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ABSTRACT

The anatomic proximity of several neurovascular
structures remains a major concern to the surgeon
interested in performing arthroscopic capsular re-

lease. We evaluated the anatomic relationships be-
tween the released capsule and the axillary nerve,
posterior circumflex humeral artery, and brachial ar-
tery in a frozen cadaveric model. With the aid of

electrocautery, seven cadaveric shoulders under-
went complete arthroscopic capsular release. The
release was performed circumferentially, approxi-
mately 1 cm lateral to the glenoid rim. All shoulders
were subsequently frozen and sectioned through the
plane of the capsular release while the shoulder was
maintained in the lateral arthroscopic position (45&deg; of
abduction and 20&deg; of flexion). Anatomic dissection
revealed an average distance from the capsular re-
lease to the axillary nerve of 7.04 mm (95% confi-
dence interval, 5.62, 8.47), to the posterior circum-
flex humeral artery of 8.2 mm (95% confidence
interval, 6.41, 9.99), and to the brachial artery of
15.97 mm (95% confidence interval, 9.85, 22.09). As
the axillary nerve was followed medially from the
released capsule, the inferior border of the subscap-
ularis muscle became interposed between the cap-
sule and the axillary nerve. This limited anatomic
study shows that a relatively safe margin between
the capsule and the neighboring neurovascular
structures can be obtained by releasing the capsule
within 1 cm of the glenoid rim.

Glenohumeral capsular contractures can be a significant
cause of disabling shoulder pain and can limit function.
These contractures can occur without apparent cause, as
in adhesive capsulitis, may be iatrogenic, as in the case of
limited motion after operative procedures for anterior in-
stability of the shoulder, or may be associated with other
disorders of the glenohumeral joint, such as osteoarthritis.
The initial management of adhesive capsulitis has con-
sisted of supportive treatment followed by medications
such as nonsteroidal antiinflammatory agents, supervised
therapy with gentle range of motion, local corticosteroid
injections, and manipulative therapy. Surgical release is
performed as a final option.6, 10,15,17,19,25 Surgical treat-
ment or operative manipulation for the stiff and painful
shoulder is indicated only after a lengthy period of nonop-
erative therapy has failed. 6,10-12,17
Arthroscopic intervention in the treatment of the pri-

mary frozen shoulder or the secondary stiff and painful
shoulder has recently been popularized.’, 6,7,15,17,18,23,24
It is thought that both the functional and economic loss
associated with a long nonoperative rehabilitation course
can be greatly reduced by a minimally invasive arthro-
scopic capsular release. 1,5-8,11,24 The indications, appro-
priate timing, suitable candidates, and long-term out-
comes for the arthroscopic treatment of the stiff and

painful shoulder are presently being evaluated and de-
fined. 1,6,7,11,15,17,18,23,24 In addition, arthroscopic inter-
vention for a condition that is generally regarded as self
limiting must be shown to have low morbidity and good
pain relief and to provide an early return to full activities
to justify the operative risk. 5,6,8 Before establishing a
protocol for the refractory stiff and painful shoulder that
involves an arthroscopic evaluation and capsular release,
the safety of this procedure should be evaluated experi-
mentally in a cadaveric model. The purpose of this study
was to evaluate and define the anatomic proximity of
several neurovascular structures in relation to the arthro-

scopically released joint capsule in a cadaveric model.
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MATERIALS AND METHODS

Seven fresh cadaveric shoulders (average age, 68.3 years;
range, 42 to 90; three male and four female) underwent
intraarticular arthroscopic capsular releases with the aid
of electrocautery. Each cadaveric hemisection was placed
in the lateral position with the aid of a scapular clamp
while the humerus was held in approximately 45° of ab-
duction and 20° of flexion using traction applied to the
distal humerus.
Each shoulder was distended with 60 ml of water and

the arthroscope (a 3.5 mm scope/30°, Dyonics Corp., An-
dover, Massachusetts) was inserted into a standard pos-
terior portal. A sequential examination was performed as
described by Snyder.21 The subacromial space was not
evaluated. The anterior portal was made with the aid of a
switching stick passed from inside the glenohumeral joint
over the border of the subscapularis tendon. Through the
anterior portal the arthroscopic electrocautery tip (Instru-
ment Makar Inc., Okemos, Michigan) was introduced into
the glenohumeral joint. Using the posterior portal for vi-
sualization, the surgeon used the electrocautery on the
cutting setting (Level 10, 350 watts) to incise the anterior
capsule parallel to the anterior rim of the glenoid labrum,
approximately 1 cm lateral to the glenoid (Fig. 1). When as
much capsule as possible was released through the ante-

Figure 1. Schematic drawing of the capsular release with
the aid of the electrocautery device inserted through the
anterior portal. The electrocautery unit has released the an-
terior band of the inferior glenohumeral ligament and is ap-
proaching the middle glenohumeral ligament. Neighboring
anatomic structures are labeled.

