Frozen Shoulder: Diagnosis and Management

Jon J. P. Warner, MD

Abstract

“Frozen shoulder” comprises a group of conditions caused by different process-
es. Effective treatment depends on recognition of the underlying pathologic dis-
order in each individual case. Idiopathic adhesive capsulitis usually responds to
nonoperative therapy or closed manipulation, but shoulder stiffness due to trau-
ma or surgery may necessitate either an arthroscopic or an open-release proce-
dure. Both of these technically demanding techniques are effective in restoring
motion in cases of frozen shoulder refractory to nonoperative treatment.
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Although many researchers have
considered the etiology of frozen
shoulder 4 few have presented an
organized treatment approach
based on the underlying diagnosis
as well as on variations in natural
history related to the specific diag-
nosis. The purpose of this article is
to present an organized overview
of the various causes of motion loss
in the shoulder and the treatment
options available for each.

Epidemiology and Natural
History

“Frozen shoulder” is a general
term denoting all causes of motion
loss in the shoulder. The condition
is one in which there is both active
and passive limitation of motion
due to soft-tissue contracture that
results in a mechanical block. This
soft-tissue contracture can occur in
combination with other conditions,
such as rotator cuff tear and degen-
erative arthritis. In the latter, joint
incongruity may also limit motion.
In all cases, the soft-tissue contrac-
tures must be treated concurrently
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with the other underlying or asso-
ciated disorders. This article will
address all causes of motion loss
that involve soft-tissue contracture
and scarring about the region of
the glenohumeral joint.

When discussing the idiopathic
form of motion loss in the shoul-
der, the term “primary adhesive
capsulitis” is preferable to “frozen
shoulder,” as it more precisely
describes the pathologic changes in
the joint capsule. The pathogenesis
of this idiopathic condition remains
a subject of debate. Possible causes
include immunologic, inflammato-
ry, biochemical, and endocrine
alterations E3 Systemic disorders,
such as diabetes mellitus, cardio-
vascular disease, and neurologic
conditions, can also be contributing
causes. In particular, patients with
diabetes are at greater risk of adhe-
sive capsulitis than the general
population; the condition is often
bilateral and resistant to all forms
of treatment[Z3

Regardless of the biologic cause,
adhesive capsulitis is characterized
by thickening and contracture of
the joint capsulelﬂ which results in

decreased intra-articular volume
and capsular compliance so that
glenohumeral motion is limited in
all planes. The natural history of
primary adhesive capsulitis is well
described and has been termed
benign because it tends to resolve
over the course of 1 to 3 years
Despite this favorable natural his-
tory, some patients are unwilling to
endure the painful limitation of
motion while they wait for resolu-
tion of the condition. Most patients
will have some residual loss of
motion even after many years,
although the literature suggests
that most do not have serious func-
tional limitations or pain
Secondary, or acquired, shoul-
der stiffness develops when there is
a known intrinsic, extrinsic, or sys-
temic causel-] Examples include
postsurgical and posttraumatic
stiffness, which can occur with or
without an associated fracture.
Both types of shoulder stiffness
usually occur in association with
prolonged immobilization. While
the management of primary adhe-
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sive capsulitis is usually conserva-
tive with physical therapy, most
surgeons believe that acquired
stiffness of the shoulder after surgi-
cal procedures for instability merits
more aggressive treatment because
of the potential unfavorable conse-
quences For example, if an ex-
cessively tight anterior soft-tissue
repair for instability causes an in-
ternal rotation contracture, it may
result in chronic posterior subluxa-
tion of the humeral head, leading
to incongruity of the joint and
rapid deterioration of articular car-
tilage In the case of motion loss
after immobilization of a trauma-
tized shoulder, a supervised thera-
py program might be successful in
restoring motion.

Normal Anatomy and
Pathology

The inherently loose articulation of
the normal shoulder joint is a nec-
essary anatomic feature that per-
mits the large range of multiplanar
motion required for normal shoul-
der function. In this noncon-
strained articulation, the larger
humeral head has a nearly perfect
congruity with the smaller osseous
glenoid. The surface area of the

articulation is enlarged by the
fibrous glenoid labrum attached
around its periphery. The stability
of this joint is largely maintained
by rotator cuff muscle action,
which creates compression of the
convex humeral head into the
matched concave articular glenoid
fossa. The glenohumeral ligaments
and capsule, which are normally
lax or under minimal tension dur-
ing most shoulder rotations, func-
tion mainly at the extreme posi-
tions of rotation and translation to
statically constrain the joint against
excessive movement of the humer-
al head on the glenoid

