4

Cartilage Injuries in the Shoulder

JEFF A, FOX, BRIAN J. COLE, TAMARA K. PYLAWKA,
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Localized articular cartilage lesions of the gleno-
humeral joint in young athletes are a rare occurrence
and are generally well tolerated, When symptomaric,
however, they can be quite painful and limiting. Trear-
ment recommendations remain difficult because there
is little information to glean from our experience or
from the literature to guide the decision-making
process. Clearly, some analogies can be extrapolated
from a relatively mature treatment algorithm used to
treat chondral injury of the knee.'™ Ar this juncture,
however, the application of existing and emerging tech-
nologies is largely aneedotal or relegated to case
reports. This chapter provides the orthopaedic surgeon
with guidance in wreating these problems by summariz-
ing the information available on this topic, and dis-
cusses how contemporary treatment in other joints may
be applicable to the glenohumeral joint. This chapter
does not address degenerative arthritis as seen in older
individuals,

m Classification and Etiology

There is no classilication scheme designed specifically o
describe articular cartilage lesions in the shoulder. The
Outerbridge system” is one classification system com-
monly used in the knee and is acceptable for use in the
shoulder as a tool to describe the general appearance of a
chondral lesion. Grade 0 is normal cartilage, grade [ is ar-
ticular cartilage soltening, grade IT is fibrillation invelving
half the depth of the articular surface, grade 111 is Gssur-

ing involving more than hall the depth of the articular
surface, and grade IV is full-thickness loss reaching 1o or
through the subchondral bone, Qther factors such as
location (glenoid or humerus), position (central or pe-
ripheral), size, degree of containment, depth (chondral
or osteochondral), etiology (avascular necrosis, localized
degenerative or posttraumatic), and defects that develop
following surgical intervention (i.e., shoulder stabiliza-
tion) also factor into the decision-making process and
I)lﬂ\'idf el COTImenn ]H.I'I.g_'lla'.-lg{" ({8 fﬂmmllﬂimlf tl“_" nature
of these lesions,

s Incidence

The incidence of articular cartilage lesions i the shoul-
der is unknown. Due to issues related o impact loading
and weight bearing, one would expect it to occur less
frequently than in the knee joint. It is probable that
articular cartilage lesions of the glenohumeral joint are
more likely to remain asymptomatic and quiescent rela-
tive to their counterparts that oceur in the knee and
therefore are more likely to remain unrecognized clini-
cally. The authors believe that the incidence of these
lesions in the knee is at best considered a worse-case
scenario of what might be occwrring in the shoulder.
Curl et al” reviewed 31,516 knee arthroscopies. They
reported on the incidence of grade TIT lesions (41%)
and grade IV lesions (19%). In patients less than 40
vears of age, the incidence of grade IV lesions was only
5%. Hjelle et al” performed a prospective study
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218 SECTIONV = Joint-Specific Treatmant

consisting of 1000 patients and similarly found a 5%
incidence of grades 111 and IV chondral defecrs, Ir
must be understood that only a small percentage of
these lesions were clinically symptomatic requiring
rreatment.

One small study using magnene resonance arthrography
(MRA} found glenahumeral cartilage lesions in up 1o one
third of patients.” Some studies describe the incidence of
chondral injury in association with specific pathology. In a
cadaveric study, Hsu et al” demonstrated that the area of
arncular cartilage damage o the glenoid and humeral
head in specimens with associated rotator cuft tears was
32% and 36%, respectively. This compared with 6% in the
glenoid and 7% in the humeral head in specimens without
rotator cull tears. The location of the degeneration tended
to be in the anterivinferior glenoid and posterior humeral
head, and the degree of damage in the glenoid was corre-
lated with that of the humeral head. Gartsman and Tav-
erna'” identificd only nine significant cartilage lesions
(grade 1V} in 200 arthroscopies (4.5%) in association with
full-thickness rotator cuff tears as incidental intraarticular
abnormalities at the time of rotator culf repair.

The incidence of chondral injury in patients with
shoulder instability is well documented. Recently,
Werner et al'' demonstrated that patients with trau-
matic and arraumatic shoulder instability who came o
surgery had approximately an 80% incidence of Hill-
Sachs lesions in addition to chondral damage of the
glenoid in many instances. Typically, in patients with
atraumatic shoulder instability who respond to therapy,
the incidence of Hill-Sachs lesions is significantly lower
compared with patients with tvaumatically induced
shoulder instability. In first-time traumatic dislocators,
Taylor and Arciera'® reported that 90% of the patients
had a Hill-Sachs lesion, with 40% classified as a chondral
lesion and 60% classified as an osteochondral lesion. In
a large retrospective review published by Cameron et
al," the extent and presence of grade 11 and IV dam-
age was associated with the time from injury to surgery.
Patients with glenohumeral chondral damage were also
significantly older than those without chondral damage
(34.9 years versus 29.6 years). Hintermann and
Gachter' reported a 23% incidence of glenoid and 8%
mncidence of humeral head degenerative arthritis in pa-
tients who sustained only one dislocation. This com-
pared with a 36% incidence of humeral head and 27%
incidence of glenoid degenerative arthritis in patients
who sustained two or more dislocations.

