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Abstract: The quadrilateral space is a confined area through which the axillary nerve and posterior
circumflex humeral artery (PCHA) travel in the shoulder. Both structures are susceptible to impingement
and compression as they travel though this space resulting in a constellation of symptoms known as
quadrilateral space syndrome (QSS). Patients may experience paresthesias, loss of motor function, pain and
vascular complications. Individuals who perform repetitive overhead arm movements such as elite athletes
are at greater risk of developing QSS. The diagnosis can be difficult, but in the setting of clinical suspicion,
physical exam and imaging studies can provide specific findings. On MRI, patients may have atrophy of the
deltoid or teres minor muscles and angiography may show aneurysm or vascular occlusion of the PCHA.
Treatment is initially conservative, with physiotherapy. Surgical decompression is effective in patients
with severe or progressive symptoms. Causes of external compression such as fibrous bands, scarring, or
other space occupying lesion may be addressed at that time. Neurolysis and aneurysm resection may also
be performed. In some cases, emboli from the PCHA can cause ischemia in the involved upper extremity
resulting in an acute presentation. Catheter directed therapy such as thrombolysis or thrombectomy may
performed emergently in these cases. Though rare, in patients presenting with arm weakness, paresthesia,

pain and/or arterial thrombosis in the arm, QSS is an important entity to consider.
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Introduction fared poorly after thoracic outlet surgery. Many of these
. . . patients had obstruction of the posterior circumflex artery
Compressive disorders can arise when structures such i . )
. . leading to the recognition of QSS as a separate entity.
as arteries, veins, and/or nerves pass through a confined ] ) ) ]

. . . Patients are typically young adults, with the dominant
anatomical space. Such is the case for the axillary nerve

and posterior circumflex artery as they pass through the extremity involved. Symptoms include the slow onset of

“quadrilateral space”. The anatomical boundaries of this
space, sometimes called the quadrangular space, are defined
by the teres minor superiorly, the teres major inferiorly, the
long head of the triceps brachii medially, and humeral neck
laterally (Figure I).

When the axillary nerve and/or the posterior circumflex
humeral artery (PCHA) are compressed as they pass
through the quadrilateral space, the constellation of
symptoms that may arise is known as quadrilateral space
syndrome (QSS). This term was introduced by Cahill and
Palmer (1) in 1983 with reference to a series of patients who
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pain and paresthesia with flexion, abduction and external
rotation increasing the symptoms. Aggravating factors may
include growth of a mass, injury to the adjacent structures,
or simply muscular hypertrophy, as may be seen in elite
athletes. Non-focal shoulder pain, paresthesias, and
tenderness to palpation in the region of the quadrilateral
space are classic findings (2,3). Frequently, these symptoms
interfere with the patient’s activities of daily living resulting
in a notable effect on quality of life.

In the general population, QSS is a rare entity. In one
study, Cothran and Helms reported only 19 out 2,436
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Figure 1 MRI image (left) and pictorial representation of the area enclosed by dotted square (right) showing the structures creating the

quadrilateral space, (a) teres minor, (b) long head of the triceps, (c) teres major, (d) surgical neck of the humerus; (blue circle) PCHA, (purple

circle) axillary nerve. PCHA, posterior circumflex humeral artery.

receiving shoulder MRI had findings of QSS such as focal
atrophy of the teres minor (4). Because of the rarity, many
clinicians do not include QSS in their initial consideration
of shoulder pathology. Indeed, of the 19 patients found to
have QSS in the study, 13 were presumed to have rotator
cuff tears.

The prevalence of QSS is likely much higher in elite
athletes, particularly those with repetitive overhead arm
movement. PHCA aneurysms were found by ultrasound
(US) to be present in 4.6% (13/280) of elite volleyball
players (5). Intravascular thrombus was identified in three
cases. Ten of the aneurysms (77%) were found within 1 cm
of the origin of the PCHA from the axillary artery. Baseball
players, quarterbacks, military personnel, and racquetball
players have also been reported to have similar findings (6).

It is therefore felt that PCHA aneurysm formation is
secondary to repetitive trauma from abduction and external
rotation of the arm (6,7). Some patients may develop further
thrombosis of the PCHA. In these instances, patients may
present acutely with distal embolization causing peripheral
ischemia. Associated symptoms include pain, absent
pulses and pallor requiring urgent thrombolysis and/or
thrombectomy.

