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Abstract
Treating glenohumeral arthritis in the young adult remains a significant challenge. There are a variety of etiologies that can lead to this condition, and the diagnosis is often not straightforward. With advances in both surgical techniques and
biologic options, the treatment algorithm for patients with glenohumeral arthritis
is constantly evolving. When nonsurgical treatment fails, there are a variety of possible surgical options, each with potential benefits. It is helpful to review the diagnostic challenges presented by these patients and understand the palliative, reparative, restorative, and reconstructive surgical options and their associated clinical
outcomes, which provide a framework for clinical and surgical decision making.
Instr Course Lect 2011;60:137-153.
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Glenohumeral arthritis in young, active patients presents a growing challenge for the orthopaedic surgeon. Diagnosing symptomatic cartilage lesions
can be difficult, and a thorough understanding of shoulder anatomy as well
as the available surgical techniques is
critical for effective treatment. Localized articular cartilage lesions of the
glenohumeral joint are rare; however,
such lesions can become painful and
may limit shoulder function when
symptomatic. Often, the diagnosis is
initially unclear, and patients continue
to present with substantial pain despite
previous surgical or nonsurgical treatments. Young adult patients may also
present with more global glenohumeral degenerative changes because of a
variety of etiologic factors.1-3 Although total joint arthroplasty offers a
definitive solution for resolving symptoms, this remains a less than ideal option in the young, high-demand patient population. Other cartilage
treatment options range from palliative arthroscopy to reparative, restorative, and reconstructive surgical techniques. Currently, there are limited
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Figure 1 Arthroscopic view of a
grade IV lesion of the glenoid in the
dominant shoulder in a 27-year-old
man.

data and recommendations to guide
treatment decisions for patients with
symptomatic chondral lesions of the
shoulder. However, with the increasing
prevalence of young patients with
symptomatic shoulder arthritis, jointpreserving treatments will continue to
evolve. This chapter provides an overview of glenohumeral cartilage pathology, discusses patient evaluation and
appropriate clinical decision making,
and describes the various surgical treatment options for these challenging
clinical situations.

Anatomic Considerations
The unique anatomic features of the
glenohumeral joint make it challenging to evaluate and treat chondral lesions within this area. There are significant differences in the thickness of the
glenohumeral articular cartilage compared with other joints, such as the
knee or ankle. Specifically, the mean
articular depth of the humerus is
1.24 mm, whereas the mean depth of
the glenoid fossa is 1.88 mm.4 The humeral head cartilage is thickest in the
center (1.2 to 1.3 mm thick) but thins
to less than 1 mm along the periphery.5 In the glenoid, the articular cartilage is thickest along the periphery but
tapers toward the center with an area
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Figure 2 Arthroscopic view of
diffuse degenerative disease in the
shoulder of a 23-year-old man
following the placement of an intraarticular pain pump after labral
repair.

that is completely devoid of cartilage
(known as the bare area). From a biologic standpoint, the layout of the articular cartilage along both the glenoid
surface and the humeral head may
make it difficult to diagnose and treat
symptomatic chondral lesions. It is important, for example, to avoid inadvertently attributing the bare areas on the
glenoid or the humerus to pathologic
chondral defects because this may lead
to inappropriate treatment recommendations.
The geometry of the glenohumeral
joint is also important when considering symptomatic cartilage defects. Specifically, the glenoid radius of curvature is within 2 to 3 mm of the
humeral head and is relatively congruent with the humeral head when soft
tissues, including the cartilage and
labrum, are included.6 Glenoid version typically varies, with an average of
1.5° of retroversion; notably, retroversion is considerably increased (approximately 11°) with advanced cartilage
damage (such as the damage resulting
from glenohumeral osteoarthritis).
Glenoid inclination also varies, with
an average of 4.2° in the superior direction.6