During motion of the normal
shoulder, the tightening and loos-
ening of the glenohumeral liga-
ments and capsule encircling the
humeral head are accompanied by
lengthening and shortening of the
rotator cuff and deltoid tendons
and musclesk| Loss of motion in
the shoulder can be the result of
any condition that directly affects
these structures or their ability to
glide relative to one another during
shoulder movements. A coexisting
joint incongruity, such as arthritis
or an osseous block due to a mal-
united or displaced greater tuber-
osity fracture, may be present.
Both arthritis and fractures are also
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commonly associated with capsu-
lar contracture and scarring be-
tween soft-tissue planes.

The etiology of shoulder stiff-
ness includes contracture or short-
ening of the capsule and gleno-
humeral ligaments, contracture or
shortening of the extra-articular
tissues, and scarring between the tis-
sue planes of the shoulder (Fig. 1).
The exact cause can usually be pre-
dicted with some degree of accu-
racy. For example, in primary
adhesive capsulitis, the soft tissue
principally affected is the joint
capsule, while the rotator cuff and
soft-tissue planes remain normal
(Fig. 1, A). In cases of postsurgical
stiffness, the specific disorder is
related to the nature of the ante-
cedent surgical procedure. When
surgical treatment was for instabil-
ity, capsular contracture and/or
extra-articular constraint may be
the cause of the motion loss. For
example, when a capsular shift or
a Bankart procedure for recurrent
dislocation results in excessive
loss of external rotation, the main
cause of motion loss is capsular
scarring rather than extra-articular
constraint. In most instances,
arthroscopic treatment can im-
prove motion, although subscapu-
laris shortening can sometimes be
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Fig. 1 Etiology of shoulder stiffness. A, Contracture of the capsule (cross-hatched areas) results in loss of all rotation (arrows). B, Extra-
articular entrapment of the subscapularis (cross-hatched area) results in loss of external rotation (arrow). C, Scarring between tissue
planes (cross-hatched areas) results in loss of all rotation (arrows).
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a factor. In contrast, if stiffness
after a Bristow procedure is due in
part to entrapment of the sub-
scapularis, an open procedure is
necessary for definitive treatment
(Fig. 1, B)b.14

If the shoulder has been immo-
bilized for a prolonged period of
time after a traumatic event or sur-
gical procedure, associated scarring
between tissue planes may concur-
rently restrict motion. For exam-
ple, the motion loss that follows a
fracture and prolonged immobi-
lization is usually characterized by
marked scarring in the tissue
planes between the deltoid and the
humerus, as well as in the deeper
layers of the rotator cuff and cap-
sule (Fig. 1, C).

Clinical Evaluation

Assessment of Motion

Shoulder motion must be
assessed and documented carefully
and consistently to obtain an accu-
rate and ongoing measure of the
efficacy of a given treatment. Both
active and passive motion losses
must be recorded and compared,
since concomitant conditions, such
as a rotator cuff tear, can result in
loss of active motion in a shoulder
that is also stiff due to adhesions.
In patients with glenohumeral stiff-
ness, there may often be the
appearance of relatively good
motion due to increased scapu-
lothoracic motion or trunk lean.
The examiner must be careful to
identify and control these compen-
satory motions in order to measure
only pure glenohumeral motion.
Active shoulder flexion is mea-
sured anterior to the scapular
plane, with the patient seated, and
is referenced to the patient’s tho-
rax, not to a line vertical to the
floor. This avoids measurement of
any associated trunk tilt or
increased scapulothoracic contribu-
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tion to overall motion. Active pain-
free motion is recorded. Active
external and internal rotation are
measured with the shoulder in
adduction as well.

In some situations, pain inhibi-
tion may result in poor active
motion. For example, in the case
of a subacromial disorder, an injec-
tion of 1% lidocaine into this
region will reveal the true active
motion possible when pain is elim-
inated. Recording the increase in
motion after injection helps differ-
entiate motion loss due to pain
from that due to a soft-tissue con-
tracture. | perform this test on
patients with painful flexion
through an arc of at least 90
degrees. An individual with limit-
ed motion due to painful flexion
from rotator cuff disease will have
relief of pain with improved
motion; an individual with a soft-
tissue contracture will continue to
have limited motion.