Diagnosis

Diagnosis of QSS can be difficult clinically as patients
often present with vague, non-focal symptoms. QSS is
typically characterized by a slow-onset or intermittent
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non-localized shoulder pain. Prior history of trauma or
visible hypertrophy in the shoulder may raise suspicion.
Worsening symptoms with abduction and external rotation
may be present (1). Deltoid and teres minor weakness may
be masked by recruitment of adjacent muscle groups to
compensate for the lost function. On physical exam, there
is frequently discrete point tenderness posteriorly in the
quadrilateral space. Palpation of the radial pulse may find
decreased flow during prolonged abduction though this
finding overlaps with arterial thoracic outlet syndrome
@TOS), a separate compressive syndrome. There may be
paresthesia of the posterior or lateral aspect of the arm and
shoulder with preserved sensation to light touch. Throwing
athletes may describe pain and fatigue with the arm in
overhead position.

Shoulder pain and weakness are common presenting
symptoms and common entities like rotator cuff pathology
and degenerative changes may be present in patients who
have QSS. It is important for providers to be aware that
various common pathologies such as presence of rotator
cuff tendinopathy do not mean QSS is excluded. The
clinical exam should be directed towards identifying the
specific muscle or muscles involved. A finding of atrophy
of deltoid or teres minor should raise suspicion of QSS
even in patients with known tendinopathy or shoulder or
acromioclavicular joint pathologies.

In addition to the common shoulder pathologies
mentioned above, the differential diagnosis of QSS includes
cervical radiculopathy causing referred pain, brachial
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Figure 2 MRI images of the right (A) and left (B) shoulders from the same patient with right QSS. In panel (A), the arrow points to fatty

atrophy of the teres minor. In panel (B), the normal teres minor is seen (arrow). QSS, quadrilateral space syndrome.

neuritis, suprascapular nerve injury and TOS.

Nerve conduction studies may show axillary neuropathy
and electromyography can show active denervation potential
from the deltoid and teres minor. Electromyograms may
also rule out other neurologic entities such as pain from the
cervical spine or brachial plexus.

US, if used, may show altered architecture of involved
muscle (8,9). Lesions of the axillary nerve or other space
occupying lesions could be identified. The PCHA may
be identified with doppler US to demonstrate occlusion
or aneurysm formation. One study of US assessment of
the PCHA in 280 elite volleyball players (5) found that
the PCHA could be identified in 100% of cases. PCHA
aneurysms were found in 4.6% (13/280) of patients
originating from the axillary artery. The aneurysms were
characterized as fusiform with 10 occurring within 1 cm
of the origin of the axillary artery. Intravascular thrombus
could be identified in three cases. Aneurysm size could
be measured (5.9+1.7 mm in males and 5.2+0.2 mm in
females). US remains highly operator dependent and
cannot identify fibrous bands which commonly cause QSS.
However, this study suggests its potential use as a screening
tool in elite athletes.

Plain films could demonstrate osseous etiologies such as
osteochondromas or post-traumatic remodeling impinging
on the quadrilateral space. These are limited in providing
soft tissue diagnosis however may be helpful in identifying
other causes of shoulder pain such degenerative conditions.

Computed tomography (CT) can be used to identify
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lesions that may impinge on the quadrilateral space and
is particularly useful in identifying osseous abnormalities
from etiologies such as trauma or degenerative change.
CT angiography (CTA) is a non-invasive vascular imaging
modality in which images are obtained in arterial and
venous phases after intravenous iodinated contrast injection.
This can be used to identify PCHA abnormalities including
aneurysms and thrombosis as well as distal thrombi within
the arm (3).

MRI has traditionally been used to demonstrate fatty
atrophy of the teres minor or deltoid muscles (4,10).
Typical findings on T'1 weighted sequences include atrophy
and fatty infiltration (Figure 2) but space occupying
lesions such as neuromas, tumors, hypertrophied adjacent
muscles or vascular aneurysms may be seen. T2-weighted
sequences, typically fast spin-echo with fat suppression
are used to detect abnormalities such as paralabral cysts.
Diffuse increased T2 signal in the teres minor may suggest
neurogenic edema consistent with QSS. MR angiography
(MRA) can be used similarly to CTA to identify vascular
abnormalities in the PCHA and distally in the arm. MRI
has also been described as a possible modality to evaluate
for axillary nerve compression, particularly at high fields
such as 3 Tesla (11). Contributing shoulder pathologies
such as rotator cuff or labral pathology can be identified by
MRI or MR arthrography. In the case of MR arthrography,
contrast is injected directly in the shoulder joint with
fluoroscopic guidance followed by MR imaging, making it
more sensitive for tears and paralabral pathology. Cahill and
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Figure 3 Angiography in a patient with QSS. (A) DSA in neutral position showing patent PCHA (arrow); (B) non-subtracted image from the

same injection as panel a, to highlight bony landmarks; (C) DSA obtained in slightly elevated position shows narrowing of the PCHA (arrow);

(D) DSA obtained in overhead position showing complete occlusion of the PCHA (black arrow) with retrograde filling of a portion of the

PCHA (white arrow). QSS, quadrilateral space syndrome; DSA, digital subtraction angiography; PCHA, posterior circumflex humeral artery.

