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Current Concepts

Nonarthroplasty Treatment of Glenohumeral Cartilage Lesions

L. Pearce McCarty III, M.D., and Brian J. Cole, M.D., M.B.A.

Abstract: Treatment of young, active persons with symptomatic cartilage lesions of the glenohu-
meral joint represents a significant challenge. Diagnosis of glenohumeral chondral defects is not
always straightforward and effective treatment requires familiarity with a number of techniques.
Low-demand individuals may accept palliative therapy in the form of arthroscopic debridement as a
temporizing solution. However, younger, high-demand individuals require a careful, stepwise ap-
proach that includes reparative, restorative, and reconstructive strategies. Reparative strategies use
marrow-stimulation techniques to induce formation of fibrocartilage. Restorative tactics attempt to
replace damaged cartilage with hyaline or hyaline-like tissue using osteochondral or chondrocyte
transplantation. Large lesions that are not candidates for reparative or restorative procedures can be
approached using reconstruction methods such as biologic resurfacing. This review examines causes
of chondral injury in the glenohumeral joint, discusses diagnostic strategies, and presents a practical
framework including palliative, reparative, restorative, and reconstructive options with which one can
formulate a treatment plan for these patients. Key Words: Glenohumeral—Cartilage
lesion—Arthritis—Shoulder.
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egenerative processes affecting the glenohumeral
joint are not uncommon, and may produce sig-

ificant morbidity in up to 20% of elderly persons.1

rosthetic resurfacing of the humerus and glenoid has
ecome the treatment of choice for many of these
atients, and the volume of shoulder hemiarthroplasty
nd total shoulder arthroplasty has risen steadily in the
nited States, doubling from 10,000 cases a year to
ore than 20,000 cases a year over the past decade.2

any patients obtain durable pain relief and increased
unctionality as a result of prosthetic resurfacing.
evertheless, the results of both traditional hemiar-

hroplasty and total shoulder arthroplasty in younger
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eople with glenohumeral cartilage loss have not been
ncouraging.3 The young, active patient with symp-
omatic cartilage loss in the glenohumeral joint is not
n ideal candidate for total shoulder arthroplasty and
oses a challenge in terms of providing lasting pain
elief and optimizing functionality. This review fo-
uses on the surgical treatment of glenohumeral car-
ilage lesions outside of traditional arthroplasty, spe-
ifically discussing palliative, reparative, restorative,
nd reconstructive treatment options and offers an
lgorithm for patients with glenohumeral cartilage
oss.

INCIDENCE AND ETIOLOGY

The incidence rate of Outerbridge grade II-IV le-
ions as noted during arthroscopic evaluation of the
houlder has been estimated at 5%.4,5 The spectrum of
rticular cartilage abnormalities in the glenohumeral
oint includes idiopathic focal defects, chondrolysis,
ost-traumatic defects, osteochondritis dissecans (OCD),
vascular necrosis, postsurgical cartilage abnormalities,

nd osteoarthritis.
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1132 L. P. MCCARTY III AND B. J. COLE
Both acute and recurrent shoulder instability have a
ell-documented association with glenohumeral car-

ilage lesions.3,6-10 A large percentage of first-time
islocations result in either a chondral shear injury or
n osteochondral compression fracture of the postero-
ateral humeral head, as classically described by Hill
nd Sachs in 1940 (Fig 1).11

With respect to acute injury, investigators have
eported the prevalence of chondral shear injuries
nd Hill-Sachs lesions among index anterior gleno-
umeral dislocations to range from 47% to 100% of
ases.7,9,10,12 As an osteochondral defect, the Hill-
achs lesion can be an independent contributor to
ecurrent instability, as well as a source of signifi-
ant discomfort.13 What remains unclear from these
tudies are both the acute and long-term effects of
hese instability-related cartilage injuries. The nat-
ral history of the Hill-Sachs lesion or chondral
hear injury occurring at the time of index disloca-
ion is unknown.

Cameron and his colleagues8 reviewed 422 cases
rom a mixed population of anterior, posterior, and
ultidirectional instability and found a significant and

ositive correlation between preoperative glenohu-
eral osteoarthritis (defined as presence of glenoid or

umeral Outerbridge grade III or IV lesions) and time
o surgery.8 In another large retrospective study, Bus-
ayret et al.6 looked at a series of 570 cases of anterior

IGURE 1. (A) Arthroscopic image shows a large Hill-Sachs les
layer. (B) Image from the same patient shows chondral injury ad
nstability and found an 8.4% prevalence rate of pre- t
perative glenohumeral arthritis, positively correlated
ith 5 independent factors: time to surgical stabiliza-

ion, presence of the Hill-Sachs lesion, presence of a
lenoid rim impaction fracture, age at time of index
islocation, and presence of a rotator cuff tear.6 Fur-
hermore, Buscayret’s study suggests that the presence
f cartilage injury (Hill-Sachs lesion or glenoid rim
mpaction fracture) at the time of the index instability
pisode may portend development of glenohumeral
rthritis.

