CASE PRESENTATION
History

A 57-year-old man with type II diabetes mellitus presented with right shoulder
pain and weakness, The onset of symptoms was insidious and progressive over
a Z-year period. The patient thought he initially injured his shounlder while
swimming but noted that his symptoms had become much worse since re-
injuring it while throwing a tennis ball 6 months before presentation. The pain
was localized to his right shoulder and often awakened him from sleep. He had
taken nonsteroidal anti-inflammatory drugs (NSAIDs) for the 6 months after
re-injuring the shoulder and completed an intermittent course of physical thes-
apy that included a rotator cuff strengthening program. He was an active
person who enjoved hunting and fishing but had been unable to do either
because of the shoulder problems,

On physical examination, there was no asymmetry or atrophy about his
shoulders, The greater tuberosity on his right shoulder was tender to palpa-
tion, but the bicipital groove and acromiociavicular joint were not tender. His
fefr shoulder had normal motion and full rotator cuff strength. His right shoui-
der had Hmited passive (forward flexion 110°, external rotation 20°, abduc-
tion 80° internal rotation to L5) and active motion and weakness of
abduction with a drop-arm sign. External rotation strengrh and the belly press
and lift-off tests were normal; the Neer and Hawkins impingement signs were
markedly positive. The patient had no pain with external or internal rotation
with the arm in adduction.

Radiographs showed a type 2 acromion and no glenchumeral arthritis.
MRI showed a 1- x 2.5-em full-thickness supraspinatus tendon tear with 1 cm
of retraction from the insertion on the greater tuberosity (Figure 1).

The patient started a rehabilitation program that focused on stretching the
capsule and restoring passive glenohumeral joint mobility. After 6 weeks, his
pain and weakness persisted but passive motion improved to 140° of forward
flexion, 110° of abduction, and 43° of external rotation. At this time, he
decided to undergo surgical treatment of the rotator cuff tear.
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Figure 1 MRI scans showing a full-thickness supraspinatus tear (arrow). Coronal T2-weighted fat suppression

(A) and STIR {B) images.

A full-thickness crescent-shaped supraspinatus
tear extending into the infraspinarus with delamina-
vion was identificd atr arthroscopy in addition to
moderare subacromial bursitis and cvidence of
subacromial impingement with scuffing and tearing
of the coracoacromial ligament, The biceps and
subscapularis tendons were intact. An arthroscopic
subacromial burscctomy and acromioplasty were
performed in addition to a double-row arthroscopic
rotator cuff repais with suture anchors.! The quality
of the tissues was excellent, and the repair was very
sccure. Postoperative rehabilitation consisted of
protection in an arm sling with a small abduction
pillow. Pendulum range-of-motion oxercises  were
permitred for the first 6 wecks. Passive range of
motion began at 14 days postoperatively. At 6 weeks
nostoperatively, he started active and active-assist
motion with a physical therapist.

At 2 weeks after suvgery, on his routine foliow-up
visit, he was noted to have significant pain and poor
pain control. Shoulder motion was 90° forward
clevation, 45° abduction, 10° external rotation with
the arm at his side, and internal rotation to the sacral
ievel. He was encouraged to continue the postopera-

tive rehabititation program and maintained on oral
opioid pain medications. NSAIDs were discouraged
given their adverse effects on tendon healing, He was
instructed to begin weaning from his sling at
4 weeks. At 6 weeks after surgery, he still had modes-
are pain and did not have full passive motion. The
cherapist was contacted and daily stretching CRErCises
were encouraged. Strengthening excercises were 1niti-
ated ar 10 weeks after surgery.

Current Problem and Tl

At 3 months after surgery, he had persistent pain and
shoulder stiffness, Forward elevation was 90°, abduc-
tion was 45°, and external rotation 20°. No warmth
or erythema was noted. A physical therapy regimen
with manual capsular stretching and dynamic brac-
ing was preseribed, and he was given both intra-astic-
ular and subacromial injections with corticosteroids
(triamcinoione 40 mg/ml} to veduce the inflamma-
tion in his shoulder. The pain decreased afrer the
injection, which included 1% lidocaine, lyue the pas-
sive range of motion remained limited. He was cval-
uated again in 6 weeks. Laboratory studies including
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a CBC count, erythrocyte sedimentation rate, and -
reactive protein were negative, He remained afebrile,
the shoulder was not warm, and there was no
drainage. He had experienced some mild improve-
ments i motion and clected o continge with the
noasurgical aggressive rehabilication program.

Unfortumately, despite the agpressive physical
therapy program, there was persistent marked limita-
tion of motion noted ar the 6-month follow-up. His
range of motion had not tmproved for 2 months,
although the pain in his shouider had markedly
decreased. Afrer discussing his options for trearment,
the patient clected to proceed with arthroscopic
capsular release of his shoulder.

