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Posterior Shoulder Pain: A Dynamic Study of the Spinoglenoid
Ligament and Treatment With Arthroscopic Release of the
Scapular Tunnel

Kevin D. Plancher, M.D., M.S., Timothy A. Luke, M.D.,
Robert K. Peterson, M.D., and Stephen V. Yacoubian, M.D.

Purpose: The purpose of this study was to determine the pressure exerted on the suprascapular nerve
by compression of the spinoglenoid ligament during glenohumeral range of motion. In addition, a
2-portal technique was described to arthroscopically visualize and safely release the spinoglenoid
ligament while visualizing the suprascapular nerve, artery, and vein. Methods: Ten cadaveric
shoulders were used for visual observation of variation in the position and tension of the spinoglenoid
ligament. In 15 additional shoulders, a transducer was used to sense the pressure changes and was
recorded in voltage. Pressure changes created by the spinoglenoid ligament on the distal suprascap-
ular nerve in the scapular tunnel during glenohumeral motion were recorded. Results: Internal
rotation, rather than external rotation, in any position of the shoulder created a visual increase of
tension in the spinoglenoid ligament. Increased pressure readings were noted with internal rotation
and with 90° of abduction, full abduction, and full adduction of the shoulder. The suprascapular nerve
occupying the space created by the spinoglenoid ligament experiences an increased pressure during
glenohumeral range of motion and positions that mimic overhead throwing. The dynamic nature of
the ligament with its insertion on the posterior capsule required a new minimally invasive technique
for its release that can be safe and straightforward. Conclusions: The spinoglenoid ligament was
affected by the position of the glenohumeral joint. These changes in pressure in combination with
repetitive shoulder movement are likely components that cause repeated trauma or compression on
the distal suprascapular nerve created by a scapular tunnel syndrome. The surgical technique provides
a treatment option when conservative treatment fails in the patient with posterior shoulder pain.
Clinical Relevance: The spinoglenoid ligament was affected by the position of the shoulder, with the
most pressure noted with the arm in full adduction and internal rotation. This pressure can be treated
with arthroscopic release. Key Words: Spinoglenoid ligament—Suprascapular nerve compression—
Glenohumeral range of motion—Arthroscopic surgical release.

I !:ntrapment of the suprascapular nerve by the spi- tinued to increase.!** Recent studies have shown that
noglenoid ligament is not known as a common the spinoglenoid ligament is an identifiable structure
clinical finding, but reports in the literature have con- in every cadaver investigated.> This ligament origi-
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nates on the spine of the scapula and inserts on the
superior margin of the glenoid neck as a bilaminar
structure. The reported incidence of infraspinatus at-
rophy, with or without posterior shoulder pain, espe-
cially among athletes, suggests entrapment!-2¢-15 or a
“sling effect” neuropathy.'6-20 The “sling effect” is
reported to be a traction injury to the suprascapular
nerve at the transverse scapular ligament during spi-
natus contractions. The “sling effect” explains atrophy
of both the supraspinatus and infraspinatus muscle
atrophy but does not explain isolated infraspinatus
atrophy.

Isolated infraspinatus atrophy has been associated
with many upper-extremity activities. In a recent
study of baseball players, starting pitchers had an
increased rate of infraspinatus muscle atrophy and
posterior shoulder pain after throwing.?! Glousman
et al.?? and Jobe et al.!’-?3 have reported extensively
on the glenohumeral joint and the relationship of the
rotator cuff musculature during the throwing position.
Posterior shoulder pain that does not have any identi-
fiable rotator cuff pathology, posterior SLAP, or in-
ternal impingement and does not respond to conser-
vative treatment can be a dilemma for the patient and
treating physician because open surgery has not al-
lowed athletes return to their sport.

The purpose of this study was to determine if in-
creased pressure was exerted on the suprascapular
nerve by compression of the spinoglenoid ligament
during glenohumeral range of motion (ROM). In ad-
dition, a 2-portal arthroscopic technique was de-
scribed to safely visualize and release the spinogle-
noid ligament while visualizing the suprascapular
nerve, artery, and vein.