Recurrent shoulder instability and procedures used
o treat recurrent instability have also been correlated
ith glenohumeral cartilage pathology. Both anatomic

econstructive procedures such as the open Bankart tech-
ique, and nonanatomic reconstructions such as the
utti-Platt, Bristow, and Magnuson-Stack procedures
ave a well-documented association with glenohumeral
rthrosis, known in the context of nonanatomic recon-
truction as “capsulorrhaphy arthropathy.”1

Rotator cuff pathology has also been associated
ith the presence of articular cartilage pathology in

he shoulder. Gartsman and Taverna14 reported a 13%
revalence of cartilage lesions in a series of 200
atients with full-thickness tears of the rotator cuff.14

owever, only 5% of patients had what were consid-
red in the study to be “major” lesions, defined as
reas of exposed bone �150 mm2. Paley et al.15

eported a 17% prevalence of osteochondral lesions of

lowing initial anteroinferior dislocation in a 17-year-old football
to but not directly part of the Hill-Sachs lesion.
ion fol
he humeral head in a series of 41 high-level overhead
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1133NONARTHROPLASTY TREATMENT
hrowing athletes with arthroscopically confirmed “in-
ernal impingement” of the rotator cuff.15

Patients presenting with a constellation of symp-
oms and findings consistent with subacromial im-
ingement syndrome may also, in addition to or in lieu
f rotator cuff or other soft-tissue pathology, have a
igher prevalence of articular cartilage lesions. Ell-
an and colleagues16 reported on a small series of

atients diagnosed clinically with subacromial im-
ingement who at the time of arthroscopy were found
o have full-thickness cartilage loss ranging from 15
m in diameter to half the surface area of the humeral

ead.16 This population represented approximately
% of patients having undergone arthroscopy for im-
ingement during the study period, and had a mean
ge of 51 years. Furthermore, Guntern et al.17 reported
29% prevalence rate of humeral cartilage lesions and
5% prevalence of glenoid lesions, in a series of 52
atients having undergone glenohumeral arthroscopy
or a diagnosis of subacromial impingement syn-
rome.17

OCD is an uncommon type of cartilage pathology
ffecting the glenohumeral joint. It differs from other
rocesses in that the primary pathology lies within the
ubchondral plate, with secondary injury occurring to
verlying articular cartilage.18 Most often described in
he femoral condyle, there are only isolated case re-

IGURE 2. (A) Arthroscopic image during reoperation shows 2 m
abral repair performed 4 months previously. (B) Image from same
echanical wear from the anchors.
orts of humeral head and glenoid involvement.19-23 d
esions are observed most commonly in young-to-
iddle-aged male patients along the anterosuperior

spect of the humeral head. The majority of these
atients have a history of either a single traumatic
vent or repetitive microtrauma, although the exact
tiology of OCD remains unclear in most cases.21

Cartilage loss has also been reported in conjunction
ith iatrogenic injury to the glenohumeral joint. Mal-
ositioned intra-articular anchors for labral repair can
enerate significant mechanical destruction (Fig 2).
hondrolysis, in which there is near complete loss of
umeral and/or glenoid articular cartilage, has been
eported in association with the use of thermal energy
uring shoulder arthroscopy, as well as with the use of
ertain chemical dyes during testing of rotator cuff
epair integrity.24-26 Possible mechanisms underlying
hermally mediated chondrolysis are under investiga-
ion.

