personal series. There may be wasting or
atrophy of the deltoid and/or teres minor muscles. Motor
testing may reveal weakness of the involved muscles—for
the deltoid, there is weakness of shoulder abduction, for-
ward elevation, and extension, whereas involvement of the
teres minor results in weakness in external rotation.

The differential diagnosis of quadrilateral space syn-
drome includes cervical disk disease, brachial plexitis

Figure 9 . Quadrilateral space entrapment, posterior view of shoulder. A, with the arm in adduction or at the side, there is no com-
pression of the axillary nerve and posterior circumflex humeral artery; B, a proposed mechanism of intermittent compression of
the nerve and artery as a result of shearing and closing down of the space by the teres major and teres minor.

A B

Figure 10. An MRI of a 46-year-old woman with quadrilater-
al space syndrome due to dilated veins (arrow) within the
quadrilateral space.
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(Parsonage-Turner syndrome), lesions of the posterior cord
of brachial plexus, rotator cuff tendinitis or tear, biceps
tendinitis, adhesive capsulitis, degenerative arthritis of
the glenohumeral joint, degenerative arthritis of the
acromioclavicular joint, glenohumeral instability, thoracic
outlet syndrome, and suprascapular nerve injury.

DIAGNOSTIC TESTS. Of the variety of ancillary tests
available, the test described to confirm the diagnosis of
quadrilateral space syndrome is an arteriogram.21 The
arteriogram is used to assess the posterior circumflex
humeral artery, which travels through the quadrilateral
space with the axillary nerve. With the arm in adduction,
the posterior circumflex humeral artery has normal flow
through the quadrilateral space and around the posterolat-
eral humeral neck (Figure 11A). With the arm in abduction
and external rotation, the angiogram reveals lack of dye or
flow of the posterior circumflex humeral artery distal to
the quadrilateral space (Figure 11B). This can also be per-
formed as an MR angiography; however, occlusion of the
posterior circumflex humeral artery in abduction has been
shown to be present in up to 80% of asymptomatic patients
with an MR angiography.82

Other tests, however, should be considered to rule out
other causes of shoulder pain that may mimic quadri-
lateral space syndrome, particularly because of the rarity
of this entity. A diagnostic nerve block may confirm the
diagnosis by providing relief of shoulder pain after injec-
tion of 1% local anesthetic (without epinephrine) into the
quadrilateral space; however, a negative test (no relief with

the injection) does not rule out quadrilateral space syn-
drome because of the difficulty of confirming the appropri-
ate position of the needle and anesthetic.

Nerve studies, including the EMG and NCV, generally
are not helpful because of the intermittent nature of the
nerve compression, especially early in the process.
However, prolonged and repeated compression of the axil-
lary nerve at the quadrilateral space may infrequently
result in positive EMG findings. With prolonged compres-
sion and muscular atrophy, the EMG may reveal chronic
atrophic changes.45

Radiographic evaluation includes plain radiographs,
which are usually unremarkable except in the case of an
excessive callus after scapular neck fracture. A CT scan
may show osseous abnormalities affecting the nerve, such
as a scapular neck or proximal humeral fracture callus.
However, an MRI may be useful because it is noninvasive
and its soft tissue resolution may help identify the course
of the axillary nerve as well as soft tissue lesions, such as
a cyst or venous dilation, compressing the nerve (Figure
10).110 Furthermore, in advanced cases, the MRI may
reveal atrophy of the deltoid and/or teres minor, although
this is not diagnostic of this syndrome (Figure 12),75 and
help rule out rotator cuff tears and atrophy of other shoul-
der muscles from other causes.

NATURAL HISTORY. The natural history of this prob-
lem is unknown, but it has been suggested that many of
these lesions may resolve with nonoperative management,
provided there is no evidence of a space-occupying lesion,

Figure 11. An angiogram of a patient with quadrilateral space syndrome, a 26-year-old male with history of a fall and atypical
shoulder pain. A, digital subtraction angiogram with the arm in adduction reveals the posterior circumflex humeral artery intact;
B, an angiogram of the same patient with the arm in abduction reveals that the posterior circumflex artery is blunted with no flow
through it (arrow). This is consistent with the diagnosis of quadrilateral space syndrome.