Passive motion should be evalu-
ated with the patient supine, which
restricts excessive scapulothoracic
movement, therefore providing a
more accurate assessment of pure
glenohumeral rotation. Passive
flexion, external rotation in adduc-
tion (arm at the side), external and
internal rotation in abduction (arm
to 90 degrees abduction), and
cross-chest adduction must be mea-
sured.

Patterns of Motion Loss

Primary adhesive capsulitis is
usually associated with global
motion loss, whereas postsurgical
or posttraumatic shoulder stiffness
may present with global loss of
motion in all planes or with a more
discrete limitation of motion affect-
ing some planes while relatively
sparing others. Recognition of
these different patterns of motion
loss is important in planning surgi-
cal treatment when shoulder stiff-
ness is refractory to nonoperative

care. Motion loss often correlates
with the location of a capsular con-
tracture. For example, limitation of
external rotation of the adducted
shoulder is associated with contrac-
ture in the anterosuperior capsular
region and the rotator interval,;
release of this area will usuall
improve the arc of motion.
Limitation of external rotation
when the shoulder is abducted is
usually associated with scarring in
the anteroinferior region of the cap-
sule. Limitation of internal rotation
in adduction and abduction is asso-
ciated with scarring of the posterior
capsule, which is also reflected in
loss of horizontal or cross-chest
adductiond

Even though these observations
are useful guidelines for surgical
treatment, it should be remem-
bered that any capsular contracture
will limit motion in more than one
plane. Extra-articular contractures,
such as subscapularis entrapment
and scarring between tissue planes,
may also contribute to global
motion loss.

Secondary Findings

Both postsurgical and posttrau-
matic shoulder stiffness are char-
acterized by the presence of some
intrinsic shoulder disorder, such
as rotator cuff disease, postsurgi-
cal scarring, or trauma to the soft
tissues with or without fracture.
The key finding in this setting is
passive motion loss. Therefore,
the physical examination should
carefully document motion loss in
all planes. Prolonged immobiliza-
tion of the shoulder may also be a
factor.

Some patients with postsurgical
or posttraumatic shoulder stiffness,
as well as those with primary adhe-
sive capsulitis, will have pain pat-
terns that suggest impingement or
rotator cuff disease or another con-
comitant condition, even though
there is no objective evidence. The
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plain radiographs (specifically, the
supraspinatus outlet view) may
show a flat acromion (Bigliani type
I)E but the magnetic resonance
imaging study may be normal.

The biomechanical conse-
quences of soft-tissue contractures
may be “nonoutlet”-type impinge-
ment, in which the capsular con-
tracture causes excessive transla-
tion of the humeral head on the
glenoid during attempted shoulder
rotation. Both anterior and poste-
rior capsular contractures have
been shown experimentally to
cause increased superior transla-
tion of the humeral head during
attempted flexionE528 This abnor-
mal superior movement of the
humeral head has the effect of
compressing the rotator cuff and
subacromial bursa between the
coracoacromial arch and the
humeral head, thus causing the
impingement-type symptoms.
Some patients have partial pain
relief with a subacromial injection
of lidocaine. Experimental work by
Harryman et altd has shown that
capsular release eliminates abnor-
mal translation and restores nor-
mal ball-and-socket kinematics
(concentric rotation) to the gleno-
humeral joint.

Loss of glenohumeral motion
will not only profoundly restrict
overall upper extremity function
but also alter the normal kinematic
relationship of the glenohumeral
and scapulothoracic joints. A com-
pensatory increase in scapulotho-
racic motion can create additional
symptoms, described by the pa-
tient as discomfort medial to the
scapula.

Radiologic Studies

Plain Radiography

In most cases, but particularly in
instances of primary adhesive cap-
sulitis, radiographic studies do not
help to clarify the causation of stiff-
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ness of the shoulder, but they do
confirm the presence of a normal
glenohumeral joint by identifying
fractures, arthritis, or metallic
implants that may be contributing
to motion loss. Disuse osteoporosis
may occasionally be evident, espe-
cially in patients who have the clin-
ical features of reflex sympathetic
dystrophy.

Arthrography

Many authors have asserted that
arthrographic confirmation of
decreased joint capacity, defined as
the inability of the joint to accept
more than 5 to 10 mL of contrast
medium, is essential to a definitive
diagnosis of adhesive capsuli-
tisB520 However, it has been
shown that there is no direct corre-
lation between arthrographic find-
ings and motion lossd Therefore, |
do not use this test unless | want to
rule out the possibility of a con-
comitant full-thickness rotator cuff
tear.