The natural history of these lesions with or without
associated pathology is completely unknown. The senior
author (B.].C..) believes that most chondral and osteo-
chondral injuries of the glenohumeral joint are well
tolerated. However, once they become symplomitic,
they are unlikely to revert back to a quiescent stae
without effective treatment.

m Patient Evaluation

A thorough history and physical examination is the
first step in the decision-making process, The mecha-
nism of injury and the chronicity of the symptoms are
the initial factors determining the etiology of the pa-
tient's symptoms. A history of direct shoulder trauma,
traumaric or araumatic glenohumeral instability, or
previous inuaarticular surgery is a relevant 1ssue 1o -ex-
plore. Patients may complain of mechanical symptoms,
aching that may vary with barometric pressure change,
discomlort at night, difficulty sleeping on the aftected
side, and pain with glenochumeral motion during activi-
ties of daily living. It is important thar the surgeon ob-
tain a realistic appraisal of the quality and severity of
the patient’s symptoms and discuss with the patient to
what extent these symptoms interfere with daily activi-
ties as well as with higher level demands such as recre-
ational or competitive sports. More than any other vari-
able, managing patient expectations is critical to the
ultimate success of the intervention chosen.

Physical examination includes assessment for atrophy,
active and passive motion, scapulothoracic dyskinesis,
stability testing, special testing to assess for labral pathol-
ogy, and compression-rotation testing to assess for me-
chanical symptoms and pain, Unlike patients with os-
teoarthritis, these patients rarely have significant
limitations in passive and active motion. The presence
of motion loss is consistent with soft tissue contractures.
Obvious cofactors, such as instability, superior labral
anterior o posterior (SLAP) tears, and rotator cufl
pathology, are usually apparent due to the patient's his-
tory and classic findings on examination,

Plain radiographs should be obtained consisting of a
true anteroposterior, scapular-Y view, and an axillary view.
Additional views such as the West Point axillary view,
Stryker notch view, and supraspinatus outlet view facili-
Lite more precise anatomic delineation. We commonly
request magnetic resonance imaging (MRI) o evaluate
the articular surface and to evaluate for any other intraar-
ticular abnormalities. Carroll et al'® have reported on
MRI's use in detecting articular cartilage lesions on the
humerus. The sensitiviy varied between radiologists rang-
ing from 53 to 100%, and the specificity ranged from 51
to 87%.% Unfortmnately, lesions can be missed by MRI as
was demonstrated by Cameron et al,'® where 45% of
grade IV chondral lesions had no radiographic (MRI or
plain radiographs) evidence preoperatively.

The same techniques used to identify chondral
injuries in the knee are useful for the glenohumeral
Joint. Standard pulse sequences for articular cartilage
frequently include a T2-weighted image with or without
fat suppression and a Tl-weighted farsuppressed three-
dimensional spoiled gradient-echo technigue. These
protwcols benefit from the arthrogram-producing effect



FIGURE 201 Axial-oblique T2-weighted magnetic resonance
imaging (MRI) demonstrating significant articular cartilage loss
imvolving primarily the humaral head with some subchondral
cystic changes evident.

ol the differential signal intensity on the joint Muid,
which highlights irregularity or defects of the joint
surface. On the Tl-weighted images, cartilage is highes
in signal intensity than joint Auid; the reverse is true for
the T2-weighted images (Fig. 20-1)."-*" A computed
tomography (CT) scan is useful in situations where a
signilicant osteachondral defect exists such as that fol-
lowing posttraumatic instability (Fig. 20-2).

It is not uncommon for patients in this age g oup
(i.c., less than 40) o have concomitant pathology in
addition to their chondral injury. Most commonly, these
lesions are associated with a history of waumatic shoul-
der instability, SLAP rears. and rotator cuff pathology.
Addressing these cofactors first with tradinonal treat-
ment modalities is prudent, as it is likely that the associ-
ated chondral mjury is nothing more than an incidenal
finding that will remain asymptomatic. However, the pa
tient’s symptom complex and history may provide an in-
dication preoperanvely 1o consider at least some form of
initial treatment of these lesions (ie., debridement,

FIGURE 20-2 Computed tomography (CT) scan of a patient
with a postarior fracture-dislocation involving the majority of
the humeral head.
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FIGURE 20-3 Arthroscopic view of a normal glenoid demon-
strating the central-most portion to be nearly devoid of
articular cartilage.

marrow stimulation) at the ome when the paticnt’s |”-|'-
mary |mt|ml-::g§' 18 acldressed.