Discussion

Stiffness is an unforeunace complication that can
occur following rotator cuff surgery, s incidence
ranges from 4% to as high as 10%.2 When the loss
of motion is minimal and painless, it is usually well
tolerated. When the stiffess is more advanced and
when it is painful, it is not well tolerated, Further
more, substantial loss of motion without associated
pain also can be extremely debilitating. Many studies
evaluate range of motion as part of the overall
outcome assessment, bug it rarely is addressed specif-
wally as a problem,

This case presents some of the diagnostic and ther-
apeutic dilemmas inherenr in freating parients with
stiffuess after rotator cuff repair {Table 1), Factors
contributing o the developrment of postoperative
stiffness included dialetes mellitus, a stiff shoulder
before surgery, low pain tolerance, inadequate post-
SRCrative paim management, and inappropriare reha-
bilitation, In the Postoperative setting, it is always
important to exclude infection as a cause of the stiff-
fess Or persistent pain, Most paticars wich sympro-
matic rotator ctff tears do not have significant shoul-
der stiffness or loss of passive motion. In patients
with chronic rotator cuff tears, the stiffness shoubd he
resolved before the rotaror cuff is repaired. Treating
the adhesive capsulitis eliminates SOMe parients’ pain
and dysfuncrion, which in cortain sertings may obvi-
ate the need for rotator enff repair, This patient had
persistent pain despite resolution of the preoperative
stiffness, Unfortunately a POSTOPCrative contracture
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TABLE 1 Four Types of Patients With
Stiffness Following Rotator Cuff Repair
1. Stiffness without a tear of the repaired rotator cufl
4. Stiffness with a tear of the repaired rotator cuff
3. Stiffress with untreated osteoarthritis
4. Stiffness with nerve or deltoid injury

developed rhat did nor respond to aggressive physicat
therapy. Subsequent arthroscopic capsular release
resulted in improved motion and function.

When stiffness occurs after a rotaror cuff repaiy, it
is rare that subsequent surgery will be needed, Most
resolve with appropriate rehabilication and judicious
use of corricosteroid injections. The rehabilitation
program should focus on stretching exerciscs, and
this frequently resolves the issue completely, Slow
and steady progress is the eypical pattern, and surg-
cal release of the contracture varely is required.
Flowever, if a patient does not recover satisfactory
functional motion, a ¢a psular release may be needed.
It would be-rare to recommend surgical intervention
carlier than 4 months from the original surgery, In
the postoperative setting, particularly after open
rotator euff repair, subacromial and subdeloid scars
ring often oceurs, The scarring is typically fess after
prior arthroscopic rotator cull repair. Stiffness afeer
mini-open and open rotator cuff repairs is associated
with more extensive subdeltoid and subacromial
scarring. Arthroscopic capsular release and sulvacro-
mial débridement allows for » minimally invasive
approach to the treatment of persistent stiffncss after
votator cuff repair. The capsule of the glenohumeral
joint can be cffectively released, and sca reing in the
subacromial space also can be débrided without trau-
matizing the deleoid muscle,

Recognizing the Problem and
Situations at Risk

Etiology of Stiffness After Rotator
Cuff Repair :

Several patient-specific factors arc considered risk
factors for shoulder stiffress afrer rotaror cuff repair
{Tabic 2), including diabetes mellirus, infection, his-
tory of keloid formation, lnw Pain tolerance, history
of complex regional pain syndrome, and an associ-
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TABLE 2 Associated Patient Risk Factors for
Stiffness

1. Diabetes mellitus

2. Low pain threshold

3. Chronic pain and dependent personality

4. prior keloid formation

ated dependent personality. Trenerry and associates?
reported that restriction of preoperative range of
motion of the hand behind the back best predicted
shoulder stiffness at 6 wecks after rotator cuff repair,
Chen and associates,’ cvaluating the effect of
diabetes mellitus on the outcome of rotator cuff
repair, reported significant differences in range of
motion at all follow-up points.

Some loss of motion after rotator cuff repair may
be inevitable because of scar tissue formation and loss
of tissue compliance during the immediate postopera-
tive period. Disscetion and mobilization of the torn
rotator cuff rendons and shortening of the muscle
tendon units during repair may result in scarring and
limitations in overall excursion. In addition, subacro-
mial decompression and burscctomy, which typically
are performed in association with rotator cuff repait,
can contribute to scarring, secondary o bleeding and
disrupted soft-tissue surfaces. The term “captured
shoulder™ was coined to describe the subdeltoid adhe-
sions that form after subacromial space surgery. This
problem, which occurs more commonly after mini-
open and open rotator cuff repair, can lead to
compensatory mechanics, asynchronous  shoulder-
sirdle mortion, transfer of symptoms to the scapu-
lothoracic articulation, and pain. As mentioned
previously, it is always essential to exclude the possi-
bitity of postoperative infection as a cause.

The principal causes of stiffness afrer rotator cuff
repair can be classificd as cither intra-articular or
extra-articular (Table 3). Capsular contracture
(intra-articular origin) is a common cause of stiffness
(Figure 2, A) that can occur globally, as in the case of
idiopathic adhesive capsulitis, or locally in a specific
region of the capsule (Figure 2, B). Contractures
limited to specific regions of the capsuic may be
jatrogenic, sceondary to surgical shortening of the
capsule {eg, closure of the rotator interval) or to a
stabilization procedure, However, capsular contrac-
cure more commonly results from an inflamed
fibrotic process within the capsule.
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TABLE 3 Causes of Symptomatic Motion
Loss
1. Moior-unit failure
« Tear of the rotator cuff tendon
+ Muscle failure — deltoid avuision or disuse
atrophy
o Nerve injury — axillary, suprascapuar, brachial
plexus
2. Capsular contraciure {global)
» Adhesive capsulitis
3. Capsular contracture {limited)
e Surgical shortening
4. Extracapsutar constraint
« Shorlened tendon/capsule
5 interfascial scarring between tissue planes
« Subdeltoid adhesions between the deltoid and
the rotator cuff tendon or proximal humerus
» Joint surface incongruity

Extracapsular constraing of the glenohumeral
joint, another conimon mechanism for postoperative
stiffness {Figure 2, C), can result from repairing the
rotator cuff under excessive tension, inadequate
rehabilitation, or prolonged immobilization. Another
major extra-articular factor in postoperative stiffness
appears to be interfascial scarring between tissue
planes. Scarring and adhesions can form between the
deltoid and the rotator cuff, and the deltoid and the
proximal humerus. Complex regional pain syndrome
also can result in significant stiffness that usvally is
caused by capsular and extracapsular scarring. Other
causes for stiffness after rotator cuff repair may not
be dircetly related to the surgery. Tor example,
abnormalities in the glenohumeral joint, such as
preexisting osteoarthritis or posttraumatic arthritis,
can contribute to stiffness.