CLINICAL EVALUATION

Any history of direct trauma to the joint, whether
racture, dislocation, or previous operative interven-
ion, should be explored in detail. In the case of the
atter, operative reports and, if available, arthroscopic
mages, should be obtained and reviewed. Mechanical
ymptoms involving locking or catching of the shoul-

oned suture anchors near the center of the glenoid after a superior
t shows extensive cartilage loss from the humeral head caused by
alpositi
patien
er, discomfort with changes in the weather, inability
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1134 L. P. MCCARTY III AND B. J. COLE
o sleep comfortably on the affected side, and loss of
otion can serve as nonspecific but sensitive indica-

ors that the articular surface may be involved. Pain at
xtremes of motion may result from outlet impinge-
ent, whereas pain in mid-ranges associated with
echanical symptoms—especially below shoulder

evel—may be more indicative of articular cartilage
njury.16 One should keep in mind, however, that
artilage injury in the glenohumeral joint can present
ith physical findings traditionally suggestive of out-

et impingement syndrome.16,17

During physical examination, particular attention
hould be paid to active and passive range of motion,
capulothoracic dyskinesis, and stability. In addition,
llman and colleagues16 have described the “compres-
ion-rotation” test to assist in discriminating between
ain originating from subacromial impingement syn-
rome and that originating from glenohumeral carti-
age lesions.16 To perform the test, the patient is
laced in the lateral recumbent position on the unaf-
ected side and the examiner compresses the humeral
ead into the glenoid while the patient internally and
xternally rotates the arm. Provocation of pain with
his maneuver is considered suggestive of chondral
athology. The test can be made more specific if
eer’s impingement test is conducted first, particu-

arly if pain with forward flexion is eliminated with
ubacromial injection of local anesthetic and the com-
ression-rotation test continues to elicit discomfort.
Radiographic examination should begin with true

nteroposterior, scapular lateral, and axillary lateral
iews. In cases of shoulder instability, a West Point
iew can be helpful in evaluating the anteroinferior
lenoid rim, and a Stryker notch view can provide
xcellent visualization of the posterosuperior humeral
ead, permitting detection of a Hill-Sachs lesion.11,27

omputed tomography, and in particular 3-dimen-
ional (3-D) reconstruction, can be useful for volu-
etric characterization of osteochondral lesions or

ost-traumatic osseous deformity.
Magnetic resonance imaging (MRI) is the modality

f choice for visualizing cartilage defects in the gle-
ohumeral joint. At present, MRI provides primarily
orphologic information about the integrity of artic-

lar cartilage, but techniques providing physiologic
nformation are on the horizon and promise increased
ensitivity and specificity for diagnosing chondral pa-
hology in the early stages.28 In addition to superior
elineation of cartilage defects, MRI holds the added
enefit of allowing the clinician to identify other intra-
rticular pathology and to assess the status of the

ubchondral bone. m
Several pulse imaging sequences have shown ex-
ellent sensitivity and specificity for Outerbridge
rade II-IV type lesions: proton-density and T2-
eighted fast spin-echo (FSE) sequences, fat-sup-
ressed T1-weighted, 3-D spoiled gradient-echo
GRE) sequence, and the 3-D double-echo steady state
equence.4,29 In the knee, the proton-density and T2-
eighted FSE images allow identification of cartilage

esions with sensitivities ranging from 33% to 100%,
nd specificities ranging from 79% to 99%.29-31 These
ulse sequences provide differential signal intensity
ith respect to extant joint fluid and articular cartilage

nd yield an arthrogram-like effect.28,29,31 An added
enefit of proton-density and T2-weighted FSE pulse
equences is that other intra-articular structures can be
eadily evaluated. Such is not necessarily the case
ith other dedicated articular cartilage pulse se-
uences, such as fat-suppressed 3-D spoiled GRE.
maging with a 1.5-Tesla magnet and a dedicated
houlder coil is sufficient for most clinical scenarios.28

inally, although direct MR arthrography increases
he contrast between joint fluid and articular cartilage
ver that observed with traditional pulse sequences, it
s unclear whether any advantage is provided in terms
f sensitivity, specificity, or predictive value over
urrent dedicated cartilage pulse sequences.28,30-33

hen examined specifically with reference to the
lenohumeral joint, sensitivity and specificity for di-
ect MR arthrogram detection of humeral and glenoid
artilage lesions have been reported as 76.5%/69%
nd 75%/64.5%, respectively.17