Arthroscopic evaluation of chondral injury is the most
useful determinate as these lesions are generally oecult
when documented at the time of index treatment. The
lesion iself must be carelully defined. Generally, the cen-
tral portion of the glenoid is normally quite thin and
may actually be translucent o the exient that subehon-
dral hone is exposed (Fig. 20-3). It is also important 1o
avoid confusing the bare area of the humeral head
(Fig. 20—4) with a chondral lesion. This is an area of bare
bone with remnants of old vascular channels, This area is
juxtaposed with the rottor cuff insertion and completely
devoid of cartilage on its most lateral extent. This bare

FIGURE 20-4 Arthroscopic view of the normal bare area of
the humeral head.
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area also correlates with the attachment of the infra-
spinatus tendon and can be used as a landmark i rota-
o el surgery w align the infraspinatus to i footprint

Finally, the topography of the articular cartilage thick-
ness of the humeral head has been studied by the
authors in our laboratory and demonstrates mean thick-
ness that ranges from (1.6 o 1.2 mm. The cartilage is
thicker centrally and thins toward the periphery®!
Although important, at this juncture, this linding has
indeterminate significinee when deeiding on which
wreatment option is ultimately implemented,

Visualizing the lesion from opposite portals and dur-
ing arm positoning facilitates a comprehensive evalua-
tion of the delect, which is otherwise ditficult to
perform from a single portal due (o the sphervical nature
of the humeral head. Palpanng the lesion with a probe
is important as the extent of the delect typically is be-
yoned visible areas of exposed bone and should be
documented to include any degenerared margins ar the
transition zone adjacent to healthy appearing cartilage.
Measuring the lesion with a probe tip of specific length
or a graduated instrument provides sizing to determing
the surface area and depth of the defect

= Nonoperative Treatment

As with any shoulder pathology, conservative treatment
15 initially justificd and should include nonsteroidal anti-
inflammatory medications, physical therapy, gleno-
humeral steroid injections, and consideration for
injectable viscosupplementation with hyaluronic acid
compounds. I'hysical therapy should emphasize scapu-
lothoracic and glenohumeral stwrengthening. Often,
these patients have non-outlet or secondary impinge-
ment due to abnormal scapulothoracic kinemarics. This
can be predictably improved on with appropriate reha-
hilitation, Stevoid injections may be appropriate, but we
do not favor repeated use in vounger patients, Matents
typically become symplomatic once they resume physi-
cal actvities, Finally, viscosupplementation, although
currently approved for use in the knee, is considered for
offFlabel usage in the shoulder and must be performed
with explicit parient informed consent. The use of visco-
supplementation is a promising alternative tor patents
with overt glenohumeral arthritis and is the subject of
prospective study. However, similar 1o steroid injections,
we rarely use this in the vounger patient population with
localized chondral discase,

m Operative Treatment

Virtually any cartilage restoration option used in the
knee can be applied to the glenohumeral joine.** There
is 4 teaunent continuwm o consider when deciding

which procedure to perform. The nuture of these treat-
ment options can be subcategorized into primary treat-
ment, palliative treatment, reparative treatment, and
restorative treatment. Primary trearment consists of re-
pair of the cartilage. Palliative treatment consists of
arthroscopic lavage and  debridement.  Reparative
treatment consists of marrow somulanon echniques
{(abrasion, drilling or microfracture). Restorative options
include osteochondral grafting (autogralt and fresh allo-
graft) and auologous chondracyte implantaton.

Decision Making

The decision making must take into account several fac-
tors, Treating abvious comorbidities first is essential, as
most defects do not manifest in symproms following
repair of associated pathology such as rotator cuff tears,
SLAP tears, or the pathoanatomy associated with insta-
bility. Initially, the presence of symptoms, not the mere
identification or knowledge of an existing defect, must
guide the decision o implement one of the treatment
alternatives. Knowledge of previous treatments pro-
vided, the rehabilitation performed postoperatively, and
the patient’s respanse to this treatment facilitates deci-
sion making, as repeating the same option again is intu-
itively less desirable, In addition, managing and match-
ing patient expectations must be considered in the
context of the magnitude of improvement that might be
expected with each treatment option.

Because the data available and our experience with
these lesions is relatively limited, we recommend that
mitial rrearmment aptions be limited (o those that will no
compromise the implementation of futre rrearment
options should they become necessary. In all situations,
associated stffness is managed with arthroscopic release
with gentle manipulation. An examination under
anesthesia enables the surgeon o ascertain the area ol
tightness and derermine which portion of the capsule
should be arthroscopically released. Subsequent deci-
sion making is implemented in the context of several
patient- and defectspecific Rictors,