Evaluation of Stiffness After Rotator
Cuff Repair

Awareness and early recognition of stiffness after
rotator cuff repair are keys fo its successful reat-
ment. The best preventative measures arce ta (1} be
aware of the potential problem, {2) design and follow
a postoperative rehabilitation protocol fo prevent it,
(3) follow patients postoperatively and modify rcha-
bilication as needed, and {4) act accordingly if stiff-
ness presents early afrer surgery.
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When a patient presents with maotion loss follow-
ing rotator cuff repair, the clinician should look
closcly for additional associated pathology, including
signs of a recurrent rotator cuff tear, residual
impingement, acromioclavicular joint discasc, or
biceps tendon disease. Other possible findings
include decreased skin sensation (sccondary to axil-
lary nerve injury) and defects in the deltoid muscle
{either secondary to deltoid dehiscence or injury to
the axillary nerve). Again, the possibility of occult
infection should also be considered.

A detailed history often provides insight into the
causes of motion loss. For example, prolonged immo-
bilization without passive range-of-motion exercises
can lead to carly postoperative scarcing and stiffness.
Other causes include inadequate postoperative pain
control or a low pain threshold, cither of which can
resudr in avoidance of range-of-motion excercises and
limited mobility. Because motion loss can be second-
ary to disruption of the repair, the patient shouid be
questioned regarding any appropriate loads that
might have been applied to the repair in the postop-
erative period, such as from a fall or carly aggressive
active maotion,
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Figure 2 Capsular contracture with one focation of
adhesions and scarring. A, Contracture of the entire
glenohumerai capsule. B, Contracture of a specific
region of the capsule, €, Contracture of the capsuie
and scarring between the tissue planes outside the
capsule.

A standard physical examination of the shoulder
should be performed. Examination of the cervical
spine might identify pathology that contributes to
shoulder pain and contracture. Keloid formation of
the previous surgical scars suggests a propensity to
hypertrophic scarring. The deltoid, infraspinatus, and
suprapsinatus muscles are examined for atrophy,
which may be the result of nerve injury or compres-
sion. Infraspinatus atrophy is most commonly the
result of chronie rotator cuff tearing. $pecific
anatomic structures, such as the bicipital groove,
acromioclavicular joine, and greater tubcrosity,
should be palpated for tenderncss. Temperature
differentials, erythema, or wound drainage should
alert the clinician to the possibility of infection,

The patient’s specific type of motion loss should
also be determined. Is it passive, active, or both? Is it
caused by stiffness alone, weakness, or both? Tosting
should always include forward flexion, abducrion,
internal and external rotation in adduction and in
90" of abduction, and cross-arm adduction (horizon-
tal flexion). %3 Motion always should be compared
with that of the contralateral shoulder. Active range
of motion can be assessed with the patient seated.
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Simultancous bilateral assessment can reduce the
effect of compensatory motion, Passive motion is
assessed with the patient supine o stabilize the
scapula. To accurately discriminate between scapu-
lothoracic and glenohumeral motion, the gleno-
humeral motion must be isolated by limiting
compensatory movements of the scapula on the
thorax (scapulothoracic substitution) and trunl tiit-
ing (from the hips and low back). Direct palpation of
the proximal humerus and the scapula during the
examination enables the examiner to detect the end
range of glenohumeral motion.

Pain can make it difficult to discriminate between
loss of active and passive motion. A subacromial
injection of 10 ml. of 1% lidocaine can help elimi-
nate pain from rotator cuff and subacromial pathol-
ogy, making it possible to determine whether the
stiffness is secondary to contracture alone or guard-
ing from pain inhibition.? ‘

Once the type of motion loss is known, the clini-
cian can determine the cause of the stiffness.
Typically, patients with stiffness have toss of both
active and passive motion, Patients veraining good
serength with equivalent loss of both passive and
active motion may have an intact rotator cu ff repair,
Preservation of passive motion with loss of active
motion may indicate failure of the rotator cufl repalr
or a nerve injury involving the axillary oy supra-
scapular nerve. The finding of cquivalent loss of
active and passive motion is consistent with postop-
erative adhesions with, or without, associated capsu-
lay contractures.

The specific location of the adhesions, or capsular
contractures, can, at times, be aceu rately predicted by
physical examinadon, When there is global loss of
shoulder motion, the problem commonly is hoth
qatra- and extra-articular (Figure 2, C). Significant
loss of external rotation with the arm in 0° of abduc-
tion is associated with contracture of the rotator
interval, whercas deereased external rotavion with
the arm in 90° of abduction significs contraciure of
the anteroinferior capsuie 2389 Significant loss of
internal roration in 0° and/or 90° of abduetion typi-
cally correlates with contracrure of the posterior
capsule.HH8

Imaging of the stiff shoulder following rotator cu ff
repair always should stare with radiographs, inciud-
ing an AP shoulder view, a true AP glenobumeral
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joint view {Grashey view), a scapular outlet view, and
an axillary view. The radiographs allow interprefa-
tion of the previous surgical resections (such as the
subacromial decompression and/or the distal clavicle
resection) and inspection of the glenohumeral and
acromioclavicular joints for degencrative arthrits,
An infection may present as mild joint space narrow-
ing that is only apparent wien the images are
compared to those obtained preoperatively. The axil-
fary view is the best view in which to visualize joint
space narrowing in the glenohuameral joint. On occa-
sion, one may also see displaced suture anchors or
other hardware-retated problems on radiographs.