MRI also provides useful information about OCD
esions of the humeral head and glenoid. Lesion sta-
ility is one of the most important factors to define
hen evaluating OCD, and De Smet et al. reported
7% sensitivity and 100% specificity when using T2-
eighted FSE pulse sequences to determine lesion

tability.34

Even with the use of specialized cartilage sequences
nd arthrography, MRI has not yet achieved the same
ensitivity or positive predictive value as direct visu-
lization, and arthroscopic evaluation remains the
old standard for examination of the glenohumeral
rticular surface.30,31 Unlike imaging studies, arthro-
copic examination provides both direct visual and
actile data. Inspection should include visualization
rom both anterior and posterior portals because the
phericity of the humeral head precludes comprehen-
ive inspection from a single viewpoint. The elbow of
standard arthroscopic probe can be used to palpate

he defect and surrounding cartilage and delineate the

argins of the defect, including transition zones that
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1135NONARTHROPLASTY TREATMENT
ay not be obvious during routine visual inspection.
calibrated probe with laser marks at 3 to 5 mm

ntervals can be used to measure the dimensions of the
efect.
There are several normal anatomic findings in the

lenohumeral joint that can be confused with articular
artilage defects. The glenoid cartilage is thinnest at
ts center, and the appearance of this central area, or
bare spot,” can be mistaken for a cartilage defect (Fig
A). The “bare area” of the humeral head is an area
evoid of cartilage from the infraspinatus tendon to
he articular margin and, like the glenoid bare spot,
epresents a normal anatomic finding (Fig 3B). The
umeral bare area should not be confused with a
ill-Sachs lesion, which is located in a similar region
f the humeral head, but is bound by articular cartilage
n both the medial and lateral sides.

NONOPERATIVE TREATMENT

Nonoperative treatment such as nutritional supple-
entation (e.g., chondroitan/glucosamine sulfate)

onsteroidal anti-inflammatory medications, physical
herapy, and corticosteroid injections may be success-
ul in palliating a patient’s symptoms, and represents
he first line of treatment. The use of intra-articular
iscosupplementation in the glenohumeral joint re-
ains investigational.
Physical therapy can be successful in alleviating

ain and increasing function, particularly in patients
ith minimal radiographic findings and whose pain is

oupled with weakness and motion loss. Specific ex-

IGURE 3. (A) Arthroscopic image of normal, central “bare spot”
ead.
rcises should focus on scapulothoracic mobilization
nd strengthening, as well as glenohumeral capsular
tretching and rotator cuff strengthening. Furthermore,
atients who complain of functional limitations not
ssociated with pain can benefit greatly from occupa-
ional therapy in order to learn adaptive approaches to
ressing, personal hygiene, and other basic activities.
Intra-articular or subacromial injections of cortico-

teroid can serve both diagnostic and therapeutic pur-
oses. Corticosteroid injections are particularly effi-
acious in low-demand patients with inflammatory
rthropathies, and in these patients may represent an
qually therapeutic and more cost-effective treatment
ption than physical therapy.35 Patients with symp-
oms arising from osteoarthritis may also derive ben-
fit from selective corticosteroid injection, but dura-
ion of symptomatic relief is unpredictable. However,
n young, high-demand individuals with known chon-
ral defects of the glenohumeral joint, serious consid-
ration should be given to definitive, surgical treat-
ent options rather than temporizing treatments such

s local injection of corticosteroid.

SURGICAL TREATMENT

The mere presence of a chondral lesion does not
ndicate the need for operative treatment. The pa-
ient’s complaints must be consistent with the nature
nd location of the lesion. The symptomatic lesion,
dentified by imaging studies or arthroscopic exami-
ation in a patient without concomitant pathology to
xplain the patient’s complaints, is the lesion that
erits serious consideration for surgical treatment.

lenoid. (B) Image of normal, posterolateral “bare area” of humeral
The nature of the lesion dictates the treatment strat-
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1136 L. P. MCCARTY III AND B. J. COLE
gy. For example, in the experience of the authors, a
arge, uncontained defect may be best approached with a
resh osteochondral allograft, whereas a smaller, con-
ained defect may be addressed using marrow stimula-
ion techniques such as microfracture or autologous
hondrocyte implantation (ACI). Deeper defects, involv-
ng loss of the subchondral plate may be best addressed
ith reconstitution of bone stock using osteochondral

utograft or allograft transfer. Furthermore, the pa-
ient’s age and functional status must be factored into
he treatment algorithm. For example, the low-demand
atient with a focal, symptomatic lesion may respond
ell to arthroscopic lavage and debridement. We have
eveloped a treatment algorithm that is likely to
volve over the next decade as long-term outcomes
ecome available and permit more rigorous, evidence-
ased decision making (Fig 4).
The authors classify current nonarthroplasty options

or the treatment of symptomatic cartilage lesions of
he glenohumeral joint into 5 major categories: pallia-
ive, primary repair, reparative, restorative, or recon-
tructive. Palliative treatment aims to alleviate symp-
oms and typically involves arthroscopic lavage and
ebridement. Primary repair involves restoring a pa-
ient’s native cartilage to its premorbid condition, typ-
cally by fixation of a loose osteochondral fragment.
eparative strategies attempt to stimulate formation of
brocartilage as reparative tissue to fill a defect, and
pecific techniques include abrasion chondroplasty,