Synthesizing the findings from the patient’s history,
symptoms, and findings on examination may help to
ascertain the exacr enology of the patient’s pain and
the subsequent level of treatment required. For exam-
ple, pain at the extremes of motion may be due 1o cap-
sular contracture and synovitis. Similarly, pain at rest
may indicate synovitis, These patients may respond
more Favorably to guided capsalar release and synovec-
tamy: Pain fram articular cartilage abnormalities more
commonly occurs in the midranges of motion and may
be associated with mechanieal symptoms and crepitus
made worse with loading of the glenohumeral joint,
These patients may require specilic attention to the ar-
neular cartilage defect to improve their function and
reduce their pain,



The magnitude of the patient’s symptoms is also a
consideration, as Orst-line teatment with delnidement
and lavage or microfracture may suffice in parients with
low-level symptoms or those who place relatively low
physical demands on their shoulder, Similarly, the mor-
bidiry of the operation may be a factor considered by
the patient in the decision making. Unlike autslogous
chondrocyte implantation, which requires a biopsy from
the knee (preferred by the senior author, B.J.C.), or os-
teochondral autografting, which also requires harvest-
ing of an osteochondral plug from the knee, fresh osteo-
chondral allograft rransplantation is a single-siage
procedure limited to the glenohumeral joint, which may
be preferable to some. Patients with large, uncontained
defects with subchondral bone loss, independent of age,
are excellent candidates for [resh osteochondeal allo-
graft transplantation. Patients with smaller eontained
superticial delects, especially when relatively voung, are
excellent  candidates for autologous  chondrocyte
implanmation.

Incidentally discovered delects that might be consid-
ered as a relative contributor to the patient’s symploms
may be addressed ar the same rime any associated
pathology is corrected (i.e., rotator cufl tears, SLAP
tears, and instability patterns) with a marrow stimulation
technique. Patients with deeper defects may mare com-
monly complain of mechanical symptoms, and therefore
will likely respond more favorably to solutions that can
restore articular congruity such as osteochondral grate-
ing. Smaller defects (i.e., less than 10 mm®) may be
amenable to ostecchondral awtograft transplantation,
and larger defects may be more amenable to fresh os-
teochondral allograft transplantation,

Superficial lesions or surface lesions with minimal
subchandral bone imvolvement, which fail firse-line
treatment using debridement and lavage or marrow
stimulation, especially in young patients, are considered
for revision with amtologous chondrocyte implantation,
The most difficult decision is for older patients with su-
perficial defects. Because of the morbidity of two surgi-
cal procedures and the prolonged rehabilitation re-
quired of autologous chondrocyte implantation, we
favor Fresh osteochondral allograft in this population
because if it fails, revision with arthroplasty is a plausible
alternative.

The most advanced scenario includes young and ac-
tive patients with opposing defects of the glenoid and
humerus (i.e., bipolar disease). Clearly, this is the most
challenging patient group and often requires salvage so-
lutions as alternatives to arthroplasty. In this population,
regaining motion is the first objective, and typically pa-
tients are managed initially with arthroscopic capsular
release, lavage and debridement, and possibly mi-
crofracture of exposed surfaces. Second-line treatment
aptions include biologic resurfacing with the posteriorly
reflected anterior shoulder capsule, soft tssue allogralts,
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porcine small intestine submucosa (S15), and meniscal
allografts. These solutions may improve the patient’s
function and reduce pain without compromising fumre
arthroplasty reconstruction,

m Primary Treatment

Chteochondral fraciures of the shoulder can occur fol-
lowing high-energy rauma and are most frequently seen
with fracture dislocations ol the shoulder (Fig. 20-2). In
relatively young patients, open reduction, frugment ele-
vation, bone grafting, and fixation are atempted if pos-
sible, We recommend intrartenlar fraciure fixation
with headless compression serews  (Acumed, Ine,
Beaverton, OR) that do not require removal.
Osteochondritis dissecans of the humeral head is a pare
condition with anly i few case series reported in the litera-
ture.”™ ™ It is not uncommonly seen in relatively active in
dividuals as the etiology is related to tauma with associ-
ared ischemia, althongh endocrine abnormalines, genenc
influences, and the presence of anomalous centers of ossi-
fcation have also been attributed o this '.':Ill.lll}-'.l'l"‘":{ Mt
commonly, it involves the humeras, bur rarely may involve
the glenoid. ™ It more commonly affects middle-aged and
young males and typically involves the anterosupenion as-
pect of the humeral head " Management may include
drilling, "™ drilling with (ragment removal,™ or primary
repair. Because of the risk for progressive degeneration
following Fragment removal, we recommend treatment
with debridement, microfiacture of the base, and primary
repair using screws or bivabsorbable pins (Fig. 20-5).

m Palliative Treatment

Lavage and debridement improve congruence and
remove debris and various enzymes and proteins such as
metalloproteinases associated with the pathogenesis of
arthrosis, The indications for arthroscopic lavage and
debridement is as a firstline treatment and the outcome
is technique and disease-level dependent. The principal
components of arthroscopic debridement may include
synovectomy, removal of loose bodies, and judicious use
of capsular release for moton loss. In additon, if preop-
crative and arthroscopic lindings implicate the subacro-
mial space as a source of pain, a formal subacromial
decompression should also be performed as supported
by earlier studies, ™!