Although MRI with intra-articular contrast is very
helpful in identifying defects in the repair, artifact
often malkes it difficult to interpret; thus, determining
the location and extent of capsular contracture and
subdeltoid adhesions can be difficult.’® However,
postoperative MRI can be helpful in providing infor-
mation about the coexistence of jntra-articular
pathology.

Contrast extravasation into the subacromial
space on Magnetic resonance arthrography indicates
a rorator cuff ear thar may be cither a persistent
defeer from the original repair, a recurrent ear, of,
most commonly, failure of healing of the original
repair.’ This information can be alarming but may
not completely correlate with the clinical statos
because complete healing, although desired, is not
always nceessary for good function. 2 MRI also is
used to determine the degree of rotator cuff muscle
atrophy and farry degeneration. If the muscie has
extensive atrophy and fatty degeneration, 2 futare
yepair may not be feasible even if the shoulder stilf-
ness is treated, 13

Management of Stiffness After
Rotater Cufl Repair

Patients with shoulder stiffness following rotator cuff
repair rypically fall into one of four groups: (1) stift-
ness with an intact rotator culf, (2) stiffness with a
rotator cuff tear, (3) stiffness with associated joint
arthrasis, and {4) seiffness with injury to the deloid
muscle andfor neurclogic injury. Most patients have
fimitation of motion and an intact rorator cuff.
Trearment depends on both the pathoanatomy pres-
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ent and the patient’s preferences. Many patients with
foss of motion after rotator cuff repair remain
asymptomatic and satisficd with the ourcome.
However, even without associated pain, further treat-
ment may be necessary when stiffness affects activi-
ties of daily living or the ability to return to SpOLts.

Nonsurgical Management

A supervised physical therapy program along with
aggressive passive manual strerching and, some-
times, dynamic bracing, is often successful in treat-
ing shoulder stiffness resulting from primary
adhesive capsulitis. ' Good outcomes typically can
be expected if stiffness s recognized early and
appropriate measures are taken, However, unlike
primary idiopathic adhesive capsulitis, postoperative
stiffness is imore frequently resistant 1o a nonsurgical
approach.2.3:1506 We do not believe that manipula-
tion under anesthesia is indicated in such settings
because of the possibility of coliateral injury or re-
tear of the healed rotaror cuff tendon. A patient who
is noncompliant or unmotivated may be best treared
nonsurgically.

For nonsurgical management to be cffecrive, the
stiffness must be recognized carly, and pain must be
controlled. Pain can be controlled by reducing inflam-
mation through the use of both subacromial and
intra-articular corticosteroid wjections, oral steroids,
and NSAIDs, We prefer to delay the use of steroids or
NSAIDs until after 12 ro 14 weeks because of their
potential adverse effeets on tendon healing. feing and
judicious use of oral narcotic medications usually are
needed. Symptomatic relicf also can be provided by
ultrasound and eleerrical stimulation.

I gencral, patients with significant stiffness
following rotator cuff repair wttially should be
managed nonsurgically with a structured therapy
regimen for at least 3 to 6 months after the repair.
During this period, the pain typically subsides and
the patient’s tolerance for stretching will improve.
Because the clinical course is usually one of improve-
ment, it s generally appropriate to wait 4 to 6
months after the primary rotator cuff repair before
surgical intervention for stiffness. Patients usually
improve significantdy during this time frame, and it is
rarc that patients need surgical treatment, Thar being
said, there may be instances where carly intervention
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for stiffness might be necessary, such as in the case of
a suspected infection,

Surgical Management

Treatment options include manipulation under anes-
thesia {MUA), sefective arthroscopic release {with or
withour MUA), and open release (with or without
MUAY. Although closed manipulation may play a
role in the teatment of idiopathic adhesive capsuli-
tis, it usually is not helpful for patients who have
stiffness after a rotator cuff repain 1817 Thege
patients usually have extra-articular adhesions in
addition to capsular contracrures and can be resist-
aat to manipulation. Furthermore, forceful MUA
may jeopardize the integrity of the rotator cuff repair.
Forceful MUA also purs the parient ar risk for tendon
disruption, proximal humerus fracture, glenohumer-
al dislocation, and nerve injury. Closed management
alone often results in residual motion loss.

We do not advocate MUA in these settings. [f
MUA s selected, it must be performed carcfully.
Complete paralysis of the shoulder, cither with
systemic newromuseunlar blockade under general
anesthesia or with interscalene nerve block, is
required. Shoulder manipulation begins with manip-
ulation of the arm in forward clevation in the scapu-
lar plance. The shoulder is stabilized with one hand
and the other hand is placed proximaly on the arm
to reduce the torque applicd to the humerus. If
capsular disruption is palpated with this mancuver,
then the manipulation can continue. Next, the infe-
vior capsular release is completed by manipulating
the shoulder in abduction. The posterior capsule is
then released by manipulating the shoulder in adduc-
tion and very carcful manipulation in internal and
external  rotation.  Rorational manipulation is
performed fase, when less force is required, to prevent
a humerus fracture that might occur with torsional
stress,

Anesthesia

Appropriate ancsthesia and immediate postoperative
pain management are critical to the success of arthro-
scopic and open capsular releases, ‘Indwelling inter-
scalene catheters and intra-articular analgesic
catheters are effecrive modalities for controlling post-
aperative pain.
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Indwelling interscalenc catheters are maintained
for up to 48 hours and provide a continuous slow
infusion of tocal anesthetic. Placement of the in-
terscalene block and adimission to the hospital for
48 hours allows for aggressive physical therapy with
almost complete pain control in the immediate post-
operative period, Indwelling analgesic catheters
placed at the time of arthroscopic release can deliver
local anesthetics continuously or on patient demand
for 48 to 72 hours postoperatively.'$ These catheters
provide pain control without neuromuscuiar block-
ade. Because of some recent concerns about the chon-
drotoxity of bupivacaine in some animal studies, we
place such catheters extra-articularly or use repeated
interscalene nerve blocks.