METHODS
Dynamic Study

Twenty-five shoulders in 13 fresh frozen cadavers
were dissected. All cadavers were kept frozen until the
study was performed. This was an institutional review
board—exempt study. There were 9 male and 4 female
cadavers with an average age of 60 years and a range
of 28 to 96 years. No statistically significant differ-
ence in age was found between male and female
specimens (P < .05). For the dynamic study, 10
shoulders were used for visual observation, and 15
shoulders were used to document pressure changes.
Cadavers were excluded from the study if they had
full-thickness rotator cuff tears or posterior SLAP
lesions.

Specimen Preparation

The fresh frozen shoulder specimens were thawed
overnight to room temperature before dissections. The
scapula of each specimen was mounted on a specially
designed stand that allows dissection and unrestricted
glenohumeral ROM. The trapezius and deltoid mus-
cles were reflected from the scapular spine and acro-
mion process to expose the supraspinatus and infraspi-
natus muscles. The supraspinatus and infraspinatus
muscles were carefully elevated from their respective
fossae, and the structures of the spinoglenoid notch
were evaluated and dissected. The identification of the
suprascapular nerve was performed, and it remained
in its anatomic position as the spinoglenoid ligament
was exposed for complete examination.

Dynamic Anatomy: Visual Observation

After dissection, 10 shoulders were immobilized on
a specimen stand in an upright anatomic position and
then taken through clinically reproducible positions of
abduction, adduction, internal rotation, and external
rotation. A goniometer as well as horizontal and ver-
tical landmarks were used to ensure reproducibility. A
perpendicular line was drawn on the wall and on the
floor as landmarks. The glenohumeral joint was then
taken through a throwing motion. This was recorded
by using a video camera focused on the spinoglenoid
ligament to determine variation in the position and
tension of the spinoglenoid ligament.

Dynamic Anatomy: Pressure Changes

In 15 shoulders, after dissection performed as de-
scribed previously, the bulk of the posterior aspect of
the supraspinatus and the superior aspect of the in-
fraspinatus muscles were removed while preserving
the supraspinatus and infraspinatus tendon insertion
into the humerus and shoulder capsule. The removal
of a portion of the muscle belly allowed more consis-
tent placement of the custom-designed (MicroStrain,
Burlington, VT) contact pressure sensor (Fig 1) and
ensured that only pressure from the spinoglenoid lig-
ament was being measured. This contact sensor was
based on a commercial absolute pressure sensor (IC
Sensors model 12101; EG&G IC Sensors, Milpitas,
CA). The tube was filled with mineral oil that allows
direct contact forces to measure the pressure changes.
The transducer senses the pressure changes and is
recorded in voltage (amps). The voltage change is
used to assess increased or decreased pressure changes
in the spinoglenoid foramen.
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FiGure 1.  (A) Posterior view of a right shoulder with the pressure sensor in position under the intact spinoglenoid ligament. The dotted line
outlines the spinoglenoid ligament. Fat is seen overlying the spinoglenoid ligament. Running under the spinoglenoid ligament is the pressure
tubing (a) filled with mineral oil and at the opposite end is the metal tranducer (b) sewn in with black suture, alleviating any movement of
the transducer during glenohumeral motion. An empty larger tube (c) was placed over the top of the mineral oil tube (a) to stabilitize it to
avoid migration during initiation of ROM. (B) The location of the spinoglenoid ligament in relationship to the scapular spine.

The shoulder was then systematically taken through
reproducible glenohumeral positions. Each test was
performed by documenting the pressure sensor volt-
age at the start position and then measured at the end
position. The start position voltage was subtracted
from the end position voltage resulting in the voltage
change.

Six glenohumeral positions were tested starting
from neutral and moving the glenohumeral joint into
the end position. For this study, the neutral position
was glenohumeral at 0°, elbow flexion at 90°, and
neutral forearm position. When neutral was indicated
in charts and graphs, this was the position used for the
measurements. Rotation externally (ER) and rotation
internally (IR) of 90° was performed each time ER
and IR were indicated.