rior portal, the arthroscope was placed anteriorly and the
remaining posterior capsule was released with the elec-
trocautery tip in the posterior portal. This ensured that
the capsule was released circumferentially under direct
observation. Because the capsule blends with the rotator
cuff tendons laterally, care was taken to release the me-
dial capsule within 1 cm of the glenoid labrum, thereby
avoiding the rotator cuff tendons anteriorly, superiorly,
and posteriorly. The biceps tendon was preserved.
Three parallel K-wires (0.0625 inches in diameter) were

then placed percutaneously under arthroscopic observa-
tion across the glenohumeral joint in the sagittal plane
through the released capsule. The arthroscope was then
withdrawn and, with the aid of a polystyrene plastic block,
the shoulder was secured in the lateral arthroscopic posi-
tion (45° of abduction, 20° of flexion). The cadaveric shoul-
der was then frozen in this position at -18°C.
While frozen, the specimen was transected in a sagittal

plane just lateral to the released capsule. The parallel
K-wires were used as a guide. After sectioning, the K-
wires were removed along with the medial fragment of the
humeral head. While the glenoid hemisection remained
frozen, careful anatomic dissection was performed. The
biceps tendon, glenohumeral ligaments, released capsular
remnant, rotator cuff tendons and muscles, teres major
muscle, long head of the triceps, axillary nerve, posterior
circumflex humeral artery, brachial artery, pectoralis ma-
jor muscle, and latissimus dorsi muscle were identified.
Calipers were then used to measure the shortest distance
between the released capsular remnant and the axillary
nerve, the posterior circumflex humeral artery, and the
brachial artery at their nearest points. Each meas-

urement was performed three separate times for each
specimen by one author and an average distance was
calculated (Table 1). These average values were used to
determine small-sample confidence intervals (CI) at the
95% level. All measurements and dissections were per-
formed while the specimens were frozen and maintained
in the simulated lateral arthroscopic position. The course
of the axillary nerve was traced in every specimen (Fig. 2).

TABLE 1

Average Distance of Major Arteries and Nerves from the
Capsular Remnant (in millimeters)’

d Three measurements were taken and averaged for each

specimen.
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Figure 2. Shoulder hemisections in the sagittal plane from one specimen. The shoulder hemisection was performed with the
shoulder frozen in the arthroscopic position (45° of abduction and 20° of flexion). The hemisection is approximately 1 cm lateral
to the glenoid. A, after sectioning the shoulder in the sagittal plane just lateral to the glenoid, the residual humeral head is easily
removed and is held with a hemostat. The axillary nerve is held by the forceps. B, the axillary nerve is dissected free and placed
on background material for contrast. The tip of the large arrow points to the axillary nerve, and the tip of the small arrow is on
the released capsular edge. C, the same specimen with the probe on the brachial artery. D, as the course of the axillary nerve
is traced medially and superiorly, the subscapularis muscle (between forceps) becomes interposed between the axillary nerve
and capsular edge.
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RESULTS

The average distance between the released capsular edge
and the axillary nerve was 7.04 mm (95% CI, 5.62, 8.47).
The average distance between the posterior circumflex
humeral artery and the released capsular edge was 8.2
mm (95% CI, 6.41, 9.99), and the distance between the
capsule and brachial artery averaged 15.97 mm (95% CI,
9.85, 22.09) (Table 1).
No specimens demonstrated damage to the rotator cuff

tendons immediately adjacent to the released capsule. In
every specimen the axillary nerve was found to lie anterior
to the inferior edge of the subscapularis muscle at the
level of the glenoid rim. The nerve continued laterally and
inferiorly, traveling under the subscapularis muscle and
close to the capsule approximately 1.7 cm lateral to the
inferior glenoid rim.

DISCUSSION

The primary stiff and painful shoulder has been described
in 1872 by Duplay as a &dquo;painful and stiffening shoulder,&dquo;
in 1934 by Codman 3 as the &dquo;frozen shoulder,&dquo; and in 1945
by Neviaser 13 as &dquo;adhesive capsulitis&dquo; based on the find-
ing at arthrography of the shoulder joint. The causes and
treatment of this condition continue to frustrate physi-
cians.-’,’, 1’, 12 If untreated, the joint will eventually re-
cover motion over a period of 12 to 42 months, with a mean
recovery period of near 30 months.6,11,16,22 Recently,
several authors have included arthroscopic procedures
in the treatment of the stiff and painful shoul-
del,.l, 6, 7,15,17,18, 20, 23, 24 Arthroscopic procedures not only
provide diagnostic information, they also eliminate the
need for postoperative immobilization or hospitaliza-
tion/’~’~’~’~’~’~’~’~ Furthermore, arthroscopic
surgery allows for capsular distention, debridement of
intraarticular adhesions, and the release of contracted
capsular structures before or after manipulations of the
extremity.~-~~-~’~-~-~ Moreover, additional

pathologic conditions such as degenerative acromioclavic-
ular joints, subacromial impingement, or partial rotator
cuff tears can be addressed concurrently. 17,18