Arthroscopic Capsular Release

Arthroscopic release of the contracred capsule and
adhesions is the preferred surgical creatment of the
stiff shoulder after rotator cuff repair because it
allows for precise, sclective release of adhesions
between tissue planes, division of shortened, thick-
eped  capsular tissue, and partial capsulec-
romy.2:319-22 Arthroscopic evaluation can identify
concomitant intra-articutar  and  subacromial
pathology. For example, persistent pain in the stiff
postoperative shoulder may be a result of inade-
guate acromioplasty, untreated acromioclavicular
joint arthritis, or biceps tendon pathology; all of
these common causes of pain associated with failed
rotator cuff surgery may be treated appropriately
during arthroscopic capsular release, In these revi-
sion cases, we have frequently observed that the
biceps becomes entrapped in scar such that it does
not slide freely in the Dbicipital groove of the
humerus. We believe that this can be a frequent
source of persistent pain or loss of morion, and it is
our opinion that this should be addressed cither
with tenotomy or tenodesis.

Patients with an intact repaired rotaror cuff and
persistent stiffness despite adequate nonsurgical
treatmens are good candidates for arthroscopic
capsular release. Arthroscopic capsular release is also
the preferred treatment for patients with stiffness and
a recurrent tear of the repaired rotator cuff, A recur-
rent tear with stiffness does present a clinical
ditemma with regards to treatment, and experts
disagree about the best approach. One approach is to
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restore mobility by releasing the contracture, without
simultancousty revising the rotator cuff, because
combining the rcicase with a revision cuff repair may
increase the likelihood of subsequent shoulder stiff-
ness. Postoperative physical therapy can then be used
to maintain gains in motion. Several months later,
when the shoulder is supple, a revision rotator cuff
repair can be performed if nceded. Another alterna-
tive would be to address both the stiffness and the
recurrent rotator cuff rear at the same time. If the
shoulder should become stiff again, a subsequent
arthroscopic rclease can be performed. Either
approach can be used, depending on the degree of
stiffness present, the size of the recurrent rotator caff
tear, and the degree of fatty infiltration. Shared deci-
sion making with the patient is cssential in such
sertings, Qur preference is to address both the recur-
rent tear and the stiffness at the same surgical settings
however, in those patients who have very severe stiff-
ness, less than a 30° arc of motion, and a recurrent
rotator cuff tear, the treatment typically is staged,
with the stiffness adsdressed first,

Appropriate treatment of stiffuess after a rotator
cuff tear also depends on the status of the gleno-
humeral joint, When the joint destruction is severe or
when there is significant incongruity, it may be diffi-
cult to restore mobilizy, and joint resurfacing with a
prosthetic arthroplasty may he needed. ¥ the gleno-
humeral asthritis is mild or the patient is young,
arthroscopic débridement with a chondroplasty and
removal of mechanically unstable cartilage can be
performed in conjunction with a capsular release and
rotator cuff repair.

Compared with MUA, arthroscopic capsuiar
refease has the advantage of precise capsular release
with less risk to the repaired cuff rendons and
furthermore, it allows for concurrent treatment of
intra~articular and subacromial discase. After an
adeqguate release, it is safe to gently manipulate the
shoulder to obrain maximum motion. We have
found that the force of manual manipulation
required to regain motion in patients with postsur-
gical motion loss is greatly reduced if the capsule
has been surgically released first, Furthermore,
arthroscopic relcase prior to manipulation has the
added benefit of a relatively bloodless surgical envi-
ronment in the glenohumeral joint, as opposed to
arthroscopy fellowing a manipulation, which can
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Figure 3 Arthroscopic view showing an anterior
capsutar release with electrocautery in the rotator
cuff interval region.

be quite bloody. Tt is helpful ro work with the ancs-
thesiologist to maintain the mean arterial pressure
between SO and 60 mm Hg to improve visualiza-
tion,

Arthroscopic release can be performed with the
patient in cither the lateral decubitug or the beach
chair position. A standard posterior viewing portal
is used to enter the glenohumeral joint, It usnally is
difficule to insert the arthroscope into a stiff shoul-
der because of capsular contracture and decreased
joint volume. Careful technique is required to avoid
articutar injury fram forceful insertion of the
arthroscope. The posterior joint line can be local-
ized with a spinal needle. The joint is then injected
with srerile saline to confirm the location and
increase the intracapsular volume for the arthro-
scope during insertion. The arthroscopic cannula
and blunt tapered trocar ave directed into the joint
carcfully while palpating the interval between the
glenoid and humeral head wieh the tip of the trocar.

Anterior Capsular Release

The biceps tendon is the fiest landmark inside the
glenobumeral joing to be identified, Io marks the rota-
tor inrerval region, which is formed by the anterior
cdge of the supraspinatus tendon and the cranial
border of the subscapularis cendon. This region
usually is composed of a thick band of scar tissue
that can abscure the normally visible upper edge of
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Figure 4 Anterior (rotator cuff interval) arthroscopic
view showing capsular release with the top of the
subscapularis identified and fibers of the coracoacro-
mial ligament visible.

the subscapularis tendon. A varying amount of
synovitis also is typically present.