All cadavers were placed in the neutral position,
and then ER and IR voltage changes were measured.
The second group of measurements involved the start
position at neutral and the end position at 90° abduc-
tion. The cadaver remained in that position as the start
position and was tested for the end positions of ER
and then IR. The third group of measurements in-
volved the start position at neutral and the end position
at full abduction. The cadaver remained in that posi-

tion as the start position and was tested for the end
positions of ER and then IR. The fourth group of
measurements involved the start position at neutral
and the end position at 90° flexion. The cadaver re-
mained in that position as the start position and was
tested for the end positions of ER and then IR. The
fifth group of measurements involved the start posi-
tion at neutral and the end position at full adduction.
The cadaver remained in that position as the start
position and was tested for the end positions of ER
and then IR. The sixth group of measurements in-
volved the start position at neutral and the end position
extension at 90°. The cadaver remained in that posi-
tion as the start position and was tested for the end
positions of ER and then IR.

Each position was measured 3 times by 1 author,
and the voltage change under the spinoglenoid liga-
ment was recorded each time. These reproducible
positions correlated to maneuvers used in clinical test-
ing as well as the glenohumeral joint during the throw-
ing motion and other sporting events.

In 6 cadavers, the spinoglenoid ligament was then
excised and retested in all the same positions de-
scribed previously. Three measurements were re-
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corded for each specimen with the spinoglenoid liga-
ment released and used as the control.

Statistical Methods

Statistical analysis of the results was performed
determining the mean values for all anatomic mea-
surements. Differences between genders were deter-
mined by using the independent samples ¢ test. For
multiple (>2) categorical variables, such as the posi-
tion of the arm, comparisons were performed by using
1-way analysis of variance with Bonferroni correction
to adjust for multiple comparisons. Values of P < .05
were considered statistically significant.

Surgical Technique

The surgical technique was performed on 10 shoul-
ders. Positioning the patient in a lateral decubitus
position gave good exposure and access to the shoul-
der. This position allowed the surgeon to easily per-
form an arthroscopic procedure using the anterior,
lateral, and posterior portals. This position also allows
access to the posterior shoulder without having to
reposition the patient. The beach-chair position can be
used, but the hemithorax must be draped up to the
spine to give adequate exposure.

Placement of the portals was based on the anatomic
dissections of fresh frozen cadaveric shoulders.> The
spinoglenoid ligament was found consistently when
measurements were based off the posterolateral edge
of the acromion. Starting at the most posterior lateral
aspect of the acromion, 4 cm were measured medially,
along the scapular spine. This provided the correct
anatomic placement for the lateral portal to allow
direct access to the spinoglenoid ligament and the
neurovascular structures. The placement of the medial
portal was measured another 4 cm medially along the
scapular spine (Fig 2). The medial portal was created
specifically for a 30° (or 0°), 5.0- or 5.8-mm arthro-
scope, and the lateral portal was used for a probe or a
cutting or motorized instrument. After marking these
2 portals, a sharp incision was made through the skin
1 to 2 cm inferior to the scapular spine. The fascial
layer and scapular spine were identified. Placement of
a blunt trochar in the medial and a separate blunt
trochar in the lateral portal was performed and trian-
gulated to create working space. When placing the
blunt trochar, care was taken to stay up against the
scapula to create the bone-muscle plane. The arthro-
scope was placed in the medial portal, and the lateral
portal was used for the probe.

This initial dissection was usually performed dry,

FIGURE 2. A right shoulder prepared for an arthroscopic spinogle-
noid ligament release. The upper portal mark (X) is the location of
Neviaser’s portal. Portal A, the medial portal is 4 cm from lateral
portal. This is the viewing portal in which the scope is placed under
the scapula and behind the infraspinatus. Portal B, the posterolat-
eral portal is 4 cm medial to the posterior lateral edge of the
acromion. This is the instrument portal that allows for manipula-
tion of the spinoglenoid ligament.

but, when a washout was required for visibility, the
best option was to use gravity in flow or decrease the
pressure setting to the lowest that the equipment
would allow (40 mm Hg). Once the scope was in-
serted, the vascular supply from the infraspinatus to
the scapula was visualized. The vein was electrocau-
terized through the newly described posterolateral lat-
eral portal, 4 cm from the edge of the posterior acro-
mion, because it was frequently encountered when
dissecting the spinoglenoid ligament.