Pollock et al. 17 used manipulation under anesthesia
before the insertion of the arthroscope. After manipula-
tion, they carefully debrided the contracted capsular
structures while avoiding debridement inferiorly because
the axillary nerve was thought to be at risk secondary to
the inferior capsular tear that occurred from the manipu-
lation. Using this technique, they reported an 83% satis-
faction rate in patients without diabetes and a 64% satis-
faction rate in patients with diabetes after 31 months.
Capsular releases before manipulation or in those pa-
tients who had failed results from a previous manipula-
tion have been performed by Warner et al.,23 who released
the capsule arthroscopically with the aid of electrocautery.
They reported low morbidity with only one case of early,
isolated shoulder dislocation postoperatively after a

2-year followup.
More recently, Ogilvie-Harris et a1.15 prospectively di-

vided 40 patients with resistant, stiff, and painful shoul-

ders into two groups: one group underwent a manipula-
tion followed by arthroscopy and in the second group the
contracted structures were divided using a debrider

through arthroscopic means before manipulation. Both
groups did equally well with regard to restoration of range
of movement after at least 2 years of followup; however,
the patients who received arthroscopic division of the con-
tracted structures before manipulation had significantly
better pain relief and restoration of function. Segmuller et
al. 20 likewise reviewed the results of 26 shoulders that
underwent arthroscopic release of the inferior capsule
with a diathermic knife followed by gentle manipulation
after failed results with at least 6 weeks of nonoperative
therapy. At 13.5 months, 88% of the patients were very
satisfied and had no significant complications. Impor-
tantly, two of the three failed results in their series were
seen in diabetic patients, and the authors appropriately
urged others to use caution when treating patients with
both conditions. Manipulation after an arthroscopic re-
lease may prove more beneficial than routine manipula-
tions, especially with regard to pain relief. 15,20
The proximity of several neurovascular structures in

the shoulder has been appreciated by several au-

thorS.2’ 6, 7, 9,12,14,17, 23 Harryman et al., 6, 7 like Warner et
a1.,23°24 released the thickened capsular structures arthro-
scopically before manipulating the shoulder. In a series of
27 patients, Harryman et al.’ noted significant gains in
pain relief, motion, and function in short-term followup.
The only complication noted was a transient axillary
nerve palsy.

Before developing an arthroscopic protocol to address
the chronic stiff and painful shoulder, we thought a simple
anatomic study to identify the exact proximity of neigh-
boring neurovascular structures to the joint capsule was
justified. Bryan et a1.2 and Loomer and Graham have
specifically evaluated the axillary nerve and its relation-
ship to the anterolateral shoulder capsule and rotator cuff
during an open anteroinferior capsular shift for multidi-
rectional instability. Loomer and Graham recommended
direct visualization of the axillary nerve before cutting
either the subscapularis tendon or the inferior capsule.
External rotation was also emphasized so as to relax the
tension on the main trunk of the axillary nerve.
Our results show that, with the shoulder in the lateral

arthroscopic position (45° of abduction and 20° of flexion),
an average distance of 7.04 mm separates the axillary
nerve and the released capsule 1 cm lateral to the glenoid
labrum. The posterior circumflex humeral artery was 8.2
mm and the brachial artery was 15.97 mm from the re-
leased capsule. As the axillary nerve is traced medially
toward the glenoid, the inferior border of the subscapu-
laris muscle intercedes between the anterior capsule and
the axillary nerve. Bryan et al.2 found that an average of
3.2 mm (range, 0.0 to 8.0) separated the axillary nerve and
the inferior border of the subscapularis tendon, thus em-
phasizing the need to stay within 1 cm of the glenoid rim.
The distance from the glenoid rim and the depth of the

capsular release can be estimated by knowing the size of
the electrocautery tip and using it as a guide. By staying
within 1 cm of the glenoid rim and avoiding penetrating
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the capsule deeper than 4.5 mm (the distance from the
bend to the tip of the electrocautery device), a capsular
release can be adequately and safely performed. It should
be noted that this study evaluated normal shoulders in the
lateral arthroscopic position. The effect of the beach-chair
position (arm adducted to the body, no forward elevation,
and near 90° of internal rotation) was not evaluated, and
this position may change the relationship of the axillary
nerve to the capsule. The exact role of arthroscopic inter-
vention in the treatment of the stiff and painful shoulder
remains to be defined; however, the low morbidity seen in
early reports and the economic burden of a long protracted
recovery make this approach both safe and appealing.
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