An arthroscopic cannula is inserted just bencath
the biceps tendon, and the capsular tissuc is divided
with the use of clectrocautery, punches, and a motor-
ized shaver (Figure 3). The capsular division begins
superiorly from just anterior and inferior to the
biceps tendon and continues inferiorly until the
discrete upper edge of the subscapularis tendon s
visible, At the completion of the release, the fibers of
the coracoacromial ligament should be visible as they
insert onto the coraceid, located in the center of the
ingerval region (Figure 4}, The ancerior capsule is
rcleased and partially resected to visualize the
subscapularis muscle. Electrocautery  facilirates
hemostasis during the capsular refease. Careful
control of the patient’s systemic blood pressure and
an arthroscopic pump help with visualization, If
radiofrequency is used, excessive heat should be
avoided by increasing the flow and using short bursts
of energy. This will prevent thermal injury o the
articular eartitage, which eccurs around 50°C, When
using elecrrocautery near the axillary pouch, the
outflow can also be kept open to create a hear sink
with the arthroscopy fluid to reduce the risk of ther-
mal injury to the axillary nerve. As an alrernative, the
capsule can be released with capsular punches.

After release of the rotator interval region of the
capsule, the humeral head moves inferiorly and later-
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ally, allowing more space in the joint for the arthro-
scope to be moved both anteriorly and inferiorly.
Continuing inferiorly, the capsule is released approx-
imately 1 ¢m off the anterior edge of the gleroid
{always staying just lateral to the labrum); the capsu-
far release conginues from the mideapsular region
down to the 6 o’clock position inferiorly {Figure 5)
and stops when the fibers of the underlying
subscapularis muscle are visible,

Axillary Pouch Release

The axiliary pouch is the region from approximately
5 o’clock to 7 o’clock and consists of the inferior
glenohumeral ligament complex (Figure 6). The axil-
lary nerve can be as close as 2 mm from the inferior
glenoid rim at 6 o’clock and sometimes can be visu-
alized through the capsulotomy., Unlike the anterior
capsule, we do not always release this area. The deci-
sion to release rhe axillary pouch depends on the
extent of the partient’s persistent motion loss follow-
ing complete release of the anterior capsule. Release
of the axiilary pouch will restore external rotation
and internal rotation in abduction, as well as pure
abduction with the arm in neutral from the posterior
portal.

Posterior Capsular Release

After completing the anterior capsular release, with
or without release of the axillary pouch, the posterior
capsule is addressed. Here, a switching stick is used

to reverse the working (anterior) and viewing {poste-
rior) portals. The posterior capsule is released with
instruments placed through the posterior cannuta,

The posterior capsular release is extended superiorly

to posterior to the biceps tendon origin at the supe-
rior labrum. The posterior capsular relcase should be
initiated at the labral capsular junction to avoid
damaging the infraspinatus and supraspinatus
tendons, which are located more laterally (Figure 7).
During the posterior capsular release, the arm is
placed in internal rotation to place the external rota-
tors and posterior capsule under tension and, in turn,

Figure 5 Arthroscopic view showing an anterior
capsular release approximately 1 cm off the anterior
rim of the glenoid,

Figure 6 The axillary pouch consists of the inferior glenohumeral ligament complex. Illustrations (A through C)
show an anterior capsular release down to the axillary pouch at the 6 o‘dlock position. There is risk of injury
to the axillary nerve when performing capsuiar release in this region,
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to move the mfraspinatus and teres minor rendons
away from the glenoid to prevent inadvertent injury
to the tendons deep o the capsule. Visualization of
the infraspinatus muscle heralds successful release of
the posterior capsule, The posterior capsule typically
is thickened and lacks the redundancy seen in a
normal shoualder.

Subacromial Space

Eyvaluation and débridement of the subacromial
space is a fundamental part of the arthroscopic
release of a stiff shoulder following rowror cuff
repain Subacromial and subdeltoid adhesions can
restrict motion cven after a complete capsular
release, An arthroscopic shaver and electrocautery or
radiofrequency tnstrunients are uscd for bursal
débridement and lysis of adhesions (Figure 8). It is
imporant to address regions of the subacromial and
subdeitoid spaces: anterior, posterior, the laceral
gurters, and the bursal side of the rotator cuff extend-
ing medially to the acromioclavicular joint and
scapular spine. Flypotensive anesthesia and electro-
or radiofrequency cautery are used ro avoid excess

Anierican Academy of Orthopaedic Surgeans

STIFENESS ArTER ROTATOR CUFE REPAIR

Figure 7 Arthroscopic posterior capsular release.

A, lllustration showing the arthroscope in the an-
terior portal and electrocautery in the posterior
portal. {(Reproduced with permission from Warner 3,
Allen AA, Marks PH, Wong P: Arthroscopic release of
postoperative capsular contracture of the shoulder.
4 Bone Joint Surg Am 19%7,79:1151-1158.) B, Arthro-
SCOpic view.,

biceding.  Arthroscopic  acromioplasty is  not
performed routinely because it ereates bieeding bony
surfaces that potentially can scar again. Residual
acromial spurring and impingement rarcly require
acromiopiasty.