IGURE 4. Flow diagram representing our current approach to
reatment of glenohumeral cartilage lesions. “Incidental” refers to
he case in which separate pathology is identified that explains fully
he patient’s signs and symptoms. (GH, glenohumeral; MST, mar-
ow-stimulation technique; OATS, osteochondral autologous trans-
er; ACI, autologous chondrocyte implantation; OC, osteochon-
ral.)
rilling, and microfracture. Restorative treatments re- r
lace the defect with hyaline or hyaline-like cartilage
hrough osteochondral autograft or allograft transplan-
ation or ACI. The use of massive allografts or bio-
ogic interpositional–prosthetic composites are recon-
tructive options that are typically reserved for bipolar
artilage lesions or unipolar lesions involving most of
he articular surface.

alliative Treatment

The ideal candidate for these types of procedures is
low-demand individual with shoulder pain resulting

rom glenohumeral cartilage pathology and who is not
good candidate for total shoulder arthroplasty or
ho does not want to accept the limitations that ac-

ompany it. Other patients who may benefit from
alliative treatment (including capsular release) are
hose with significant degenerative changes associated
ith capsular contracture.36 Arthroscopic capsular re-

ease is performed as indicated using any of a variety
f previously described techniques.37-39

Palliative treatment consists primarily of arthro-
copic lavage and debridement and seeks to amelio-
ate symptoms by improving the intra-articular
echanical and biologic milieu.40 Arthroscopic de-

ridement involves removal of chondral flaps and
oose bodies. Debridement down to stable cartilage
an be accomplished with a combination of motorized
havers and arthroscopic curettes. In the case of grade
V lesions, the same combination can be used to create

stable, vertical transition zone between the defect
nd surrounding cartilage. The natural history of car-
ilage lesions as a function of the transition zone has
een studied in a canine model, in which Rudd and
olleagues41 showed that experimentally generated
artilage lesions with beveled edges progressed in
everity more rapidly than those with vertical edges.41

Symptomatic relief can often be achieved in these
ases, but is typically incomplete and transient in
ature.16,36,42 Patients should be educated preopera-
ively so that expectations are realistic. Reports in the
iterature cite 80% good or excellent results from
rthroscopic debridement over relatively short periods
f follow-up.36,42,43 Cameron et al. reported on a series
f 61 patients with grade IV glenohumeral chondro-
alacia treated with arthroscopic debridement36; 36%

lso underwent arthroscopic capsular release and 48%
nderwent concomitant arthroscopic procedures other
han capsular release. Eighty-eight percent experi-
nced significant pain relief with an average duration
f 28 months. Time to maximum pain relief was

eported as 11 weeks.
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1137NONARTHROPLASTY TREATMENT
Safran and Baillargeon presented a series of 18
atients with a mean age of 64 years with grade IV
lenohumeral chondromalacia.43 All patients under-
ent arthroscopic debridement and subacromial bur-

ectomy without decompression or other concomitant
rocedures; 78% reported significant pain relief at an
verage follow-up of 24 months.

Weinstein et al. reported 78% good or excellent
esults in a cohort of 27 patients with a mean age of 47
ears and with a mean follow-up of 30 months.42

atients underwent arthroscopic debridement and sub-
cromial space bursectomy without decompression or
ther concomitant procedures. Within the group with
nsatisfactory results, all patients experienced some
egree of pain relief for a minimum of 8 months.

rimary Repair

OCD of the glenohumeral joint appears only in
solated case reports in the literature, making it diffi-
ult to establish a shoulder-specific algorithm.19-23

rinciples applied to treatment of OCD in the knee,
owever, can be extrapolated to the shoulder, as the
nderlying pathophysiology is likely the same. Le-
ions that have been identified as being unstable by
ither MRI or arthroscopic examination, but that re-
ain attached, should be fixed in situ with either a

ariable-pitch compression screw or small-diameter
ag screw, in addition to being treated with a marrow-
timulation technique such as microfracture to pro-
oke healing across the subchondral plate.44 Lesions
hat are partially detached may require elevation, cu-
ettage, and autogenous bone grafting followed by
xation. Chronic OCD lesions in which the overlying
steochondral flap is completely detached may not be
andidates for primary repair and may be best treated
ith removal of loose bodies and either a palliative,

estorative, or reconstructive procedure depending on
ymptom severity and the size and depth of the lesion.