The objectives for the management of chondral and
nsteochondral defecis include converting edges with

adual transition zones to those with vertical margins.
The basic science supporting this technigue was studied
by Rudd et al,” with the recommendations from this
investigation being widely accepted as a modality to
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manage cartilage defects of any joint. In a canine
maodel, humeral defects prepared with and without
heveling of the margins of articular cartilage defects
were compared over a 16week period. The authors
concluded that cartilage defects with beveled edges
were significantly larger than those with perpendicular
edges. In addition, chondral damage o the glenaid sur-

FIGURE 20-5 Radiographic series of a palient with osteochondritis
dissecans of the humeral head demonstraled on preoperative radi-
ograph (A) and MRI (B) treated successfully with drilling and bioah-
sarbable pin placement with demonstrable healing on postoparative
anteroposterior radiograph (C) obtained at 12 months.

face occurred more frequently opposite beveled detects
than opposing defects with vertical walls. Thus, if one
chooses to modily the delfect in any fashion, the com-
bined use of curettes, motorized shavers run in asingle
direction, and arthroscopic hand instruments can
change a gradual ransition zone from the defect o the
surrounding normal cartilage to one with a vertical wall



ol healthy articular cartilage. Intuitively, delects pre-
pared in this fashion should be better suited to share
load and provide relative protection o exposed sub-
chondral surfaces.

Thermal chondroplasty should be used with great cau-
tion. It can resulr inoa wide area of chondrocyie cell
death, which might atfect the subchondral bone, espe-
cially given the relatively thin articular surfaces of the
glenohumeral _jninr."2

Similar to the results lollowing arthroscopic lavage
and debridement in the knee, the literiure in the
shoulder largely consists of patents with glenohumeral
osteparthritis, and the resulis tend to be relatively
short-lived and incomplete.'**** The most relevant
study to date is that published recently by Cameron et
al.!" In this investigation of patients diagnosed with
shoulder instability, 61 patients with humeral or gle-
noid grade IV lesions were treated with arthroscopic
debridement and capsular release where necessary.
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Eighty-seven percent of the patients indicated that they
worild have the surgery again, Pain reliel was obtained
in 88% wirth a mean duration of pain relief of 28
months. Patients also demonstrated reductions in rest
pain, and pain during light and strenuous activities.
Negartive prognostic factors leading to the return of
pain and [ailure of the procedure included lesion size
of greater than 2 em®. This is analogous to the cutoff
used in the knee when lesion size is factored into the
treatment algorithm, '

Arthroscopic debridement of the glenohumeral joint
i3 a palliative measure that appears to be useful for
short-term pain relief in patients who present with coex-
isting pathology without gross mechanical symptoms
coming from the defect. The senior author (B.].C.)
most commonly uses arthroscopic debridement and
modilication of the lesion’s transition zone for inciden-
tal lesions that do not seem to be categorically associ-
ated with the patient’s symproms (Fig. 20-6).

FIGURE 206 Arthroscopic photographs of a 28-year-old man with a
focal chondral defect of the humeral head (A) treated with debride-
ment using a curette to create a lesion (B) with well-definad vertical
walls to facililate more efficient load sharing with the normal
surrounding articular cartilaga (C).
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m Reparative Techniques

Microfracture

Marrow stimulation involves penetration of the sub-
chondral bone by one of three methods: abrasion,
drilling, and microflracture, Microfracture, the author's
preferred technique, was initially popularized by Stead-
man et al* " and has been widely applied to the knee.
The technigue recently described by us for the trear-
ment of chondral defects of the knee is exactly what we
perform in the shoulder.™ ™ The basic steps include de-
bridement through the calcified layer ar the base of the
defect, establishing vertical walls at the transition zone
for reasons described previously, pencirating the base of
the defect with a specialized awl with holes spaced 2 1o 3
i apart, and atilizing specific postoperative rehabilita-
tion protocols.

The resultant tissue formed by the mesenchymal stem
cells and growth factors is fibrocartilage, which is similar
in appearance, but biomechanically inferior to hyaline
Cinl Lil'.ll.;i:'.”'*“'-J There are no chinical series of patients with
tocal chondral detects of the glenohumeral joint treated
with microfracture alone. Siebold e al*® recently re-

po ted on fve patients reated with a combination of

microfracture and periosteal [lap coverage at a mean
follow-up of 25.8 months. Clinically, there were signifi-
cant improvements in the Constant score and reduc-
rions in pain, Three patents underwent second-look

-‘l:l'lh:'um.'up} al an average of 8 months, all with an im-
proved appearance of the cartilage lesion.

