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econstruction of the glenohumeral joint using a lateral
eniscal allograft to the glenoid and osteoarticular humeral
ead allograft after bipolar chondrolysis
. Pearce McCarty, III, MD,a and Brian J. Cole, MD, MBA,b Edina, MN, and Chicago, IL
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hondrolysis of the glenohumeral joint has been re-
orted to occur after the use of thermal energy, bioab-
orbable intraarticular implants, intraarticular infusion of
upivacaine, and intraarticular injection of gentian vio-

et dye, as well as after otherwise uncomplicated cases
f shoulder arthroscopy during which no such etiologic
actors can be identified.2,7,11,14,18,22 Chondrolysis can
esult in devastating loss of cartilage, producing signifi-
ant pain and functional impairment. Treatment can be
hallenging, because patients are often young and oth-
rwise healthy and place high functional demands on
heir shoulders.

Nonoperative therapy is often inadequate given the
igh functional demands.2,6 Arthroscopic débridement
ay provide temporary relief, but having no restorative
roperties, is not likely to be a durable treatment option.
eparative and restorative treatment options such as
icrofracture and autologous chondrocyte implantation
ay prove successful in the context of focal chondral

esions but are unlikely to be viable strategies for the
iffuse cartilage loss associated with chondroly-
is.9,19,21 Total joint arthroplasty with traditional bearing
urfaces may not be an attractive option in a young
opulation because of concerns about functional limita-

ion, prosthetic loosening, destruction of glenohumeral
one stock, and difficulty of revision surgery.14

In young, active patients who have failed nonopera-
ive and arthroscopic modalities, a biologic joint resur-
acing procedure may offer a salvage option that is
referable to traditional total shoulder arthroplasty. We
resent a case of bipolar glenohumeral chondrolysis
fter arthroscopic thermal capsulorrhaphy treated with a
umeral head osteochondral allograft and interposi-
ional lateral meniscal allograft to the glenoid.
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ASE REPORT
A 16-year-old right-hand-dominant girl, who was a com-

etitive gymnast, complained of chronic right shoulder pain
uring activity. She was evaluated at another institution and
iagnosed with anterior instability of the glenohumeral

oint. Physical therapy was unsuccessful, and she under-
ent right shoulder arthroscopic stabilization, during which

he anterior capsule was treated with a radiofrequency
nergy (RFE) device.

Arthroscopic images at the time of the index procedure
howed normal appearing anterior capsular structures and
ormal appearing articular cartilage covering both glenoid
nd humeral head (Figure 1). An intraarticular pain cathe-

er or pain pump was not used postoperatively.
Several months after the procedure, she reported contin-

ed right shoulder pain and progressive loss of motion. One
ear postoperatively, because of her unremitting symptoms
nd failure to respond to nonoperative modalities, she
nderwent arthroscopic débridement and capsular release.
his provided minimal symptomatic relief, and she was
eferred to our institution.

Our initial evaluation revealed active range of motion of
0° of total forward elevation (compared with 180° for the
naffected shoulder), 40° of external rotation with the arm
n a neutral position (90° for the unaffected shoulder), and
nternal rotation to L5 (T5 for the unaffected shoulder).

arked crepitus was noted throughout the patient’s range
f motion. Radiographs of the right shoulder revealed nar-
owing of the glenohumeral joint space and osteophyte
ormation along the inferior aspect of the surgical neck of
he humerus (Figure 2).

She underwent repeat right shoulder arthroscopy to eval-
ate the status of the glenohumeral cartilage. The shoulder
apsule was markedly attenuated anteriorly, and significant
artilage loss was noted on both the glenoid and humeral
ead (Figure 3). An open revision capsular release was
hen performed, followed by glenoid microfracture and
esurfacing using small intestine submucosa (SIS, Depuy,

arsaw, IN). Initially, her condition improved, with pain
elief and increased range of motion.

At 4 months postoperatively, however, she was involved
n a high-energy motor vehicle collision. This accident was
ollowed by a return of right shoulder pain and progressive
oss of motion. A magnetic resonance image suggested
rogressive degenerative changes in the glenohumeral

oint. Continued physical therapy failed to alleviate her
ymptoms. Because of the patient’s young age, high func-
ional demands, and desire to avoid total shoulder arthro-

lasty, the glenoid resurfacing was revised by using a
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eniscal allograft, and the proximal humerus was recon-
tructed by using a side-matched and size-matched fresh-
rozen humeral osteoarticular allograft.