The spinoglenoid notch was anatomically 1 to 2 cm
inferior to the lateral portal. The suprascapular nerve,
artery, and vein were visualized running together
around the scapular spine and then diving into the
infraspinatus muscle. The nerve, as well as the vein
and artery, traverse beneath the ligament. By using the
probe, we identified these structures carefully, and
then we placed a hook around the spinoglenoid notch.
We used gentle retraction superiorly to verify the
identification of the spinoglenoid notch (good bone
contact). We then rotated the probe superiorly and
laterally to engage the spinoglenoid ligament. Once
we defined the suprascapular nerve, artery, vein, and
spinoglenoid ligament, we replaced the probe with a
cutting device. By using the cutting tool through the
lateral portal and under direct visualization, the spi-
noglenoid ligament was released. Once this was com-
pleted, the probe was used to verify that the supras-
capular nerve, artery, and vein had adequate space. If
we encountered difficulties creating the space with
only 2 portals, we used a third portal between the
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TABLE 1. Pressure Changes Between Left and
Right Shoulders

Right Left NO
Position Ligament  Ligament  Ligament
Neutral to ER 0.008 0.004 0.000
Neutral to IR 0.021 0.005 0.001
Neutral to 90° abduction 0.023 0.012 0.001
90° abduction to ER 0.024 0.016 0.000
90° abduction to IR 0.039 0.026 0.001
Neutral to full abduction 0.030 0.031 0.001
Full abduction to ER 0.017 0.019 0.001
Full abduction to IR 0.035 0.031 0.000
Neutral to 90° flexion 0.020 0.015 0.000
90° flexion to ER 0.011 0.006 0.000
90° flexion to IR 0.022 0.008 0.001
Neutral to full adduction 0.046 0.041 0.001
Full adduction to ER 0.008 0.006 0.001
Full adduction to IR 0.056 0.041 0.000
Neutral to extension 0.016 0.026 0.001
Extension to ER 0.016 0.012 0.001
Extension to IR 0.036 0.023 0.001

NOTE. Positive change in voltage is equal to an increase in
pressure.

medial and lateral portals to place a retraction tool. An
extra probe or the blunt switching stick worked well in
this portal. This middle portal provided extended re-
traction of the infraspinatus, which allowed easier
movement of the scope and cutting tool.

RESULTS
Dynamic Anatomy: Visual Observation

Cadaveric observation and a review of videotape
recordings of the dynamic anatomy of the spinogle-
noid ligament indicated maximal tension in the liga-
ment was seen with maximal adduction and internal
rotation (follow through of the pitching motion). The
ligament moved considerably, in every tested speci-
men, from a vertical to a horizontal position from the
start to finish of a throwing motion. Internal rotation in
any position of the shoulder created a visual increased
tension in the ligament rather than external rotation.
With tightening of the ligament, the inferior border of
the spinoglenoid ligament narrowed the space for the
suprascapular nerve to occupy. The measurements of
the spinoglenoid ligament had been previously de-
scribed.> These visual findings were reproduced when
the specimens were taken through the throwing mo-
tion of an overhead baseball pitch. No distinct motion
of the suprascapular nerve in our dissections was
appreciated during glenohumeral ROM.

Dynamic Anatomy: Pressure Changes

In the specimens in which the ligament was re-
leased, no change of pressures during simulated pitch-
ing motions was recorded for the right (P = .28) or
left (P = .45) shoulders. No significant difference was
found when comparing right and left pressure changes
with respect to the different glenohumeral positions
(Table 1).

Testing the pressure changes under the spinoglenoid
ligament during glenohumeral ROM showed distinc-
tive increases in pressure with an intact spinoglenoid
ligament. Increased pressure was most prevalent with
internal rotation and with 90° of abduction, full ab-
duction, and full adduction of the shoulder (Fig 3).
The suprascapular nerve occupying the space created
by the spinoglenoid ligament experiences an increased
pressure during glenohumeral ROM and positions that
mimic overhead throwing. By using the 6 phases of
the throwing motion as described by Jobe et al.,!! we
compared the pressure changes from our cadavers to 4
of the throwing positions: wind up, cocking, acceler-
ation, and follow through (Fig 4). The figure shows
the increased pressure on the suprascapular nerve by
the spinoglenoid ligament during the overhead throw-
ing motion.