eparative Treatment

Reparative strategies seek to resurface a defect with
brocartilage using 1 of several marrow-stimulation

echniques: abrasion chondroplasty, drilling, or micro-
racture. Microfracture was popularized initially by
teadman et al.44 to treat cartilage lesions in the knee
nd is the authors’ preferred marrow-stimulation tech-
ique. Good results have been reported with the use of
icrofracture to address chondral injury in the knee,

nd the theoretical risk of thermal damage that can
esult from mechanical drilling is avoided.44 For con-

ained, focal, superficial defects in active patients, n
icrofracture represents an appropriate first-line ther-
py, and does not compromise future restorative or
econstructive options. Osteochondral defects in
hich the subchondral plate has been violated and
here there is bone in addition to cartilage loss are not

deal candidates for reparative techniques.
The operative technique of microfracture for treat-
ent of glenohumeral cartilage lesions is the same as

hat described for treatment of lesions in the knee.
riefly, using a combination of motorized shavers and
rthroscopic curettes, the lesion is debrided down to
alcified cartilage, and vertical walls are established.
pecially designed awls are then used to penetrate the
ubchondral plate at points 2 to 3 mm apart, creating
xit points for marrow elements (Fig 5). The defect
hen captures escaping mesenchymal elements, per-
itting formation of a fibrin scaffold and gradual

eplacement by fibrocartilage.
The authors are unaware of any peer-reviewed, pub-

ished reports of series of patients with glenohumeral
artilage defects treated exclusively with microfrac-
ure. Siebold and colleagues reported on a series of 5
atients treated with microfracture in combination
ith periosteal flap coverage.45 All patients had grade

V cartilage lesions of the humeral head, and all ex-
erienced significant pain relief and increased func-
ionality postoperatively, with a mean follow-up of
5 months.

estorative Treatment

Restorative treatment options restore a defect to

IGURE 5. Arthroscopic image of full-thickness chondral lesion
f posterior aspect of humeral head after debridement and micro-
racture.
ear-normal status by either transfer of hyaline carti-
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1138 L. P. MCCARTY III AND B. J. COLE
age using osteochondral autograft or allograft plugs,
r by growth of hyaline-like cartilage through ACI.
hese options entail significantly greater surgical mor-
idity than arthroscopic palliative or reparative mo-
alities. At present, both osteochondral and chondro-
yte transplantation require shoulder arthrotomy.
urther, chondrocyte and autograft transplantation

echniques demand separate surgical procedures at the
nee with attendant morbidity and risk of complica-
ion. The ideal candidate for a restorative procedure,
herefore, is a young, active individual with an iso-
ated, focal cartilage defect of the humerus or glenoid
ho has failed nonoperative and reparative treat-
ents.
Osteochondral autograft transfer has been used ex-

ensively for lesions within the knee and talus, and
esults have in general been excellent.46-48 One advan-
age shared by both autograft and allograft transfer is
he capacity to restore both osseous and chondral
eficiencies. One distinct disadvantage of autologous
ransfer is donor-site morbidity. There are marked
imitations in quantity of transferable tissue and the
orbidity of the procedure increases with the amount

f tissue harvested.
Scheibel et al. recently reported on a series of 8

uch osteochondral autologous transfers for focal
rade IV chondral lesions of the humeral head.49 All
efects were traumatic in origin. At a mean follow-up
f 32.6 months, 6 patients were free of pain, and the 2
emaining patients reported a significant reduction in
ain. Postoperative MRI revealed excellent graft in-
orporation and congruent articular surfaces in all but
patient. One patient suffered recurrent effusions in

he donor knee and required 2 additional arthroscopic
rocedures for debridement.
Osteochondral allograft transfer follows a similar

rotocol, matching a donor plug to a recipient site, but
ithout the limitations on transferable tissue imposed
y donor-site morbidity. Consequently, allograft
ransfer can be used for cases of more extensive de-
ects than can be treated effectively by autograft trans-
er. Grafts are side- and size-matched preoperatively,
nd fresh or prolonged-fresh grafts (maintained cold
ith regular medium change for no more than 28
ays) are used exclusively. Pulsatile lavage of the
raft is used to minimize the graft’s immunogenic
oad. Fixation can be achieved either through press-fit,
sing specially designed instrumentation originally
eveloped for fashioning allograft plugs for the knee
Arthrex, Naples, FL), or with the use of bioabsorb-
ble pins or compression screws.
The published experience with the use of allografts t
or cartilage lesions in the shoulder is limited to case
eports.50-52 Gerber and Lambert53 reported on a series
f 4 patients with chronic posterior dislocations and
artilage lesions involving more than 40% of the hu-
eral head who were treated with osteochondral al-