Magnetic Resonance Imaging and
Computed Tomography

Magnetic resonance imaging
can be of use in selected cases in
which there is a question of an
associated disorder, such as a rota-
tor cuff tear. Contrast medium-
enhanced computed tomography
can also provide information about
articular injury and placement of
hardware about the joint that
might be impinging on the articu-
lar surface.

Physical Therapy

For most patients, a supervised
physical therapy program will be
successful in treating primary
adhesive capsulitisbut there
has never been a careful study of
the cost-effectiveness of this
approach. Some orthopaedic sur-
geons do not believe that super-
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vised therapy is important for these
patients, and instead prefer a home
program. In cases of idiopathic
adhesive capsulitis, | combine a
home program with supervised
physical therapy three times a
week for an initial 6-week trial. If
the patient is making progress, the
combined program is continued for
an additional 6 weeks, followed by
a home program.

In contrast to primary adhesive
capsulitis, postsurgical or posttrau-
matic shoulder stiffness is often
more resistant to a conservative
approach. The likely natural
history can be predicted from an
understanding of the pathologic
features and the potential for
future articular injury, such as that
associated with a fixed subluxation
of the joint. Although the litera-
ture clearly shows that limitation
of external rotation to less than
neutral can be associated with the
development of arthritis, the mini-
mal acceptable external rotation
loss remains unclarified 211 It is
my impression that after instability
surgery, limitation of external rota-
tion to less than 60% of that of the
contralateral shoulder should be
treated aggressively to avoid
development of arthritis from
eccentric articular contact. A
supervised physical therapy pro-
gram is tried first, but my experi-
ence has been that even an aggres-
sive stretching program by a
knowledgeable shoulder therapist
is often ineffective when there is a
history of surgery or trauma. The
length of time for which the super-
vised physical therapy program is
continued depends on the cause of
the motion loss and the patient’s
response to this treatment. If after
12 to 16 weeks the patient is get-
ting progressively worse or there
has been no improvement, an
operative intervention is recom-
mended. The risks and benefits of
the operative approach have been

133



Frozen Shoulder

carefully described and may
include fracture, neurovascular
injury, residual stiffness, instabili-
ty, and infection.

Selection of Operative
Treatment

It is important to emphasize that
treatment of primary adhesive cap-
sulitis should not be considered
while the patient is experiencing
severe pain in addition to motion
loss because this may represent the
inflammatory phase of the disease.
Neviaser and Neviase have point-
ed out that any surgical treatment
in this stage will likely exacerbate
the patient’s motion loss by
increasing capsular injury. Itisim-
portant to wait until pain is present
only at the end of the range of
motion, indicating that the active
inflammatory process has resolved.

When an operative approach is
contemplated, it is also important
to reemphasize that the diagnosis
can be used to predict the likeli-
hood of extra-articular scarring as
well as capsular contracture. The
surgical treatment must be tailored
to address all of these factors. In all
cases of refractory primary adhe-
sive capsulitis, closed manipulation
should be the initial approach.
This approach is also used in rela-
tively acute cases of motion loss
after surgery or trauma when ther-
apy has failed to restore motion.
However, when there is a suspect-
ed or known extra-articular con-
tracture (e.g., after a Bristow or
Putti-Platt procedure), an open
approach is usually required, and
closed manipulation should not be
attempted.

Closed Manipulation
Closed manipulation is performed

with the patient under general
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anesthesia with drug-induced com-
plete muscle relaxation. However,
if the patient has marked osteope-
nia or underwent an antecedent
surgical repair within the previous
3 months, this approach is con-
traindicated because of the risk of
fracture, disruption of the soft-
tissue repair, nerve injuries, and
postmanipulation instability

The anesthetic technique is an
extremely important aspect of the
overall treatment. There must be
complete muscle paralysis during
the procedure. In my experience,
while general anesthesia is an ade-
quate method, patients often have
subsequent pain that interferes
with their therapy in the immedi-
ate postoperative period. It is
therefore recommended that an
interscalene block with a long-
acting agent (bupivacaine) be
used. The block is administered
either as a single percutaneous
injection or by placement of an in-
dwelling interscalene catheter P22
If a simple block is performed, it is
repeated in the morning on the
first and second postoperative
days. Use of 0.5% bupivacaine
will provide about 12 hours of
analgesia, which will markedly
reduce the patient’s requirement
for narcotics while increasing tol-
erance to physical therapy. If an
interscalene catheter is used, a con-
tinuous slow drip of bupivacaine
is administered.