The glenohumeral joint was approached through the
revious deltopectoral interval. The previously placed SIS
atch appeared to have integrated onto the surface of the
lenoid. This layer was left undisturbed and was covered
sing a size-matched lateral meniscal allograft. Preparation
f the meniscal allograft was accomplished by detaching it
rom its bony insertions and suturing the anterior and pos-
erior horns together with two 2-0 nonabsorbable sutures,
reating a concave, ovoid structure (Figure 4). Fixation of
he meniscal allograft was achieved by using bioabsorb-
ble suture anchors placed at 45° increments around the
ircumference of the glenoid edge.

Proximal humerus reconstruction was accomplished by
sing a side-matched and size-matched fresh-frozen hu-
eral head osteoarticular allograft. The graft was shaped in

he form of a mushroom, and a matching socket was
reated in the proximal humerus to accept the stem. The
llograft was shaped by first making a cut 1 cm distal to the
natomic neck of the allograft humerus, followed by posi-

ioning a Cloward drill with a 15-mm diameter centrally
nd perpendicular to the plane of the cut. It was then drilled

o a depth of 1 cm. With the Cloward drill left in place, an
scillating saw was used to cut around the circumference of

he drill, thereby excising a ring of allograft bone. The drill
as then removed, creating the stalk of the mushroom graft

Figure 5).
The recipient site in the proximal humerus was prepared

y positioning a 2-mm guidewire centrally and perpendic-
lar to the plane of the native humeral cut and using a
annulated cylindrical reamer matching the inner diameter
f the Cloward drill to ream a socket 1 cm in depth. The
entral peg of the graft was impacted into the recipient site,
nd fixation to the proximal humerus was achieved with the
se of 4 countersunk, variable-pitch compression screws
Accutrak, Acumed, Hillsboro, OR) inserted retrograde from

igure 1 Arthroscopic view of normal-appearing cartilage on both
lenoid and humeral surfaces at the time of thermal capsulorrha-
hy. The tip of a radiofrequency energy probe is observed
entrally.
he lateral aspect of the proximal humerus into the graft. o
For the first 6 postoperative weeks, the patient was
ermitted passive and active-assisted range of motion only,

imited to 90° of forward flexion, 40° of external rotation
ithout abduction, and 75° of abduction without rotation.
o active internal rotation or extension beyond neutral was
ermitted until week 7. At postoperative week 12 and
eyond, she was permitted active range of motion, as

olerated, with low-intensity strengthening exercises in all
lanes.

At the 6-month follow-up, she had no pain and had 120°

igure 2 A, An axillary lateral radiograph of the right shoulder 2
ears after thermal capsulorrhaphy demonstrates loss of glenohu-
eral joint space and cyst formation on both the glenoid and
umeral side of the joint. B, An anteroposterior view of the right
houlder 2 years after thermal capsulorrhaphy demonstrates osteo-
hyte formation along the surgical neck of the proximal humerus.
f active forward elevation, 45° of active external rotation,
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nd active internal rotation to T12. At the 12-month follow-
p, her visual analog pain score had decreased from 4 to
, her rating using the Simple Shoulder Test had improved

rom 1 to 8, her assessment using the American Shoulder
nd Elbow Surgeons patient self-evaluation scale had im-
roved from 50 to 83, her Mental Component Score of the
F-12 had remained constant at 59, and her Physical
omponent Score had increased from 29 to 46.12,15 At the
-year follow-up, she still had no pain and had 160° of
ctive forward elevation, 50° of active external rotation,

igure 3 An arthroscopic view 2 years after thermal capsulorrha-
hy shows bipolar chondrolysis of the glenohumeral joint.

Figure 4 Prepared lateral meniscal allograft.
nd active internal rotation to T12. Radiographs showed t
reservation of joint space and no evidence of allograft
ollapse or hardware migration (Figure 6).

ISCUSSION
The presented case was one of bipolar glenohumeral

hondrolysis after use of a RFE device for arthroscopic
reatment of anterior glenohumeral instability. Petty et al18

eported 2 similar cases of glenohumeral chondrolysis after
he arthroscopic use of thermal energy and a third after an
rthroscopic procedure during which no thermal energy
as used. Levine et al14 recently presented 2 additional
ases of young athletes who developed chondrolysis of the
lenohumeral joint after thermal treatment for instability.
hey sustained extensive, bipolar cartilage loss and were
reated in a fashion similar to our patient, although allograft-
rosthetic composites were selected for reconstruction in

heir 2 patients.
The incidence of glenohumeral chondrolysis after ther-

al capsulorrhaphy is difficult to ascertain. Wong et al23

urveyed members of the American Shoulder and Elbow
urgeons, the Arthroscopy Association of North American,
nd the American Orthopaedic Society for Sports Medicine
bout complications from the use of thermal capsulorrhaphy

o treat shoulder instability. They reported no cases of
hondrolysis, but their survey focused on rate of recurrence,
umber of axillary nerve injuries, and prevalence of capsu-
ar insufficiency. Whether the survey addressed chondroly-
is was not stated in their review.