When the spinoglenoid ligament was released,
shoulder ROM did not cause a pressure change on the
distal suprascapular nerve. This is shown in the graph
that compares the intact spinoglenoid ligament pres-

I BNoligament BLEFT SHOULDER BRIGHT SHOULDER

Voltage
Change

Neutral ER+
N to 90 Abd-

Arm Position

Ficure 3. The voltage change with respect to the arm position.
The right and left shoulders labeled in the legend have intact
spinoglenoid ligaments. In all ranges with the spinoglenoid liga-
ment cut, no voltage was measured showing no noise in the system.
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sure changes to the pressure changes with a released
spinoglenoid ligament (Fig 3).

DISCUSSION

This study evaluated the pressure changes created
by the spinoglenoid ligament on the distal supras-
capular nerve during glenohumeral ROM. Tension
of the spinoglenoid ligament is affected by the
position of the glenohumeral joint. The spinogle-
noid ligament is dynamic because of its insertion
into the posterior glenohumeral joint capsule; there-
fore, motions that place the capsule under tension
affect the ligament in a similar manner.!->12 These
studies support the theory that the spinoglenoid
ligament causes a pressure change in the foramen
that the ligament forms. These changes in combi-
nation with repetitive shoulder movement may
cause repeated trauma or compression on the distal
suprascapular nerve created by a scapular tunnel
syndrome. This cadaveric study showed that inter-
nal rotation of the shoulder combined with abduc-
tion or adduction causes a more consistent increase
in pressure on the suprascapular nerve. Newly re-
ported proximal release of the suprascapular nerve
has been shown to be performed safely. In this
study, we described a surgical technique to relieve
posterior shoulder pain from compression of the
distal spinoglenoid ligament.!3

The clinical features of the dysfunction of the distal
branch of the suprascapular nerve have been well
described.!-4.6:20.21.24-32 Qverhead athletes and manual

Follow Through

Ficure 4. The voltage change
with throwing motion. The right
and left shoulders labeled in the
legend have INTACT spinogle-
noid ligaments. In all motions
with the spinogleniod ligament
cut, as seen in Fig 3, no voltage
was recorded.

@ LEFTSHOULDER
B RIGHT SHOULDER

Follow Through

labor workers are at an increased risk for entrapment
of the distal branch of the suprascapular nerve by the
spinoglenoid ligament. By using the 6 phases of
throwing, we compared the pressure changes on the
suprascapular nerve by the spinoglenoid ligament.
Ferretti et al.” reported that this neuropathy was seen
exclusively in the dominant arm of volleyball players.
Correlation has been established between the level of
competition, the duration of exertion, and the severity
of the neuropathy.!3-3! Cummins et al.?! raised the
possibility that infraspinatus atrophy in baseball play-
ers was caused by neuropraxia to the suprascapular
nerve, which was supported by their study because no
throwers could identify an inciting event before the
development of atrophy. Electromyographic studies
have shown that the infraspinatus displays peak activ-
ity in the late cocking and follow-through stages of
throwing.!1-3! The nerve to the infraspinatus could be
vulnerable to maximal stretch at either the late-cock-
ing or follow-through position.3:13

Suprascapular nerve traction, kinking, or friction with
shoulder motion!-2->-7-9:18.19.28-30 are the 3 hypotheses rec-
ognized in the literature as a cause of isolated infraspi-
natus atrophy. The most popular theory proposed is that
when the infraspinatus contracts, the nerve to the in-
fraspinatus is displaced medially and is forced against the
lateral edge of the scapular spine.!222

The treatment of nerve dysfunction to the infraspi-
natus is often conservative, especially in the acute
setting.6-815 Rest, activity modification, and anti-in-
flammatory medications are the hallmarks of conser-
vative care, yet patients with infraspinatus atrophy
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often do not recover in many reported cases. Rehabil-
itation was then focused on strengthening the teres
minor to compensate for this deficit.> Preventative
strengthening of the external rotators has been advo-
cated for patients involved in throwing or overhead
sports.3-9:13.25

When conservative treatment fails, surgical treat-
ment has focused on increasing the space available for
the nerve in the spinoglenoid notch. This has been
accomplished through the removal of mass le-
sions,*12:14.21,2931  shaving of the spinoglenoid
notch,'® resection of the spinoglenoid liga-
ment,!-2421.27 and the removal of fibrous scar tis-
sue.*2! All of these procedures have been performed
in an open manner with muscle-splitting dissections.
Once the ligament hypertrophies, it would explain
why conservative treatment does not relieve the pa-
tient’s symptoms and would support the good results
reported with surgical release of the hypertrophied
spinoglenoid ligament.!-2:4.27

The technique we described gives the surgeon and
the patient a minimally invasive option for treating
isolated infraspinatus muscle atrophy from the com-
pression of the distal portion of the suprascapular
nerve by spinoglenoid ligament. Although there con-
tinues to be increased reports of infraspinatus atrophy
in patients participating in activities that require re-
petitive upper-extremity movements, performance by
these athletes may not be optimal. This 2-portal en-
doscopic/arthroscopic technique gives the surgeon an-
other option for treating this clinical finding.