The method of closed manipu-
lation has been described by
Neviaser and Neviaseny and
Harrymanﬂ The scapula is stabi-
lized by one hand while the
humerus is grasped with the other
hand just above the elbow. The
forearm should not be used as a
lever in this manipulation. An
attempt is first made to recover
external rotation with the arm at
the side. As firm pressure is grad-
ually exerted, palpable and audible
yielding of soft tissue occurs and

motion improves. Although there
may be some concern about frac-
ture with this initial rotatory force,
| attempt this motion first because
it is easier to recover flexion and
abduction if the greater tuberosity
can be rotated out from under the
acromion. If external rotation can-
not be recovered, flexion is
attempted, followed by abduction
and then external and internal rota-
tion. Finally, the arm is brought
back into adduction and internally
rotated. Motion is usually restored
in all planes.

Arthroscopic Release

Although most patients with pri-
mary adhesive capsulitis respond
to physical therapy, some will
require closed manipulation to
achieve and maintain sufficient
improvement in motion. A small
percentage of those patients will
continue to have motion loss that
is refractory even to manipulation
of the shoulder under anesthesia. |
have found the technique of arthro-
scopic capsular release very help-
ful in this situation. Similarly, in
cases of postsurgical or posttrau-
matic shoulder stiffness in which
closed manipulation fails, arthro-
scopic release can also be attempt-
ed, provided there is no extra-
articular component to the motion
loss[-4

This approach continues to be
controversial, however. Some sur-
geons suggest that arthroscopy is
of little diagnostic and therapeutic
value in treating patients with ad-
hesive capsulitis of the shoulder
Others suggest that the arthro-
scope may be helpful in delineat-
ing pathologic changes, document-
ing the results of closed manipula-
tion, and treating concomitant
intra-articular and subacromial dis-
orders[B24 Over the past 4 years, |
have used arthroscopic release in
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selected cases in which motion loss
appeared to be principally due to
capsular contracture that was unre-
sponsive despite closed manipula-
tion. This technique has the ad-
vantage of allowing the detection
of coexisting disorders, as well as
permitting a controlled and precise
capsular release. It also allows
concurrent treatment of concomi-
tant subacromial disease, as docu-
mented by preoperative temporary
relief from local anesthetic injection
and the intraoperative finding of
an inflamed subacromial bursa.
Furthermore, in cases of both idio-
pathic and postsurgical motion
loss, | have found that the force of
manual manipulation required to
regain motion is greatly reduced
by arthroscopically releasing the
capsule before manipulating the
shoulder. The arthroscopic tech-
nigue also has the advantage over
an open release of avoiding the
morbidity associated with an

extensive open surgical dissection.
If motion loss remains unchanged
intraoperatively after attempted
arthroscopic release and manipula-
tion, conversion to an open release
is possible.

Anesthetic technique is an im-
portant component of the surgical
plan for arthroscopic capsular
release. The method of obtaining
complete muscle paralysis with an
interscalene block, as already
described for closed manipulation,
is recommended for both anterior
and posterior release procedures.

Anterior Release

Anterior capsular release (Fig. 2)
is performed with the patient seat-
ed in the “beach chair” position
With use of this position, arm trac-
tion is unnecessary, although some
surgeons prefer the added joint dis-
traction produced when traction is
applied with the patient in a lateral
decubitus position. It is always dif-
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ficult to insert the arthroscope into
a stiff shoulder because of the cap-
sular contracture and decreased
joint volume, and articular injury
from forceful insertion of the
arthroscope is a concern. Chondral
damage can be avoided by gently
inserting the arthroscope over the
humeral head. Although some sur-
geon$?4 recommend use of a small-
er arthroscope (3.9-mm diameter),
such as that used for small-joint
arthroscopy in the wrist, | have
used the standard 30-degree
arthroscope (5.5-mm diameter)
without difficulty.

The biceps tendon is the first
anatomic landmark that should be
identified. It marks the upper edge
of the “rotator interval region,”
which is formed by the anterior
edge of the supraspinatus tendon
and the cranial border of the sub-
scapularis tendonfd This region is
usually composed of a thick band
of scar tissue, which obscures the

A

FIGHL ™,
. 5

B

AP

C

Fig. 2 Anterior arthroscopic capsular release is performed through an anterosuperior portal (G = glenoid; HH = humeral head). A, Left
shoulder as viewed through a posterior portal. An arthroscopic probe is placed onto the thick wall of scarred capsule in the anterosuperi-
or (rotator interval) region of the capsule. B, An arthroscopic electrocautery device has divided the anterosuperior region of the capsule,
and the subscapularis tendon (S) and the remaining thickened inferior glenohumeral ligament (IGHL) are visible. B = biceps tendon. C, If
necessary, the anteroinferior capsule is released down to the bottom of the glenoid, but not through the axillary pouch (AP).
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normally visible upper edge of the
subscapularis tendon. A varying
amount of synovitis may also be
present.