The senior author (B.].C.) has performed microfrac-
ture of the glenohumeral joint in 10 patients with local-
izedd chondral defects of the glenohumeral joint
(Fig. 20-7). The average age of the patients was 28, Sixry
percent had humeral lesions, and 40% had glenaid le-
sions. Only two had kissing lesions. The average size of
the lesion was 2.0 cm™ None of the pratients had con-
comitant pathology. None were associated with instabil-
ity. Postoperanvely, these patients were treated with 4 to
ti weeks of pendulum exercises performed 600 nmes per
day to mimic continuous passive motion. In all patients,
there was a modest reduction in pain and improvements
in function, However, no patients had complete ¢limina-
tion of their symptoms that were present preaperatively,
and one patient is contemplating revision with a fresh
osteachondral allograft transplant of the humeral head,

Microfmcture of the glenohumeral joint is a measure
that leads to fibrocartilage repair tissue. Although it may
have some benefit in the knee, its usefulness in the shoul-
der is based on anecdomal implementation, with
mferences that the same biologic milieu will oecur in the
glenohumeral joint that has been demonserated in the
knee joint. Nevertheless, the authors recommend mi-
crofracture as a first-line reatment of superficial defecis
belicved o be associated with symproms even in the
setting where comorbidities are simultaneously cor-
rected. Revision with restorative options is unlikely to be

FIGURE 20-7 Arthrascopic photograph of an 18-year-old man with a
focal chondral defect of the humeral head (A) treated with defect
preparation and microfracture (B), leading to blood return emanating
fram the subchondral bone (C),



compromised [ollowing microfiacture, and it can be
performed entirely arthroscopically with very little mor-
bidity. Osteochondral defects and mechanical symptoms
are considered relative contraindications o microfracture,
48 these patients are unlikely to benelit, Practically speak-
ing, for the reasons mentioned previously, smaller well-
shouldered lesions should fare beter chnically than larger
imshouldered lesions with gradual ransidon zones.

m Restorative Techniques

Osteochondral Autograft

Several authors have validated success with osteochon-
dral autograft transplantation in the knee."™"* Intu-
itively, patients with smaller lesions (i, less than 1-1.5
v of the humerus who have demonstrated failure of
first-line treatment, including microlracture, may be
excellent candidates for this procedure. The advan-
tages include the ahiline to restore the glenohumeral
architecture with a viable "organ” of bone and cari-
lage with a single-stage procedure. Tt results in osseous
integration and preserves the articular cartilage tide-
mark. Practically, it is easiest to harvest a donor plug
fromm the lateral trochleq of the knee just proximal to
the sulcus terminalis, but it is also possible through fur-
ther research that a relatively noncontact donor site
may be present in an adjacent area of the humeral ar-
ticular surface. This could be accomplished arthro-
scopically, but defect location might also warrant a
formal arthrotomy, Laszlo Hangody (personal commu-
nication, 2003) has performed this procedure in two
patients, each with an osteochondral lesion of the pos-
terior surface of the humerus, The grafts were har-
vested arthroscopically from the knee. In a unique ap-
plication of osteochondral autograft transplantation,
Connor et al'® reported on a patient with bilateral pos-
terior fracture dislocations of the glenohumeral joint
who was treated on one side with hemiarthroplasty,
and on the contralateral side with a local autograft
taken from the shoulder treated with arthroplasty, in a
single-stage procedure where both shoulders where op-
erated on simultancously,

The use of osteochondral autografts as a restorative
option is limited to patients with relatively small defects
of the humerus who are willing to subject themselves to
the potental complication of donorsite morbidity in an
otherwise asymptomatic knee (Fig. 20-8). The best indi-
cation would be for patients with small osteachondral
defects who complain of mechanical symptoms that
would otherwise be poorly managed with palbative
measures (Le., microfracture). Fundamentally, osteo-
chondral autografs represent an excellent solution, but
the indications are navrow and are rarely present.
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FIGURE 20-8 Arthroscopic photograph of an osteochondral
aulograll transplant performad for an isolated degenerative
lesion of the humeral head. (Courlesy of Dr. John D. Kelly, IV,
Department of Orthopedic Surgery, Temple University,
Philadelphia.)

Fresh Osteochondral Allograft

Osteochondral allografring has been quite successtul in
the knee with the longest track record of any cartilage
restoration IH'UiZt'.{lll.l'l.'.":'m Like osteochondral auto-
grafts, osteachondral allografts restore the congruency
of the articular surface with an intact osteochondral
segment. Graft preservation is entieal. Contemporary
reatment includes fresh (i.e., within 72 hours of donor
asystole) or prolonged-fresh osteochondral grafis (i.c.,
ideally, maintained cold with regular mediam change
for no more than 28 d:qf.s}.m The indications are for
larger lesions (l.e., greater than 1.5-2.0 cm?) of the
humeral head. As discussed earlier (see Decision Mak-
ing), large uncontained lesions and osteochondral
lesions in symptomatic patients are probably the best
candidates, This is especially true for relatively older in-
dividuals who could alse be considered as eandidates for
arthroplasty should the osteochondral allograft fail.
There are only limited reports of the use of osteochon-
dral allografts in the shoulder. In two case reports, fresh
frozen humeral head allografts were used. '™ In
another, frozen or autoclaved femoral head grafis were
used.™ Despite these limitations, very good outcomes
were reported.