A

B
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such as a cyst, or a bony abnormality causing this syn-
drome. It has been reported that only 30% of patients expe-
rience symptoms that warrant surgical intervention.73

TREATMENT. Based on the literature, in the absence of
an identifiable lesion, the initial management is nonoper-
ative. The nonoperative program, which is based on empir-
ical management, includes reassurance, relative rest,
symptomatic management, stretching of the shoulder, and
assessment of athletic biomechanics. Most cases of quadri-
lateral space syndrome are thought to be self-limiting, and

symptoms resolve with nonoperative treatment. Patients
should be reassured of this fact. Relative rest, particularly
avoiding lifting heavy objects or participating in activities
that exacerbate symptoms, and taking nonsteroidal anti-
inflammatory medications to help manage symptoms are
cornerstones of treatment. Aggressive stretching of the
posterior shoulder, especially the teres minor muscle,
should be undertaken, as well as having the subject’s
throwing, serving, or hitting biomechanics evaluated and
corrected as necessary.

Indications for surgery include persistent symptoms
beyond 6 months despite nonoperative management and
confirmation of the diagnosis by a positive arteriogram.
Cahill and Palmer have recommended surgery only if the
2 above criteria were met in addition to point tenderness
at the quadrilateral space of the posterior shoulder.21 The
approach is a muscle-sparing technique (splitting the del-
toid in line with its fibers posteriorly),45 although some
advocate detaching part of the origin of the deltoid.21,79 The
axillary nerve and posterior circumflex artery are identi-
fied and isolated. If fibrous bands are identified, they are
divided or excised. Some surgeons recommend partial
release of the teres major to relieve pressure from the
nerve,73 although I have found that this is usually not nec-
essary. Once the nerve and artery have been released, pal-
pation of the arterial pulse with the arm in abduction and
external rotation will confirm adequate decompression.

There are no large series relating to the management of
this syndrome after the initial report of 18 patients by
Cahill and Palmer.21 Table 2 summarizes the literature,
and outcomes when reported, of the 44 cases presented.
Cahill and Palmer reported that 8 of their patients had
dramatic relief of symptoms, 8 had improvement of symp-
toms with some persistent night pain, and 2 were no bet-
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Figure 12. An MRI of a 59-year-old male with quadrilateral
space syndrome and atrophy of the teres minor muscle.

TABLE 2
Summary of Articles of Patients With

Quadrilateral Space Syndrome

Author No. of Patients No. Nonoperative No. Operative Results

Aita4 1 Paralysis: outcome and treatment not reported

Cahill21 18 18 8 excellent, 8 good, 2 no better

Chautems et al24 1 Outcome and treatment not reported

Chen et al25 4 4 All improved in pain and function but had persistent
deltoid atrophy

Cormier et al30 1 1 Outcome not reported

Francel et al44 5 5 All improved
3 limited due to associated shoulder injuries

Ishima et al65 1 1 Complete recovery

Kuang and Hou71 4 1, no recovery 3 2 full, 1 partial at 5-12 mo

Lester et al73 2 2 1 excellent, 1 good

Linker et al75 3 3 Mild clinical improvement

Okino et al90 1 Outcome and treatment not reported

Redler et al101 1 1 Return to pitching at early follow-up

Robinson et al106 1 1 Full recovery

Sanders and Tirman110 1 1 5y, progressive numbness/weakness
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ter with the surgery.21 However, most surgeons, myself
included, agree with Cahill and Palmer that patients with
arteriogram-proven quadrilateral space syndrome usually
have immediate relief of symptoms after release of fibrous
bands.21,24,44,73,79 I have treated 5 patients with quadrilat-
eral space syndrome, 3 operatively with excellent results
and resolution of pain and 2 nonoperatively with persist-
ent symptoms.

SUMMARY

Nerve injuries about the shoulder should be considered in
the differential diagnosis of shoulder pain, especially when
the other common causes of shoulder pain have been exclud-
ed. Clinical examination of the shoulder should include
direct inspection of the entire shoulder musculature
(including from the back) and strength testing of selected
muscle groups. Electrodiagnostic testing and MRI can be
confirmatory for selected causes of compression.
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