With respect to thermal energy, almost all commercial
evices offered for arthroscopy use RFE rather than electro-
autery or laser. Electrocautery uses electrical current to
eat an integrated heating element, which is then applied to
he tissue being treated. No electrical current is transferred
nto the target tissue. RFE, conversely, transfers an alter-
ating electrical current directly into the target tissue, result-
ng in ohmic heating of fluid within the target tissue as tissue
ons attempt to follow the direction of the applied current.6

Edwards et al6 have demonstrated in ex vivo testing that
onopolar RFE devices (mRFE), which rely on passage of

igure 5 Prepared mushroom osteoarticular humeral head
llograft.
he current from the tip of the electrode to a dispersing
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lectrode located somewhere on the patient’s body, easily
enerate cartilage surface temperatures of 61°C to 68°C
fter 20 seconds of continuous use. Furthermore, bipolar
FE devices, where current flows between active and dis-
ersive electrodes located at the tip of the instrument,
enerated cartilage surface temperatures of 95°C to 100°C

igure 6 A, An axillary lateral radiograph 2 years after lateral
eniscal allograft reconstruction shows fixation of the osteoarticu-

ar allograft using multiple variable pitch compression screws.
, An anteroposterior radiograph 2 years after lateral meniscal
llograft reconstruction demonstrates radiographic evidence that

he glenohumeral joint space has been maintained by meniscal
llograft interposition.
fter 20 seconds of use, regardless of fluid flow through the e
oint.6 More important, the same study found bipolar RFE
roduced temperatures greater than 70°C at a depth of
000 �m from the cartilage surface.6 Temperatures of
bout 55°C are thought to result in chondrocyte death.5 The
ata in the Edwards et al study concern the direct use RFE
n cartilage, an application that is seldom needed within

he glenohumeral joint. Less is known about the effect of
ndirect use of RFE on cartilage.

Although no use of an intraarticular pain catheter was
ecorded in this particular patient, postoperative infusion of
upivacaine has been correlated with chondrocyte toxicity
nd clinical chondrolysis.3,10,11

Biologic resurfacing of the glenoid has been described
y multiple authors.1,4,13,24 In our opinion, biologic resur-
acing of the glenoid should be viewed as a soft tissue
rocedure intended to provide a durable solution for reduc-

ion glenohumeral contact forces. Burkhead et al4 published
group of 14 young, high-demand patients with end-stage
steoarthritis of the glenohumeral joint. Anterior capsule or
ascia lata autograft was used to cover the glenoid in this
eries in conjunction with traditional hemiarthroplasty. With
inimum 2-year follow-up, the authors reported impressive
ain relief and increased range of motion in all patients.

Krishnan et al13 have reported excellent results after
ombined biologic resurfacing of the glenoid and acromion
y using an Achilles tendon allograft performed along with
umeral hemiarthroplasty in the context of rotator cuff tear
rthropathy. Yamaguchi et al24 presented a composite

echnique of biologic glenoid resurfacing by using lateral
eniscal allograft combined with prosthetic humeral resur-

acing, and Argo et al1 recently presented a novel arthro-
copic technique for isolated biologic glenoid resurfacing
y using a porcine xenograft (Restore Orthobiologic Im-
lant, Depuy Orthopaedics, Warsaw, IN), but published
esults for these techniques are lacking at this time.

On the humeral side, successful treatment with osteo-
rticular allografts has been reported for osteochondral
efects of the humeral head. Gerber8 described the use of
femoral head osteoarticular allograft to treat reverse

ill-Sachs lesions of the humeral head. Miniaci et al16

escribed the use of fresh frozen side-matched and size-
atched osteoarticular humeral head allografts to recon-

truct large Hill-Sachs lesions in a series of 18 patients who
ad failed previous instability repairs.

Given this patient’s young age, high functional de-
ands, and devastating scope of cartilage loss, we elected

o combine biologic resurfacing of the glenoid by using a
ateral meniscal allograft with osteoarticular allograft re-
lacement of the humeral head rather than use a prosthetic
omponent. The failure of the initial glenoid resurfacing
rocedure may have been traumatic in nature, but it is also

ikely that a unilateral resurfacing represents an inadequate
econstructive procedure in the setting of bipolar chondroly-
is. Although this represents but a single case report with
hort-term follow-up, we did observe marked improvement
n several validated functional outcomes instruments as well
s radiographic stability of the construct. The long-term fate
f this procedure, however, remains to be seen. Neverthe-

ess, for young, high-demand patients with bipolar chon-
rolysis who have failed alternative nonoperative and op-

rative treatment modalities, allograft reconstruction is a
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otential addition to the armamentarium of salvage treat-
ent options.17, 20
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