Palmer suggested the use of angiography as a diagnostic
tool (1). Fluoroscopic and digital subtraction angiographic
images are obtained after intra-arterial contrast injection
into the subclavian or axillary artery. Images are obtained in
both the neutral and abducted/externally rotated positions.
The PCHA may be attenuated or entirely occluded with
findings more pronounced in the abducted position
(Figure 3). For non-acute patients suspected of QSS,
diagnostic angiography could also identify chronic arterial
changes such as aneurysm formation, dissection or partially
occlusive thrombus allowing for intervention prior to the
appearance of emboli or acute occlusion. In the acute stages,
peripheral ischemia from emboli originating in the PCHA
may be present with angiography showing complete arterial
occlusion or aneurysm formation in the PCHA. In these
patients, angiography is not only diagnostic, but allows for
immediate intervention such as with thrombolysis.

Treatment

Initial treatment is generally conservative with targeted
symptomatic care and lifestyle changes. Activity is modified
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to avoid abduction and external rotation of the affected
limb. Physiotherapy is typically the first line intervention
for QSS including strengthening of the rotator cuff muscles,
glenohumeral joint mobilization, and scapular stabilization
exercises (3). Soft tissue massage to the quadrilateral space
may also be implemented including targeted friction and
active release massage. These conservative approaches
should be used for a minimum of 6 months before more
invasive interventions are considered. Nonsteroidal anti-
inflammatory drugs (NSAIDs) may be prescribed.

Lidocaine block, with or without fluoroscopic guidance
can be done to assess whether the quadrilateral space is the
source of pain. Steroid injection may similarly be performed
for longer term therapeutic benefit (12,13).

In patients who presently with acute symptoms such
as discoloration, pale or cool hand or digits, absent or
diminished Doppler signals at the wrist, anticoagulation
should be initiated and endovascular intervention may
be performed. An arch angiogram with upper extremity
runoff followed by catheter directed thrombolysis may be
performed. After a period of up to 48 hours, thrombolysis
may then be followed with therapeutic anticoagulation for
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several months (6).

If there is no response, or worsened symptoms,
decompression surgery can be performed (6,14). The
quadrilateral space is exposed by making a longitudinal
incision over the posterior shoulder and the deltoid is
moved superolaterally to access the quadrilateral space
between the teres minor and major. Excision of fibrous
bands, scarring, or other space occupying lesion is
performed. Neurolysis and aneurysm resection may also
be necessary. In cases of thrombus originating from trauma
to the PCHA, this artery may be ligated or occluded with
endovascular techniques. Anticoagulation may be continued
for a period of 3 to 6 months after surgery.

Arthroscopic debridement may be performed instead of,
or after decompression to address intra-articular pathology
such as labral tears or paralabral cysts that could be causing
compression of the quadrilateral space (3).

Post-operatively, early physical therapy is implemented
to prevent new adhesion formation. Hyperextension,
abduction and external rotation should be initially avoided
for at least 4 weeks, however pendulum exercises can be
safely started in the immediate post-operative period.
Athletes may continue to sport-specific exercise no earlier
than 6 weeks from surgery.

Conclusions

QSS remains a rare entity that can be difficult to diagnose.
Acute events such as PCHA thrombosis with or without
aneurysm formation can result in distal embolization and
ischemia that point directly to QSS. Space occupying
lesions in the quadrilateral space may be identified, but are
difficult to identify without specific diagnostic direction
from clinical suspicion. Elite athletes may present with QSS
however shoulder injuries and TOS are typically the first
diagnostic considerations. As a result, QSS is frequently a
diagnosis of exclusion. Point tenderness in the quadrilateral
space or diagnostic imaging showing deltoid and/or teres
minor atrophy are specific findings pointing to QSS.
Treatment is generally conservative at first however surgical
decompression has been shown to be efficacious in the
patients who do not respond or progress on non-surgical
therapies.
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