Technical Note

Arthroscopic Thermal Capsulorrhaphy as Treatment for the
Unstable Paralytic Shoulder

Eric J. Strauss, M.D., Stephen Fealy, M.D., Michael Khazzam, M.D., Joshua S. Dines, M.D.,
and Edward V. Craig, M.D.

Abstract: Patients who present with global capsular laxity and glenohumeral instability frequently
can be treated successfully with shoulder girdle musculature strengthening exercises and activity
modification. When such injury is caused by a paralytic shoulder, a rehabilitation program may not
be a viable treatment option. Presented in this article are 3 patients with global capsular laxity and
glenohumeral instability as a result of shoulder paralysis. We also describe an arthroscopic technique
of thermal capsulorrhaphy. In our experience, arthroscopic thermal capsulorrhaphy used to treat
global capsular laxity and glenohumeral instability resulting from a paralytic shoulder has decreased
symptoms of shoulder instability and has significantly reduced shoulder pain. Key Words: Thermal
capsulorrhaphy—Glenohumeral instability—Capsular laxity.

lenohumeral stability is provided by the integrity

of the surrounding soft tissue structures, the fi-
brocartilaginous labrum, and the rotator cuff muscu-
lature.! Any alteration in the components of this gle-
noid dynamic construct may result in an unstable joint
articulation that produces symptoms of pain, altered
range of motion, and the sensation of instability.? In
1980, Neer and Foster? first described multidirectional
instability as a symptomatic glenohumeral subluxation
or dislocation occurring in more than one direction.*>
The basic pathologic change leading to this condition
is believed to be the development of a loose and
redundant joint capsule with associated ligamentous
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laxity. Etiologies of global capsular laxity and gleno-
humeral instability include trauma, microtrauma, con-
genital abnormalities, and neuromuscular disorders.!
The majority of patients diagnosed with global cap-
sular laxity and glenohumeral instability can be
treated successfully with conservative methods in-
cluding activity modification and shoulder girdle mus-
culature strengthening therapy.® Burkhead and Rock-
wood” have reported an 80% improvement in patients’
symptomatology using a regimen of rotator cuff and
deltoid strengthening followed by scapular stabilizer
strengthening.

For patients with global capsular laxity and gleno-
humeral instability resulting from brachial plexus in-
juries and other etiologies of the paralytic shoulder, a
rehabilitation regimen is most frequently not a viable
option. Currently, the treatment of the paralytic shoul-
der with global capsular laxity and glenohumeral in-
stability is limited to shoulder arthrodesis and muscle
transposition.® These procedures are often associated
with the loss of range of motion in multiple planes if
not complete loss of all glenohumeral motion as seen
in an arthrodesis. Arthroscopic thermal capsulorrha-
phy, a soft-tissue stabilization procedure in which
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periarticular soft tissues are heated and reduced in
length by radiofrequency or laser energy to regain
stability of the glenohumeral joint, has been reported
with mixed results as a treatment option for global
capsular laxity and glenohumeral subluxation.”

This article describes the use of arthroscopic thermal
capsulorrhaphy as a potential treatment modality for
patients with global capsular laxity and inferior humeral
head subluxation secondary to a paralytic shoulder.

PATIENT PROFILES
Patient A

This patient was a 42-year-old left-hand—dominant
man with a medical history of poliomyelitis, con-
tracted at the age of 1 year, that affected mainly the
right shoulder musculature. The patient presented with
a 3-year history of progressive right shoulder instabil-
ity, limitation of shoulder motion, and the develop-
ment of a painful click with abduction, and internal
and external rotation. These symptoms, especially
pain, increased in intensity after a fall on his right
shoulder 1 week before his initial presentation. The
patient also reported frequent subluxation events of
the shoulder that were precipitated by small noncon-
tact activities. At rest, the patient’s right shoulder was
dislocated anteriorly and inferiorly. This could be
easily reduced into the joint. Physical examination at
presentation revealed complete atrophy of the deltoid,
supraspinatus, infraspinatus, and pectoralis major
muscles on the right side. The patient was initially
treated with an arthroscopic evaluation and debride-
ment of small tears in the anterior, posterior superior,
and posterior inferior labrum, which resulted in relief
of his pain and moderate improvement in his range
of motion. During the arthroscopic procedure, a
stretched-out and redundant rotator cuff in addition to
a lax glenohumeral ligament were identified. Within
18 months of the arthroscopic debridement, symptoms
of glenohumeral instability returned, with the patient
complaining of pain, limitation of shoulder motion,
and a persistent sensation of shoulder instability. To
avoid the loss of rotation and flexibility normally
associated with shoulder arthrodesis, the patient de-
cided to undergo a soft-tissue stabilization proce-
dure and was scheduled for arthroscopic thermal cap-
sulorrhaphy.