The limitations of the dynamic study include the
testing setup, which did not allow combination of
glenohumeral and scapulothoracic motion to be stud-
ied. The pressure sensor used was zeroed before each
test but was not calibrated to convert the pressure
changes to pounds. However, the sensor used was
capable of detecting pressure changes in the spinogle-
noid foramen, and reproducible positions were used
for testing. The order of the testing was not varied.
This may have had effects on the spinoglenoid liga-
ment; however, if the ligament were stretched over the
ROM, we would have been underestimating the in-
crease in pressure.

Decreasing shoulder pain has been accomplished in
the literature by an open technique of release of the
spinoglenoid ligament. We believe that with an arthro-
scopic technique, the same results should occur with-
out violation of the muscle planes, and there would be
no need for a lengthy rehabilitation. If pain is allevi-
ated, the patient can return to all activities. We hope

this procedure will allow the arthroscopist an easy and
predictable technique to help patients.

CONCLUSIONS

The spinoglenoid ligament was affected by the po-
sition of the glenohumeral joint. Internal rotation of
the shoulder combined with abduction and adduction
showed increased pressure on the distal branch supras-
capular nerve (follow through). Overhead athletes are
repetitively reproducing this motion, which may result
in an increased risk for entrapment of the distal branch
of the suprascapular nerve by the spinoglenoid liga-
ment. Given the dynamic findings in this study and the
literature on infraspinatus muscle atrophy from spi-
noglenoid ligament hypertrophy, this 2-portal arthro-
scopic surgical technique has an application in treating
posterior shoulder pain in a minimally invasive way.

REFERENCES

1. Aiello I, Serra G, Traina GC, Tugnoli V. Entrapment of the
suprascapular nerve at the spinoglenoid notch. Ann Neurol
1982;12:314-316.

2. Cummins CA, Bowen M, Anderson K, Messer T. Suprascap-
ular nerve entrapment at the spinoglenoid notch in a profes-
sional baseball pitcher (case report). Am J Sports Med 1999;
27:810-812.

3. Demirhan M, Imhoff AB, Patel PR, Debski RE, Fu FH, Woo
SLY. The spinoglenoid ligament and its relationship to the
suprascapular nerve. J Shoulder Elbow Surg 1988;7:238-243.

4. Ganzhorn RW, Hocker JT, Horowitz M, Switzer HE. Supras-
capular nerve entrapment. J Bone Joint Surg Am 1981;63:492-
494,

5. Plancher KD, Peterson RK, Johnston JC, Luke TA. The spi-
noglenoid ligament. Anatomy, morphology, and histological
findings. J Bone Joint Surg Am 2005;87:361-365.

6. Bhatia DN, de Beer JF, van Rooyen KS, du Toit DF. Arthro-
scopic suprascapular nerve decompression at the suprascapular
notch. Arthroscopy 2006;22:1009-1013.

7. Black KP, Lombardo JA. Suprascapular nerve injuries with
isolated paralysis of the infraspinatus. Am J Sports Med 1990;
18:225-228.

8. Bryan WJ, Wild JJ Jr. Isolated infraspinatus atrophy. A com-
mon cause of posterior shoulder pain and weakness in throw-
ing athletes? Am J Sports Med 1989;17:130-131.

9. Ferretti A, Cerullo G, Russo G. Suprascapular neuropathy in
volleyball players. J Bone Joint Surg Am 1987;69:260-263.

10. Hama H, Ueba Y, Morinaga T, Suzuki K, Kuroki H,
Yamamuro T. A new strategy for treatment of suprascapular
entrapment neuropathy in athletes: Shaving of the base of the
scapular spine. J Shoulder Elbow Surg 1992;1:253-260.