Osteochondral allografts are side- and size-matched
using plain radiographs corrected for magnification.
The technique is performed through a standard ante-
rior deltopectoral approach. Technically, defects are
treated using hand-fashioned grafts requiring supple-
mental fixaton (Fig. 20-9). Newer instrumentation used
in the knee (Arthrex, Inc., Naples, FL) in a technique
recently described by the authors is another possibility
that would potentially avoid the need for supplemental
fixation.™ It is eritical that the grafts are implanted with
a minimal amount of subchondral bone that is irrigated
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A oA |
F!GI.I_FIE 20-9 Casae example of a large segmental defect of the proximal humerus treated by remaving the fracture tragmant and
creating a wedge configuration of the recipient bed (A} and screw fixation of a fresh osteochondral allogralt humeral head (B)

copiously (i.e., no more than 6-8 mm) in an effort
o minimize the immunogenic load contained in the
osseons phase of the graft,

The use of osteechondral allografis as a restorative ope
tion is limited to paticnts with relanvely large defects of
the humerus who are willing to subject themselves to the
infinitely low probability of the potential complication of
donor discase transmission and the possibility of graft col-
lapse. Osteochondral defects, such as those that ocow
with fracture-dislocations or engaging Hill-Sachs lesions,
which lead to persistent instability despite standard stabi-
lization techniques, are ideal lesions for this procedure.
Because larger delects are more likely to become prob-
lematic and advances have ocenrred in terms of the avail-
ability of fresh osteochondral allogralt transplant
material, this solution represents an execellent firse- ar
second-line option for appropriately selected patients.

Autogenous Chondrocyte Implantation

Aurologous chondrocyte implantation (ACIH has a long
track record for its implementation in the knee and the
technigue has been deseribed by the senior author
(B.].CL) and others.”™ ™ The use of ACI in the shoulder
is considered an olFabel usage, and strict patient
informed consent must be obrained, [n brief, this proce-
dure involves the harvesting ol healthy articular carti-
lage with subsequent culturing and expansion of the
cells over a 3- 1o 4-weck period prior to implantation,
Thus, it requires two procedures. The biopsy is olained
arthroscopically from the knee, and the implantaton is
performed through a standard deliopectoral approach.
At the nme of implantation, the periosteum is harvested

e o

from the proximal tibia in the standiard location. As al-
ready mentioned,”! the articular cartilage of the
humeral head is substantially chinner than that found in
the knee, and thus suturing of the periosteum is techni-
cally far more challenging compared with our experi-
ence in the knee,

I'he optimal indicatdons are for contained unipolar
superficial defects of the humerus or glenoid in rela-
tively young patients wha have failed first-line treatment
including microfracture. It is uselul in Lurger lesions
(=2 em”) that are beyond the scope of ostenchondral
autograft transplantation and for superficial lesions
where one would preler o avoid violating the subchon-
dral surface as is required of osteachondral allograft
transplantation.

l'he authors recently published a case report of a
young baseball player whe had a defecr develop in the
anterosuperior humeral head tollowing thermal capsu-
lorrhaphy with a bipolar thermal device (Fig. 20-10).%°
Cell-based technology has several advantages over osteo-
chondral grafring. It utilizes the patient’s own tissue with
minimal donor-site morbidity and does not violate the
subchondral bone, The expenence with this rechnalogy,
however, is very limited and the indicatons are relatively
small compared with some of the other technologies
available.

Biologic Resurfacing

Unfortunately, a population of patients exists who have
chondral lesions on both sides of the glenohumeral
joint that ranges from localized to diffuse bipolar
tiscase. The senior authors (B, ].C. and AAR.) have



tmost commonly seen this in a population of patients re-
ferred following arthroscopic stabilization using suture
anchors with and without the use of radiofrequency
thermal capsulorrmaphy. These patients represent the
maost challenging treatment group as the treatment
options are limited and relegated largely to anecdoral
reports from surgeons interested in managing these
problems with techniques considered investigational. Bi-
ologic resurfacing relers to solutions that provide some
form of soft tissue interposition between the arthritic ar-
eas. This might include fascia lata, allograft tendon, the
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FIGURE 20-10 (A) Arthroscopic view of a focal chondral
defect of the anterior humeral head in a 16-yaar-old boy
treated previously with thermal capsulorrhaphy. (B) Intraop-
erative photograph showing the lesion covered by a thin
layer of fibrous tissue. (C) Intraoperative pholograph showing
the periosteal patch sutured into place using 6-0 Vieryl su-
ture and sealed with fibrin glue.