ografts. Cryopreserved femoral head allografts were
sed in 3 cases and a fresh autoclaved femoral head in
case. At an average follow-up of 68 months, 3 of the
patients had little or no pain, and the fourth patient

eveloped pain 60 months after the reconstructive
rocedure secondary to osteonecrosis of the remaining
ative humeral head.
Yagishita and Thomas25 reported the case of a 69-

ear old man with a chronic anterior dislocation of the
umeral head and a large Hill-Sachs lesion measuring
� 2.5 � 2 cm, treated with a preserved frozen

emoral head allograft.25 At 2 years follow-up, the
atient had no complaint of pain and had motion
quivalent to that of the uninvolved shoulder.

Miniaci and Gish reported on a series of 18 patients
ith recurrent anterior instability and large Hill-Sachs

esions (�25% of the humeral head).54 Side- and
ize-matched fresh-frozen osteoarticular humeral head
llografts were used to fill the defects. With minimum
-year follow-up, there were no episodes of recurrent
nstability and significant improvement was seen in
he Western Ontario Shoulder Instability Index.

Use of ACI in the glenohumeral joint is considered
o be investigational and experience is very limited in
his application. The technique requires a minimum of

operations, but the harvest entails minimal donor-
ite morbidity. Although long-term results are still
ending, short and midterm results for cartilage de-
ects in the knee have been excellent.55,56 With respect
o the shoulder, Romeo et al.57 recently published the
eport of a 16 year-old baseball player who developed
focal defect of the humeral head following arthro-

copic capsulorrhaphy using a radiofrequency device.
he standard ACI technique was used with harvest of

he periosteal graft from the usual location on the
roximal tibia. At the 1-year follow-up, the patient
ad full, painless range of motion.

econstructive Treatment

Reconstructive treatment modalities provide either
iologic, prosthetic, or combination coverage of either
he humeral head, glenoid, or both, in an attempt to
estore durable functionality to the glenohumeral
oint. Furthermore, unlike the treatment strategies dis-
ussed thus far, reconstructive options often constitute

he final attempt at joint salvage and, once performed,
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ften preclude further intervention short of total shoul-
er arthroplasty. Consequently, only young, active
atients with extensive unipolar or bipolar disease and
or whom the risk of glenoid loosening and difficulty
f revision surgery are considered to be unacceptable
re indicated for these procedures.

Specific solutions include focal prosthetic resurfac-
ng (HemiCAP, Arthrosurface, Franklin, MA), mas-
ive humeral head allograft, soft-tissue interposition in
he form of fascia lata autograft, allograft tendon (e.g.,
chilles), porcine small intestine submucosa (DePuy
rthopaedics, Warsaw, IN), or lateral meniscal allo-
rafts.58 Experience with these techniques is largely
elegated to a few centers, published data regarding
ong-term outcomes is scarce, and one may therefore
onsider these solutions to be investigational in na-
ure.

Clinical results following use of biologic interposi-
ional-prosthetic composites are limited. In a small,
ncontrolled study, Burkhead and Hutton58 reported
n 6 patients treated with humeral hemiarthroplasty
nd biologic resurfacing of the glenoid using either
nterior capsule or autogenous fascia lata. All patients
ere young and active and the majority had glenohu-
eral arthritis that was post-traumatic in nature. With
inimum 2-year follow-up, good or excellent results

IGURE 6. A prepared lateral meniscal allograft. The anterior and
osterior horns have been sutured together with a 2- to 3-mm
verlap using 2 No. 2 nonabsorbable sutures.
ere reported in all patients using Neer’s rating scale,
F
m

nd all patients were able to return to premorbid
ctivities, including firefighting and other heavy work.