An arthroscopic cannula is
inserted just beneath the biceps
tendon, and the capsular scar tissue
is divided with the use of an elec-
trocautery device and a motorized
shaver (Fig. 2, A). The capsular
division begins superiorly from
just anterior and inferior to the
biceps tendon and continues inferi-
orly until the discrete upper edge
of the subscapularis tendon is en-
countered (Fig. 2, B). This is a sur-
gical release of the rotator-interval
region of the capsulel§ Both Ozaki
et alf4and Neer et ali2|have shown
that such a release performed
through an open approach is suc-
cessful in restoring external rota-
tion in shoulders with refractory
adhesive capsulitis.

After release of this region of
the capsule, the humeral head
moves inferiorly and laterally,
allowing more space in the joint
for the arthroscope to be moved
both anteriorly and inferiorly. The
arthroscope is removed, and a
manipulation is performed to
restore motion in all planes.
External rotation in adduction is
usually restored with almost no
manipulation force. The shoulder
can then be manipulated into other
planes with minimal force, usually
accompanied by an audible and
palpable yielding of tissue and
improved motion. If there contin-
ues to be minimal or no improve-
ment of motion in the remaining
planes, the arthroscope is reinsert-
ed into the joint, and the remain-
der of the anteroinferior capsule is
released. The capsular release is
performed in the midcapsular
region, extending down to the five-
o’clock position for the right gle-
noid and down to the seven-
o’clock position for the left glenoid
(Fig. 2, C).
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Some surgeons have expressed
concern about risk to the axillary
nerve with a capsular release in
this region,B but | have not
encountered any neurologic com-
plications. The subscapularis is
interposed between the anteroinfe-
rior capsule and the axillary nerve
when the arm is adducted. It
should be reemphasized that the
axillary pouch should not be
released with this technique.
Release of the anteroinferior cap-
sule will usually restore external
rotation in abduction, but some
patients will still lack internal rota-
tion in abduction after release of
the entire anterior capsule; if that is
the case, the posterior capsule must
be released as well.

When the capsular release is
begun in the rotator interval re-
gion, it is extremely important to
identify a discrete subscapularis
tendon. If this structure cannot be

identified, the procedure must be
converted to an open release.
Failure to curtail the arthroscopic
release in this situation can result
in division of the subscapularis ten-
don as well as the anterior capsule.
When such a conversion has been
necessary, distortion and scarring
of the subscapularis and extra-
articular scarring were identified,
all of which were successfully man-
aged with open release.

Posterior Release

In those few instances in which
there is continued loss of internal
rotation and flexion after an anteri-
or release, arthroscopic release of
the posterior capsule is also neces-
sary to accomplish a global capsu-
lar release (Fig. 3). This technique is
indicated when the loss of internal
rotation in abduction exceeds 40
degrees compared with the contra-
lateral side.

A

Fig. 3 Technique of arthroscopic posterior capsular release, depicted in a right shoulder
viewed through an anterosuperior portal (G = glenoid; HH = humeral head; PC = posteri-
or capsule; RC = rotator cuff). A, An arthroscopic shaver has been placed through the
thickened posterior capsule. B, After release of the posterior capsule, the rotator cuff mus-

cle can be seen.
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A small subset of patients may
have an isolated posterior capsular
contracture characterized by
motion loss primarily limited to
internal rotation, cross-chest (hori-
zontal) adduction, and flexion with
relative preservation of external
rotation. These patients often have
impingement-type pain and in
some cases have undergone
acromioplasty or other surgery
without relief. Their capsular con-
tracture may result in a form of
nonoutlet-type impingement by
causing increased obligate antero-
superior translation during shoul-
der flexion and internal rotation.
This condition is treated with a
posterior capsular release to restore
lost motion and normal kinematics.

| typically perform posterior
release with the patient in the
beach-chair position, although lat-
eral decubitus positioning may be
used alternatively. The arthro-
scope is placed through a cannula
in an anterosuperior portal, while
the arthroscopic sheath in the pos-
terior portal is removed over a
switching stick and is replaced
with an operative cannula. An
electrocautery device and a motor-

ized shaver are then used to release
the posterior capsule from just pos-
terior to the biceps tendon origin
down to the posteroinferior rim of
the glenoid. The posterior capsule
is always observed to be markedly
thickened and without the redun-
dancy seen in a normal shoulder, in
which it is no more than 1 mm
thick and is redundant when the
arm is adducted and in neutral
rotation (Fig. 3, A).