Patient B

This 33-year-old right-hand—dominant man was in-
volved in a motorcycle accident 1 year before presen-
tation. In the accident, he suffered multiple serious
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injuries including a left clavicular fracture and an
immediate flail left upper extremity. Initial electro-
myographic evaluation revealed a left brachial plex-
opathy at the level of the spinal nerves. The injury was
initially treated with a left brachial plexus exploration
with sural nerve grafting from the C5 nerve root to the
musculocutaneous nerve. The patient presented with
the complaint of severe left shoulder instability. The
patient also clearly described a ptosis of the shoulder
yielding easy fatigue. The patient denied any shoulder
pain, but reported discomfort caused by the persistent
instability. Physical examination revealed marked del-
toid atrophy with no deltoid muscle contraction and
inability to internally or externally rotate the shoulder.
There was inferior instability and subluxation of the
humerus, which showed slight but transient improve-
ment with focused contraction of the supraspinatus
muscle. After 5 months of treatment with electrical
stimulation of the rotator cuff and deltoid with no
improvement in the stability of the left shoulder, the
patient elected to undergo arthroscopic thermal cap-
sulorrhaphy.

Patient C

This was a 65-year-old right-hand—dominant man
who fell down a flight of stairs 1 month before his
initial presentation. During the fall, the patient landed
directly on his left shoulder, experiencing immediate
pain and limitation of motion in the shoulder, neck,
and upper extremity. From the time of the fall, the
patient had experienced persistent weakness in the
shoulder and proximal upper extremity musculature,
which resulted in difficulty with arm abduction. The
patient also described severe pain in the region of his
left shoulder that typically worsened at night. The pain
was persistent and analgesics provided only mild re-
lief. At rest, with his arm at his side, the patient
complained of a persistent inferior glenohumeral sub-
luxation that was described as a “heavy sag.” Neuro-
logic evaluation and electromyographic studies indi-
cated injury to the upper and middle trunks of the left
brachial plexus, with associated muscle paralysis and
an altered sensory examination result. Physical exam-
ination at presentation revealed extensive atrophy of
the supraspinatus, infraspinatus, and deltoid in the left
shoulder. The patient’s range of motion consisted of
passive forward flexion to 170° and external rotation
to 90°, but 0° of internal rotation or abduction. There
was laxity and anterior, inferior, and mild posterior
translatability in addition to the presence of a 2+
sulcus sign to inferior stress. With the goals of im-
proved left shoulder stability and pain relief, the pa-
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tient was scheduled to undergo arthroscopic thermal
capsulorrhaphy.

TECHNIQUE

All 3 patients underwent arthroscopic thermal cap-
sulorrhaphy. They were placed in the beach-chair po-
sition and prepped and draped in the usual fashion for
shoulder surgery. A standard posterior portal-based
arthroscopy was used with anterior superior and ante-
rior inferior and posterior portal placement. The joint
was systematically examined and then the thermal
probe (Oratec Interventions, Menlo Park, CA) was
brought in through the anterior superior portal. Begin-
ning at the most posterior inferior aspect, the posterior
band of the inferior glenohumeral ligament was ad-
dressed and tightened with the thermal probe. Sweep-
ing forward, the inferior capsular pouch was system-
atically addressed. When the inferior capsule was
completely treated, the anterior capsule was then ap-
proached. The inferior glenohumeral ligament, middle
glenohumeral ligament, and the superior glenohu-
meral ligament were individually shrunk with the ther-
mal probe. The arthroscope was then brought in an-
teriorly with the posterior portal used for probe
insertion to complete the posterior thermal capsular
tightening. Once again returning anteriorly, the supe-
rior rotator interval tissue was treated (Figs 1 and 2).

At the conclusion of the procedure, the humeral
head appeared to be seated in the glenoid and the
glenohumeral capsule was tightened from inferior to
posterior and then anterior to superior, including the
rotator interval. All of the instruments were then re-
moved and the wound was copiously irrigated with

Figure 1. Shown is the thermal probe shrinking the glenohu-
meral capsule in the region of the rotator interval. Care must be
taken to avoid the tendinous portion of the subscapularis.
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FiGure 2. Thermal probe used to shrink the capsule of the axil-
lary pouch. The probe is used in a “tiger stripe” fashion (arrow) in
an anterior-to-posterior direction.

antibiotic solution. The shoulder was not placed
through a range of motion under anesthesia following
the procedure. The arm was placed in a sling to allow
further tightening of the contracted tissue. Patients
were kept in a sling for a total of 6 weeks and
instructed to wear the sling most hours of the day.
Patients were also instructed to start shoulder-pro-
tected active and passive range of motion exercises of
the elbow, neck, and hand immediately. The patients
were instructed to avoid any abduction or forward
flexion and external rotation past neutral for 4 weeks.
Pendulum exercises were not begun immediately post-
operatively as is customary following shoulder sur-
gery. Four weeks after surgery, the patients were able
to remove the sling a few times a day for passive
pendulum and active assisted range of motion exer-
cises. At 6 weeks, the sling was discontinued and
motion was slowly increased to full range and
strengthening exercises were continued.