Krishnan et al.59 reported on the use of humeral
emiarthroplasty combined with biologic resurfacing
f both the glenoid and acromion in a series of 14
ow-demand patients with painful, end-stage rotator
uff tear arthropathy. An Achilles tendon allograft
as used for resurfacing of the glenoid and acromion.
t 2-year minimum follow-up, 92% of patients had
ood or excellent results using Neer’s rating scale and
ad little or no pain postoperatively.
A biomechanical, cadaveric study has determined

hat the glenohumeral joint experiences significant
eductions in contact forces with interposition of a
ateral meniscal allografts (Creighton, Cole, et al.,
npublished data). This should not be confused with a
rocedure analogous to labral replacement, but rather
soft-tissue implant designed to create a more hospi-

able environment and reduce glenohumeral contact
orces. Patient candidates must understand that these
rocedures seek to restore functionality and decrease
ain, but do not result in a normal joint.
At our institution, 25 patients have been treated
ith the use of a biologic interpositional-prosthetic

omposite consisting of standard uncemented humeral
emiarthroplasty in combination with lateral meniscal
llografts resurfacing of the glenoid. All patients
reated have been active, high-demand individuals
ith bipolar glenohumeral disease (Figs 6 and 7). In 1

ase, a massive humeral head allograft rather than
IGURE 7. Sutures placed circumferentially around the lateral
eniscal allograft to permit secure fixation to the glenoid.
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onventional humeral hemiarthroplasty was used in
ombination with a lateral meniscal allograft to the
lenoid. With limited follow-up, most patients have
njoyed dramatic pain relief with significant restora-
ion of functionality. Two failures have occurred, 1
as after 4 months caused by trauma, and the other at
0 months after reconstruction resulting from inade-
uate pain relief.
Despite the conceptual attractiveness of a biologic

esurfacing solution to the chondrolytic or osteoar-
hritic shoulder in young, high-demand individuals, it
ust be stressed that these procedures will remain

nvestigational until further study can evaluate their
ffectiveness. They should be considered as salvage
rocedures in an individual for whom traditional total
houlder arthroplasty is not a feasible option.

POSTOPERATIVE REHABILITATION

Postoperative rehabilitation can play an important
ole in the success of these procedures. Patients who
ave undergone isolated arthroscopic debridement
ypically follow a simple rehabilitation protocol with
eneral strengthening and range-of-motion exercises
n a supervised setting. If a capsular release is per-
ormed in conjunction with arthroscopic debridement,
he rehabilitation protocol becomes more specific, and
atients receive daily, supervised outpatient physical
herapy for 2 weeks, followed by 6 to 8 weeks of
herapy at a frequency of 3 times weekly.

In cases of microfracture, osteochondral transplan-
ation, or ACI, patients perform at least 600 cycles of
endulum exercises daily, starting on the first postop-
rative day and continuing for 6 weeks. With respect
o microfracture, a recent primate study found that
brocartilage does not reach a significant degree of
aturity until 12 weeks postoperatively, and future

ehabilitation protocols may therefore require longer
eriods of protected motion.60 Nevertheless, our cur-
ent rehabilitation protocol for microfracture and other
artilage procedures incorporates active range-of-mo-
ion exercises starting at 6 weeks. For procedures that
equired transection and repair of the subscapularis
endon, we avoid resisted internal rotation and exter-
al rotation beyond the range determined to be safe
ntraoperatively for 12 weeks. Depending on their
rogression through rehabilitation, most patients are
leared for unrestricted activity at 6 months. However,
atients who undergo ACI may require up to 12
onths of recovery before being cleared for return to

igh-level activities. Education on the extended nature

f rehabilitation and recovery involved in cartilage
rocedures should be provided preoperatively to es-
ablish realistic patient expectations with respect to
eturn to activity.

CONCLUSIONS

Successful treatment of glenohumeral cartilage in-
ury entails a number of challenges. Identification of a
hondral lesion as the source of a patient’s complaints
ay be difficult. A detailed history and physical ex-

mination are necessary, but often not sufficient for
his purpose, and imaging modalities such as MRI
ith specialized pulse sequences are typically re-
uired.61 Arthroscopy remains the gold standard for
valuating lesion dimensions. Treatment of chondral
esions in the glenohumeral joint depends on multiple
atient-based and pathology-based factors, including
atient age, expectations, and activity level, as well as
esion area, depth, and location within the joint. Select
ow-demand individuals may respond well to nonop-
rative or palliative operative modalities, but high-
emand patients require more sophisticated surgical
trategies that address cartilage injury using repara-
ive, restorative, or reconstructive techniques. One
ust also recognize that use of many of these tech-

iques awaits substantiation by well-designed out-
omes studies. Both the basic science and practical
pplications of cartilage repair technology will remain
reas where intense research efforts are focused.
reatment recommendations will likely evolve as
ore evidence regarding the clinical efficacy of these

rocedures becomes available.
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