Open Capsular Release

In patienss in whom arthroscopic release s
contraindicared or fails to restore motion, an open
release can be performed. 723 A standard delropee-
toral approach or an anterosuperior delroid-splitting
approach typically is used for open release. The
former is the preferred technique because it provides
better access 1o the anterior soft tissues and to intra-
articular structares, The main advantages of an open
release are that the subscapularis rendon can be
lengthened if needed and bony deformity or retained
hardware can be addressed. Whereas open releasc
may be a better choice for a surgeon unskitled in
advanced arthroscopy, arthroscopic release is clearly
preferable in most pazients. In some revision serrings,
open release may be the only way to achieve a 360°
release and completely mobilize the subscapularis
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A

B

Figure 8 tllustrations showing arthroscopic débridement (A) and release (B) of subacromial adhesions.

tendon (Figure 9). Shortening of the subscapularis
tendon after subscapularis repair might be a good
indication for an open release. H necessary, an arthro-
scopic release casily can be converted to an open
release without the need for again preparing or drap-
ing the patient.

As with a closed manipulation and arthroscopic
release, anesthesia via an intersealenc block s
preferred, A deltopectoral incision is recommended.
Extensive scarring through all fayers ofren is identi-
ficel, The deltopectoral interval is carcfully disscered,
and the adhesions between the delroid and the
humerus are refeased sharply and carcfully (Figure
10, A). Because the axillary nerve may be at risk as it
comes around to innervate the anterior deltoid, it
should be palpated, identified, and tagged if neces-
sary. The axillary nerve often can be palpated on the
deep surface of the deltoid muscle approximately 3
to 5 am below the lateral border of the acromion.
The dissection is easier if the shoulder is abducted
(Figure 10, B), relaxing the delroid. Intornal rotation
of the arm while gently retracting the deleoid muscle
will allow anterior-to-posterior refease of the subdei-
toid adhesions uatil the deltoid can move frecly over
the proximat humerus when the arm is rotated. The
dissection then proceeds mediaily inte the subacro-
mial space. Release in the subacromial space must
protect the rotator cuff,
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After release of the subacromial space, the
conjoined fendon is elevated from the underlying
subscapularis and retracted medially using both
biunt and sharp disscction and being mindful of the
musculocutancous and axillary nerves. Again, the
axitlary nerve is at risk in this area as well, In this
arca, it is our preference to clearly define the axiilary
nerve to prevent its inadvertent injury, The dissection
must remain lateral to the base of the coracoid
process to protect the neurovascular structures,

Next, the superior border of the subscapuiaris is
identified, and the rotator interval and coraco-
humeral ligament arc released. 17 As the dissection
proceeds, the shoulder should be gently stressed to
assess motion gains, If external rotation remains
substantiaily fimited, the subscapularis can be length-
cned and the anterior capsule released. The nterval
between the subscapularis tendon and the underlying
capsule should be developed with an clevator
Lengthening the subscapularis and capsule by medi-
alizing the insertion on the lesser tuberosity is
prefersed over lengthening with a coronal Z-plasty,
which often results in a thin tendon and internal
rotation wealiness., When the anterior capsule and
the subscapularis have been dissected, the subscapu-
faris may be found 1o be encased in scar tissue, To
achieve full mobility, it may be necessary to visualize
and dissect the axiflary nerve (Figure 9). After a
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vessel loop 1s placed arouud the axillary nerve, a
360° refease and mobilization of the subscapularis is
performed (Figure 9, A and B).

If abduction and inteenal rowtion of the shoulder
are still imited, the inferior and posterior capsule can
be released through the joint. To do this, a Fukuda
humeral head retractor is placed into the gleno-
hwmeral joine to displace the humeral head posteri-
orly, and a blunt retractor is placed beneath the
inferior capsule to protect the axillary nerve (Figure
9, C). The capsuie is then released from inferior to
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Figure 9 An open capsular release provides better
access to the anterior soft tissues and to intra-
articular structures. Open 360° capsular release (A)
and mobilization (B) of the subscapularis muscle,

C, ldentification and protection of the axillary nerve,

posterior and superior under divect visualization,
After release, the retractors are removed, and the armn
is again brought through a range of mation to cvalu-
ate motion gains,

Management of Associated
Pathology

Some patients with stiffness foilowing rotator cuff
repair have associated and relevant shoulder parhol-
ogy. In some cases, untreated acromioclavicular joing,
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Figure 10 Open capsular release. A, Release of extra-articular adhesions between the deitoid muscle, rotator
cuff tendons, and proximal humerus. B, Abduction reiaxes the deitoid muscle and facilitates the repair.

biceps, or glenohumeral parhology may  have
contributed to the shoulder stiffness. If symptomaric,
these problems should be addressed ar the vime of
capsular release. '

Postoperative Management

The key to postoperative treatment is adequate pain
control, On the morning of the first postoperative
day, cither repeated interscalene block or the inter-
scalene infusion catherer is continued. Alternatively,
pain can be controlled with an intra-articular anal-
gesic catheter. Many patients with intra-articular
catheters can be discharged home after the surgery
and begin their ourpatient physical therapy the next
day. Physical therapy optimally is scarted after the
procedure in the postoperative care unit and contin-
ued twice a day, for the next 2 days, The patient is
discharged afrer the second therapy session on post-
operative day 2 i motion is sufficient and pain
control is adequatre. Narcotic analgesia is used as
necessary to supplemient the interscalene analgesia
and continued in the days and sometimes weels
after hospital discharge. Formal physical therapy
initially is carried out five times a week and is then
reduced 1o 2 o 3 days a week, depending on post-
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operative progress. Aggressive passive self-assisted
stretching in all planes of shoulder morion is
emphasized. Patients should perform the exerciscs
hourly during the first week and continue at least
five times cach day for at least 3 wecks after the
procedure, Teis vital to stress to the patient thar the
return of motion will likely take up to 1 year, and
the importance of self-assisted exercises cannot be
overemphasized.