PATIENT FOLLOW-UP

All 3 patients underwent arthroscopic thermal cap-
sulorrhaphy to treat global capsular laxity and gleno-
humeral instability secondary to a paralytic shoulder.
Patient A was found to have a massively enlarged
inferior capsular pouch both anteriorly and posteriorly
with marked stretching of all the anterior and posterior
glenohumeral ligaments at the time of surgery. The
patient was seen 2 weeks, 3 months, and 14 months
postoperatively. At all postoperative examinations, the
patient reported improvement in pain and symptoms
of instability. The patient began physical therapy after
6 weeks of immobilization postoperatively and pre-
sented at the 3-month follow-up with improvement of
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stability and no pain. The patient was most recently
seen 5 years postoperatively with no complaints of
pain or gross shoulder instability. The patient did
describe occasional feelings of humeral head sublux-
ation inferiorly while sleeping.

Patient B was seen 3 weeks, 3 months, and 8
months postoperatively. At the time of his first fol-
low-up visit, he reported subjective improvement in
regard to his shoulder stability; the shoulder felt
tighter and did not sag inferiorly at rest. Physical
examination at 3 weeks postoperatively revealed a
more satisfactory shoulder contour with an improved
sulcus sign compared with his preoperative examina-
tion. Patient B began physical therapy after 6 weeks of
immobilization and presented at the 3-month fol-
low-up visit reporting no pain and a subjective 50%
improvement in his shoulder stability. At month 8,
patient B continued to describe improvement in the
stability of his shoulder. Physical examination at that
time showed external rotation to 0° and forward flex-
ion to 95°. Over the course of the 8 months following
the arthroscopic thermal capsulorrhaphy, the patient
remained pain free with subjective improvement in
shoulder stability and function.

Patient C was seen 2 weeks, 6 weeks, 14 months,
and 15 months postoperatively. At the time of his first
follow-up visit, he reported improvement with respect
to his shoulder pain and instability at rest. Physical
examination at that time revealed good positioning of
the humeral head relative to the glenoid with no evi-
dence of inferior subluxation. Patient C began gentle
physical therapy after 4 weeks of immobilization and
presented at the 6-week follow-up reporting improve-
ment in the appearance of the inferior sulcus sign and
subjective stability at rest, but described pain with an
occasional click when performing sudden movements.
Physical examination revealed passive forward flexion
to 150°, external rotation to 70°, and improvement in
inferior sag compared with the preoperative examina-
tion. At the 14-month follow-up visit, the patient
described shoulder pain with occasional radiation to
the neck when his arm was not supported with a sling.
His shoulder remained stable with improved appear-
ance at rest. Physical examination showed a satisfac-
tory position of the humeral head relative to the gle-
noid with no increased translatability of the shoulder.
Internal and external rotation in addition to inferior
stress provoked pain during the examination. Under
sterile conditions, a therapeutic injection with dexa-
methasone and lidocaine was performed. This resulted
in immediate improvement in his pain symptoms,
suggesting that the pain was not related to the joint but
to the rotator cuff/subacromial space. One month later,
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at the 15-month follow-up visit, patient C once again
reported shoulder pain but graded it as less intense
than the pain before the therapeutic injection. His
physical examination continued to show satisfactory
shoulder stability and he was started on a trial of
celecoxib to treat suspected inflammatory changes in
his rotator cuff.

DISCUSSION

In the case of the paralytic shoulder, the absence of
tonic and purposeful contraction of the dynamic sta-
bilizer rotator cuff musculature places the responsibil-
ity of shoulder stability solely on the capsulolabral-
ligamentous complex. Over time, the components of
this static stabilizer complex may stretch, progres-
sively increasing the size of the joint capsule and
eventually stretching and enlarging the rotator cuff
interval. As in other patients with global capsular
laxity, these patients present with the primary com-
plaints of shoulder pain, altered range of motion, and
a subjective sensation and objective findings consis-
tent with instability.> The inability of patients with
shoulder instability secondary to a paralytic shoulder
to perform routine strengthening exercises leaves the
orthopaedic surgeon looking for alternative treatment
options.