antevior shoulder capsule, periostewm, porcine small
intestine submucosa or even allogralt meniscus tissue.
Burkhead and Hutton™ reported on the successful
use of biologic resurfacing of the glenoid with fascia lata
or anterior shoulder capsule in a relatively young popu-
lation of patients who were treated with hemiarthro-
plasty in an effort to aveid glenoid replacement because
of the significant risks for loosening in this at risk young
papulation, Alternatives to this might include the use of
porcine 518 (DePuy Orthopaedics, Inc., Warsaw, IN).
Advantages of this material include the eapability of
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inducing site-specific remodeling of various connective
tissues. "+ This application is most similar to the use of
periosteum and microfracture discussed previously as re-
ported by Siebold et al.®

Stmilar to ACL the application of 515 in the shoulder
is considered an ofFFlabel usage and explicit patient in-
formed consent must be obtained. The senior author
(B.J.C.) has a single case where SIS was used to resur-
face a microfractured glenoid in a girl who, for reasons
unknown, developed extensive chondralysis following
arthroscopic shoulder stabilization using a monopaolar

radinfrequency device (Fig. 20-11). This patient hacl al-
ready failed attempts at debridement and capsular re-
lease. Early follow-up of 12 months demonstrated signifi-
cant reducnons inpain and improvements in functon.

Another opton is to consider unloading the gleno-
humeral joint by placing an allograft meniscos alomg the
peniphery of the glenoid, This is the subject of a basic sci-
ence study by the senior authors (BJ.C. and AAR) as
we have limited clinical experienee with this techmique
(Fig. 20-12). Intmrively, glenoid lesions may respond fa-
vorably it reductions in contact area and [oree are

FIGURE 20-11 (A) Arthroscopic view of 8 18-year-old girl treated
previously with thermal capsulorrhaphy who demonstrated rapid
progression of glenchumeral arthritis postoparativaly. (B) Biologic
resurfacing with small intestine submucosa (S1S) praparad to ba
sutured into place following microfracture of the glenoid, (C) SIS
sewn into place.



achieved by suturing an allograft meniscus into the pe-
riphery of the glenoid. Similar ro the use of 515, this
technique is considered investigational at this time, but
ollers a biomechanically attractive treatment alternanve.

A high degree of caution must exist when offering pa
tients biologic resurfacing alternatives to reduce pain
andd improve function in the seting of chondral damage
to the glenohumeral joint. Decisions must be made in
the context ol other comorbidities including range-of-
motion loss, the integrity of the rotator euff, and the sta-
bility of the shoulder. The indications for these
techniques remain rare and are likely to evolve as our
understanding of the biology and hiomechanics of these
rearment aptions m Pl'ﬂl'fﬁ.
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FIGURE 20-12 (A) Arthroscopic view of a 36-year-old man with a local
defect of the glenoid. (B) Defect exposed at the time ol arthrotomy
treated with a microfracture technigue. (C) Allograft lateral meniscus
sewn Into place to the surrounding labrum.

m Postoperative Rehabilitation

The rehabilitation [ollowing all of these technigues is
eritical to their success, Postoperatively early range of
motion is important."*" Although we do not currently
use continuous passive moticn, patients begin with pen-
dulum exercises the day after surgery with ar lease 600 cy-
cles performed daily. Active range of motion is generally
delayed untl G weeks, Active range of motion and gentle
strengthening begins at 6 to B weeks. Athletie endeavors
are delayved untl at least 6 months depending on the
progress ol the rehabilitation and the nature of the
cartilage restoration procedure, The earliest time frame
that patients can expect to get back to activities occurs
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following arthroscopic debridement. On the other hand,
ACLnd osteochondral allogralt transplantation reguire
the longest tme frames postoperatively, and patents may
not he permitted to engage in high-level activities for at
least 12 months following their surgery.

m Conclusion

One has o individuoalize the treatment of each lesion

once it 18 certain that the cartilage lesion is the source ol

the patient’s pain and impairment, A conservative ap-
proach is warranted given the lack of knowledge about
the management of these defects. Beginning with pallia-
tive or reparative techniques may be the most prudent
approach as paticnts may respond Favorably and future
treatment options are not compromised, If there is no
or insulficient response to this initial reatment attempt,
then one may consider a restrorarive oprion providing
the level of the patent’s ssmproms warrant further weat-
ment. For smaller defects, osteachondral autografts may
suffice. For larger lesions, ACT or fresh asteachondral
allogratt transplantation may be required. Biologic
resurfacing must be approached with caution and on a
case-hy-case hasis. Lessons learned from the implemen-
tation of cartilage procedures in the knee will assuredly
improve upon our capabilities in the shoulder, but only
through further objecnive investigation in the clinical
and laboratory setting will we further our understanding
of the treatment algorithm for the management of
chondral injury in the glenohumeral joint.
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