The arthroscopic release of the
posterior capsule must be just at
the glenoid rim. Because the mus-
cle of the infraspinatus is superfi-
cial at this point, this is taken as the
endpoint for capsular division
(Fig. 3, B). If the capsular division
is performed more laterally, there
is a risk of dividing the infraspina-
tus tendon, because it conjoins with
the capsule lateral to the joint line;
this would potentially weaken
external rotation by creating a tear
in the infraspinatus tendon.

Open Release

In cases in which arthroscopic
release is contraindicated or fails to
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restore motion, an open release can
be performed Since arthros-
copy is performed with the patient
in a seated position, immediate
conversion to an open approach is
feasible.

As with closed manipulation
and arthroscopic release, use of
an interscalene block is the pre-
ferred anesthetic technique. A
deltopectoral incision is used.
Extensive scarring through all lay-
ers of the dissection is often identi-
fied. The deltopectoral interval is
gently dissected, and the adhe-
sions between the deltoid and the
humerus are sharply released
(Fig. 4, A). This must be done
with care, as the axillary nerve
may be at risk. The axillary nerve
can often be palpated on the deep
surface of the deltoid muscle
approximately 3 to 5 cm below the
lateral border of the acromion.
The dissection is easier if the
shoulder is abducted (Fig. 4, B),
which allows the deltoid to
become lax and more easily
retracted. Internal rotation of the
arm while gently retracting the
deltoid muscle will allow anterior-
to-posterior release of subdeltoid

Fig. 4

Release of subdeltoid scar. A, Scar obliterates the plane between the deltoid and the proximal humerus and rotator cuff. B,
Abduction of the shoulder allows the deltoid to relax and makes release of scar tissue easier.
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adhesions until the deltoid can
move freely over the proximal
humerus when the arm is rotated.

The dissection then proceeds
medially into the subacromial
space. After the coracoacromial
ligament is excised, the subacromi-
al space may be found to be filled
with dense scar adhesions between
the rotator cuff and the acromion,
which should be sharply released.
Care must be taken with deltoid
retraction, as overzealous retrac-
tion can either tear the muscle or
avulse it from its origin or inser-
tion. The conjoined tendon is then
separated from the scarred area
joining it to the underlying sub-
scapularis and retracted medially.
This can usually be accomplished
with a combination of blunt and
sharp dissection. The surgeon
should be mindful of the musculo-
cutaneous nerve; it is essential to
keep the dissection lateral to the
base of the coracoid process to pre-
vent injury to neurovascular struc-
tures.

The superior border of the sub-
scapularis tendon is identified, and
the rotator interval is released,
extending from the humerus to the
coracoid 214 As the dissection
proceeds from superficial to deep
between tissue layers, the shoulder
should be gently manipulated to
regain motion. If there is still
marked limitation of external rota-
tion due to scarring in the interval
between the subscapularis and the
capsule, the subscapularis is split
between its fibers, and an elevator
is used to release adhesions be-
tween its tendon and the underly-
ing capsule. If there is still limita-
tion of external rotation, a coronal
Z-plasty lengthening of the sub-
scapularis and capsule is per-
formed (Fig. 5). This is done by
dividing the scarred capsule and
subscapularis tendon in the coro-
nal plane so that the superficial
half of the tendon remains attached
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Fig. 5 Coronal Z-plasty lengthening of
subscapularis and capsule. A, Entrapment
of the subscapularis causes loss of external
rotation (arrow). B, The subscapularis and
capsule are divided in the coronal plane,
beginning laterally at their insertion and
developing a superficial layer. C, The cap-
sule (deep layer) is then divided at the gle-
noid, and the arm is externally rotated for
completion of the Z-plasty lengthening
procedure.

to the muscle; the remaining deep
half is divided at the glenoid and
remains attached to the lesser
tuberosity. The orientation of this
coronal dissection can be guided
by determining the thickness of the
scarred tendon and capsular tissue
once the rotator interval region is
opened. The surgeon can usually
both see and palpate the thickness
of the anterior tissues through this
interval.