First introduced in 1994, thermal capsulorrhaphy as
a treatment modality for shoulder instability has been
used with variable results.3-6-9-12 Thermal capsulorrha-
phy entails applying thermal energy to periarticular
soft tissues to produce tissue temperatures of 70°C to
80°C, which shrinks and thickens the tissue causing
immediate joint stabilization.®° The procedure can be
performed arthroscopically through the standard ante-
rior superior, anterior inferior, and posterior arthros-
copy portals, with the patient placed in either the
beach-chair or lateral decubitus position.®

A number of investigations have been performed in
the attempt to understand the biologic and biome-
chanical effects of thermal capsulorrhaphy. It was
initially theorized by Hayashi and Markel® that when
collagen is heated to 60°C to 70°C, its triple helical
structure unwinds and this is followed over time by
the random reformation of the collagen cross-links in
a new, overall shortened state.®!! This theory was
refuted by a recent animal study> that showed evi-
dence of active tissue healing and new collagen syn-
thesis by residual fibroblasts in the heat-treated struc-
tures. The authors of this study suggest that the treated
collagen acts as a framework or scaffold for new
collagen matrix synthesis in a now shortened config-
uration.>¢ This process may take 4 to 6 weeks to begin



ARTHROSCOPIC THERMAL CAPSULORRHAPHY

and several more months for the changes to become
mature.® One caveat that must be mentioned when
examining these animal and cadaveric studies is that
the majority of these investigations have been per-
formed on normal tissue, which may not accurately
reflect the response that pathologically lax periarticu-
lar soft tissues have when exposed to thermal energy.>

There have been several reports of initial success
and later clinical failures using thermal capsulorrha-
phy in active patients with normal neuromuscular
examination results.!’'> Wong et al.!3 surveyed 379
orthopaedic surgeons on shoulder procedures involv-
ing the use of thermal energy over a 5-year period. Of
236,015 shoulder procedures, 14,277 (6%) involved
the use of thermal energy (1,077 involved laser en-
ergy, 9,013 monopolar radiofrequency, and 4,187 bi-
polar radiofrequency) for the treatment of glenohu-
meral instability. The rates of recurrent instability
after laser, monopolar radiofrequency, and bipolar ra-
diofrequency capsulorrhaphy were 8.4%, 8.3%, and
7.1%, respectively. A total of 196 patients (1.4%) (3
treated with laser energy, 133 with monopolar radio-
frequency, and 60 with bipolar radiofrequency) had a
postoperative axillary neuropathy; 93% of 196 had a
sensory deficit only. Of these patients, 95% recovered
completely, with sensory deficits lasting an average of
2.3 months and the combined deficits, an average of 4
months. There was adhesive capsulitis in 41 cases.!!
In a study to identify risk factors for poor outcome
after thermal capsulorrhaphy, Anderson et al.!! found
that previous operations and multiple recurrent dislo-
cations were associated with poor outcome at a highly
significant level. Of 106 patients who underwent ther-
mal shrinkage, 15 patients with treatment failure were
identified. The average age of the 78 male and 28
female patients was 26 years (range, 15 to 52 years).
All patients in the study had thermal capsulorrhaphy
performed with the use of a monopolar radiofrequency
probe. Postoperatively, all patients were treated ac-
cording to a protocol that involved strict use of a sling
immobilizer for the first 4 weeks after surgery. Of the
15 patients in the failure group, 4 had had dislocations
before treatment and had redislocations after thermal
capsulorrhaphy, 2 patients had recurrent subluxations,
and 1 had a concurrent rotator cuff repair and reported
persistent weakness. The 8 remaining patients had
preoperative pain or looseness and these symptoms
continued after treatment. The proposed risk factors
for failure of thermal capsular shrinkage were previ-
ous surgery to the affected shoulder, multiple disloca-
tions before surgery, contact sports participation, mul-
tidirectional instability, associated injuries (requiring
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repair and excluding labral debridement), and age at
presentation.!?

In our study, all of the patients presented with
symptomatology associated with global capsular lax-
ity and inferior glenohumeral instability secondary to
a paralytic shoulder. Two of the patients had post-
traumatic brachial plexus injuries and 1 patient had
shoulder girdle paralysis associated with childhood
poliomyelitis infection. Each was treated with arthro-
scopic thermal capsulorrhaphy to remedy the loose
and redundant joint capsule and pathologic laxity in
the ligamentous complex and musculotendinous sys-
tem. All of the patients experienced immediate im-
provement in the degree of shoulder stability follow-
ing the thermal capsular treatment. Follow-up
examinations showed improvement in glenohumeral
stability both subjectively and on physical examina-
tion. Although long-term follow-up is not yet avail-
able, the use of arthroscopic thermal capsulorrhaphy
for the treatment of the unstable paralytic shoulder
seems to be a viable, minimally invasive alternative to
shoulder arthrodesis and open soft-tissue stabilization
techniques.
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