11. Jobe FW, Tibone JE, Perry J, Moynes D. An EMG analysis of
the shoulder in throwing and pitching. A preliminary report.
Am J Sports Med 1983;11:3-5.

12. Kaspi A, Yanai J, Pick CG, Mann G. Entrapment of the distal
suprascapular nerve. An anatomical study. Int Orthop 1988;
12:273-275.

13. Lafosse L, Tomasi A, Corbett S, Baier G, Willems K, Gobezie
R. Arthroscopic release of suprascapular nerve entrapment at



998

14.

15.

16.

17.

18.

19.

20.

21.

22.

the suprascapular notch: Technique and preliminary results.
Arthroscopy 2007;23:34-42.

Ogino T, Minami A, Kato H, Hara R, Suziki K. Entrapment
neuropathy of the suprascapular nerve by a ganglion. J Bone
Joint Surg Am 1991;73:141-147.

Ringel SP, Treihat M, Carry M, Fisher R, Jacobs P. Suprascapular
neuropathy in pitchers. Am J Sports Med 1990;18:80-86.
Cummins CA, Anderson K, Bowen M, Nuber G, Sanford RI.
Anatomy and histological characteristics of the spinoglenoid
ligament. J Bone Joint Surg Am 1998;80:1622-1625.

Demaio M, Drez D Jr, Mullins RC. The inferior transverse
scapular ligament as possible cause of entrapment neuropathy
of the nerve to the infraspinatus. A brief note. J Bone Joint
Surg Am 1991;73:1061-1063.

Skirving AP, Kozak TKW, Davis S. Infraspinatus paralysis
due to spinoglenoid notch ganglion. J Bone Joint Surg Br
1994;76:588-591.

Westerheide KJ, Dopirak RM, Karzel RP, Snyder SJ. Supras-
capular nerve palsy secondary to spinoglenoid cysts: Results
of arthroscopic treatment. Arthroscopy 2006;22:721-727.
Youm T, Matthews PV, El Attrache NS. Treatment of patients
with spinoglenoid cysts associated with superior labral tears
without cyst aspiration, debridement, or excision. Arthroscopy
2006;22:548-552.

Cummins CA, Messer TM, Schafer MF. Infraspinatus muscle
atrophy in professional baseball players. Am J Sports Med
2004:32:116-120.

Glousman R, Jobe F, Tibone J, et al. Dynamic electromyo-

23.

24.

25.
26.
217.
28.

29.

30.

31.

32.

K. D. PLANCHER ET AL.

graphic analysis of the throwing shoulder with glenohumeral
instability. J Bone Joint Surg Am 1988;70:220-226.

Jobe FW, Moynes DR, Tibone JE, et al. An EMG analysis of
the shoulder in pitching. A second report. Am J Sports Med
1984;12:218-220.

Liveson JA, Bronson MJ, Pollack MA. Suprascapular nerve
lesions at the spinoglenoid notch: Report of three cases and
review of the literature. J Neurol Neurosurg Psychiatry 1991;
54:241-243.

Vastamaki M, Goransson H. Suprascapular nerve entrapment.
Clin Orthop Relat Res 1993;297:135-143.

Mestdagh H, Drizenko A, Ghestem P. Anatomical bases of
suprascapular nerve syndrome. Anat Clin 1981;3:67-71.
Glennon TP. Isolated injury of the infraspinatus branch of the
suprascapular nerve. Arch Phys Med Rehabil 1992;73:201-202.
Steiman I. Painless infraspinatus atrophy due to suprascapular
nerve entrapment. Arch Phys Med Rehabil 1988;69:641-643.
Thompson RC, Schneider W, Kennedy T. Entrapment neurop-
athy of the inferior branch of the suprascapular nerve by
ganglia. Clin Orthop Rel Res 1992;166:185-187.

Agre JC, Ash N, Cameron MC, House J. Suprascapular neu-
ropathy after intensive progressive resistive exercises: Case
report. Arch Phys Med Rehabil 1987;68:236-238.

Kiss G, Komar J. Suprascapular nerve compression at the
spinoglenoid notch. Muscle Nerve 1990;13:556-557.

Pappas AM, Zawacki RM, Sullivan TJ. Biomechanics of base-
ball pitching. A preliminary report. Am J Sports Med 1985;
13:216-222.