When the anterior capsule and
subscapularis have been dissected,
the subscapularis is usually found
to be entrapped in scar tissue. To
achieve full mobility, it may be nec-
essary to visualize and dissect the
axillary nerve (Fig. 6, A and B). A
vessel loupe is placed around the
axillary nerve, and the subscapu-
laris is released globally on its
superior, inferior, deep, and super-
ficial surfaces.

If abduction and internal rota-
tion are still limited, the inferior
and posterior capsule can be
released through the joint. To do
this, | place a humeral head retrac-
tor to displace the humeral head
posteriorly and also put a blunt
retractor beneath the inferior cap-
sule to protect the axillary nerve
(Fig. 6, C). The capsule is then
released from inferior to posterior
and superior under direct vision.
The retractors are removed, and
the shoulder is placed through the
range of motion to evaluate motion
gains. The arm is positioned in the
maximum external rotation that
will allow secure closure of the Z-
plasty of the anterior capsule and
subscapularis tendon with the use
of large, nonabsorbable, braided
suture. The patient usually gains
at least 40 degrees of external rota-
tion; however, this depends on the
quality of the tendon and capsular
tissue. Range of motion is assessed
again to determine where there is
tension on the soft-tissue repair
and thus define a “safe zone” for
early passive range-of-motion
activity.

Postoperative Treatment

On the morning of the first postop-
erative day, either a repeat inter-
scalene block is instituted or the
interscalene catheter infusion is
continued. Therapy is performed
twice a day, in the morning and the
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Fig. 6 Subscapularis mobilization in a left shoulder (humeral head omitted from drawing for better visualization). A, Sutures are placed
into the contracted and shortened subscapularis tendon. An elevator protects the axillary nerve as the inferior and anterior capsules are
divided. The coracohumeral ligament (dotted line) is also divided. B, After the capsular release and coracohumeral ligament division, the
subscapularis is mobilized. C, An inferior and posterior capsular release can be performed if the axillary nerve is carefully mobilized and

protected (shown elevated with a vessel loupe around it and an elevator beneath it).

afternoon. The patient is dis-
charged after the second therapy
session on the second postopera-
tive day. Narcotic analgesia is
used as necessary to supplement
the interscalene analgesia. Therapy
consists of an aggressive stretching
program in all planes, and the
patient is instructed in self-assisted
stretching exercises as well. As the
interscalene block usually results in
only partial muscle paralysis, the
patient can perform some stretch-
ing independently.

When a soft-tissue repair has
been performed, as with a Z-plasty
lengthening in the front of the
shoulder, motion should be only
passive for 4 weeks. The positions
at which resistance is felt and the
repair is observed to be under ten-
sion should be noted at the time of
surgery and specified for the treat-
ing therapist as the limits of pas-
sive motion. After 4 weeks, an
aggressive active-motion program
with therapist-assisted stretching is
begun.

The patient who has under-
gone an arthroscopic capsular re-
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lease is discharged on the after-
noon of the second postoperative
day. The patient is encouraged
to use the surgically treated arm
for activities of daily living, and
a sling is not worn. The patient
continues a home program with
self-assisted stretching and a pul-
ley device, as well as supervised
physical therapy on an outpa-
tient basis five times per week
for the first 2 weeks and then
three times per week for the next
2 weeks.

After 4 weeks, the patient’s
progress is assessed, and the need
for additional therapy is individu-
alized. | do not recommend use
of a continuous passive motion
machine, as it has been my experi-
ence that this device is not reliable
for maintaining motion gains.
Whether the patient was treated
arthroscopically or with open
release, the strengthening phase
of the postoperative therapy pro-
gram is delayed until a nearly full
pain-free arc of motion has been
achieved. This usually takes
about 3 months.

Summary

Proper treatment of motion loss in
the shoulder depends on an initial
recognition of the causative disor-
der and its natural history.
Although a nonoperative approach
of supervised or unsupervised
therapy is usually successful in
treating adhesive capsulitis, it may
fail in patients whose stiffness is
due to surgery or trauma. Closed
manipulation restores motion in
most cases of idiopathic adhesive
capsulitis, but is often ineffective in
the treatment of postsurgical
motion loss. An arthroscopic
release technique allows precise
and controlled release of capsular
contractures in cases of both idio-
pathic adhesive capsulitis and post-
surgical motion loss. When there is
an extra-articular component to the
soft-tissue contracture, an open
approach will improve motion.
Postoperative treatment must
emphasize pain control and main-
tenance of motion gains achieved
at the time of manipulation or
surgery.
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