The main causes of stiffness after rotator cuff repair
{Table 4) include {1) preexisting pathology in ad-
dition ro the rotator cuff rear, {2} surgical technique,
(3) postoperative rehabilitation technigue, and
(<4} idiopathic stiffness. To some extent, the firse
three causes can be controlled by the surgeon. The
last, idiopathic stiffness, probably accounts for a
very small percentage of paticars with postoperative
stiffness for whom all of the appropriate selection
criteria, surgical techniques, and rehabilitation
protocols have been used.

In the first caregory, premorbid condirions, such
as osteoarthritis and adhesive capsulitis, may be
present in addition to a rotaror cuff tear. If preoper-

American Academy of Orthopacedic Surgeons




CHAPTER 2 STIFENESS AFTER Roraror Curr Repar

TABLE 4 Three Main Causes of Persistent
Postop-erative Motion Loss Following
Rotator Cuff Repair
1. Premorbid condition {osteoartivitis or shioulder
stiffness) and rotator cuff tear
a. Incorrect management of a rotator cuff tear in
the setting of stiffness
b. Failure to recognize significant preoperative
stiffness
i Analogous to osteoarthritis of the acute
anterior cruciate ligament
ii. Must treat stiffness before the rotator cuff tear
2. Surgical technigue
a. Tightening of the rotator interval
b. Inadequate mobilization of the rotator cuff tear
€. Over-advancement — with excessive tension
3. Postoperative rehabilitation: technigue
a. Direct bearing on prevalence of postoperative
stiffness following rotator cuff repair
i, Initial phase (0 to 6 weeks) —- protect repair
but preserve motion
it. Move early (first week}
1. Prevent intertissue piain adhesions
2. Prevent capsular contracture

ative stiffness is not noted and addressed before
surgical management of the rotator cuff tear, signif-
icant shoulder stiffness may follow the surgery.?
This is a relatively common scenario that may lead
to inappropriate rotator cuff surgery in patients
who actually have adhesive capsulitis, Invariably,
these patients have postoperative stiffness,

In paticnts with adhesive capsulitis and a
concomitant rotator cuff tear, the adhesive capsulitis
should be treated before repairing the rotator cuff
tear. The first course of treatment should be nonsur-
gical, with aggressive physical therapy. 1f this fails to
restore mobility, then staged surgery should be
performed, First, the stiffness is treated with a capsu-
lar release. Then, if the patient is still symptom-
atic from the rotator cuff tcay, it can be repaired. In
the case of a patient with significant glenohumeral
osteoarthritis and a concomitant rotator cuff tear, the
severity of the arthritis must be considered. In severe
cases of arthritis, shoulder arthroplasty with a rota-
tor cuff repair may be preferred, If arthroplasty is not
indicated and the stiffness is severe, the surgeon
should consider performing an arthroscopic débride-
ment and capsular release of the glenohumeral joint
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and then staging the rotator cuff eepair for a larer
date, after motion has improved.

[ncorrect or inappropriate surgical technique is
another contributing factor to stiffness following
rotator cuff repair, The most common surgical crror
is inadequate soft-tissue mobilization, which can fead
to the rotaror cuff being repaired under tension, not
only jeopardizing the repair but also Himiting the
excursion of the glenohumeral joint. Less commonly,
over-advancement of the rotator enff repair can lmit
motion by capturing the shoulder, or an excessively
tight closure of the rotator interval region can reserict
the capsule, leading to motion loss.2307.24 A secure
repair, under low tension, allows for carlier motion,
thereby decreasing the chances of postoperative stiff-
ness,

Another factor contributing to stiffness after rota-
tor cuff surgery is inappropriate postoperative reha-
bilitation. In the carly postoperative periad, rehabili-
tation should focus on protecting the repair while
attempting to preserve and regain maotion. The initial
phase of rehabilitation typically begins on the day
after surgery and gencrally consists of assisted pas-
sive motion, This phase fasts at least 6 weeks postop-
cratively. This protocol can be modified based on the
size and integrity of the repair. Formal supervised
physical therapy is especially important for patients
with a low pain threshold, who may avoid passive
motion in the early postoperative period, as well as
patients with cognitive difficulties. Patient compliance
is critical to the success of rotator cuff repais. A severe
form of postoperative shoulder stiffness that is highly
refractory to nonsurgical management may develop in
paticngs with [ow pain thresholds.23

Case MANAGEMENT AND
QUTCOME SUMMARY

An arthroscopic capsular release was nerformed.
The rotator cuff repair was found to be intact, and
there was extensive synovitis involving the rotator
interval and capsule, Once the anterior and posterior
capsules were released, there was 150° of forward
flexion but only 100° of abduction and 40° of inter-
nal and external roration with the arm in 90° of
abduction, The capsule of the axillary pouch was
carefully released inferiorly, There was some
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improvement in abduction to 120° but forward flex-
ion was still limited. Next, the arthroscope was
placed into the subacromial space and subdeltoid
and subacromial adhesions were released, The
mation improved to 160° of forward flexion, 120°
of abduction, dnd 70° of internal and external rota-
tion with the arm in 90° of abduction. The patient
remained hospitalized for 48 hours postoperatively
for pain control, and aggressive supervised physical
therapy that was supplemented with a continuous
passive motion device,

Six months after the arthroscopic capsular refease,
the patient had 150° of forward elevation, 110° of
abduction, 45° of external rotation, and internal
rotation to L4, His rotator cuff strength had
improved to ncar normal, and he returned to his
previous activity level,
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