Classification of
Glenohumeral Chondral
Defects
Currently, there is no specific classification scheme for articular cartilage
defects of the glenohumeral joint. The
Outerbridge classification system,7
which is commonly used for chondral
defects in the knee, can be applied to
similar defects in the shoulder. In this
system, grade 0 refers to normal articular cartilage, grade I to cartilage softening, grade II to fibrillation involving
half the depth of the cartilage,
grade III to fissuring involving more
than half the depth of the cartilage,
and grade IV to full-thickness loss
reaching to or through the subchondral bone (Figure 1). It is equally important to document the location of
the defect, the depth of bony involvement, and the size of the defect relative
to the entire dimension of the articular
surface. If there are bipolar defects, it
should be determined if these defects
articulate with one another when bipolar disease exists.
Incidence and Etiology of
Glenohumeral Chondral
Defects
Injury to the glenohumeral articular
cartilage can occur through a variety of
mechanisms. Because cartilage lesions
are often incidental findings, more
common shoulder pathologic entities
must be considered and evaluated.
Overall, the diagnosis of a symptomatic chondral injury is one of exclusion.1 Potential etiologies of chondral
defects in the shoulder are varied and
include genetic and/or degenerative
changes to the joint, posttraumatic lesions, postoperative changes, osteonecrosis (commonly from corticosteroid
use, alcohol use, or iatrogenic), and defects caused by intra-articular pain
pump placement, radiofrequency therapy, and infection2,3,8-10 (Figure 2).
Because the etiology of the articular
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disease can affect disease progression,
it is crucial for the clinician to obtain
as much information as possible concerning the patient’s symptoms. Specifically, the clinician should note previous surgeries, the nature and onset of
symptoms, and the rate of symptom
progression. The qualitative nature of
symptoms (such as pain and mechanical and neurologic symptoms) should
be assessed to help the clinician weigh
options relative to the magnitude of
the patient’s clinical disorders and
treatment expectations.
The overall incidence and natural
history of glenohumeral chondral defects is unknown. As diagnostic modalities for symptomatic cartilage lesions continue to advance, an
improved understanding of glenohumeral articular cartilage pathology can
be expected. As previously mentioned,
lesions are often found incidentally
during imaging and/or the treatment
of other shoulder pathologies. In a
study of magnetic resonance arthrography (MRA), glenohumeral chondral
lesions were found in up to one third
of all patients.11 In a cadaver study analyzing rotator cuff tears, an increase in
chondral injury was seen in shoulders
with cuff tears compared with those
without rotator cuff pathology. Specifically, in shoulders with rotator cuff
tears, defects in the glenoid were found
in 32% of specimens, and defects in
the humeral head were found in 36%
compared with 6% and 7%, respectively, in shoulders without cuff
tears.12 Another study found a 4.5%
incidence of significant cartilage lesions (Outerbridge type grade IV) in
shoulders with rotator cuff tears.13
Chondral injuries also have been associated with shoulder instability. In a
clinical study of patients with firsttime traumatic dislocations, Taylor
et al14 reported that 57 of 63 patients
(90%) had Hill-Sachs lesions, with
40% classified as chondral lesions and

60% classified as osteochondral lesions. Hintermann and Gächter15 prospectively studied the arthroscopic
findings of 212 patients with unstable
shoulders and reported an increased
incidence of chondral damage in patients with multiple dislocation events.
Specifically, the authors found a 23%
incidence of glenoid defects and an
8% incidence of humeral head degenerative arthritis in patients who sustained only one dislocation, and a
27% incidence of glenoid degenerative
arthritis and a 36% incidence of humeral head arthritis in patients who
sustained two or more dislocations.15
Importantly, information related to
the prevalence of symptoms associated
with these traumatic chondral injuries
is largely lacking.
Although focal chondral defects,
whether found as primary lesions or as
incidental findings, are challenging to
treat, it is perhaps even more difficult
to treat patients with progressive
and/or diffuse disease. These patients
present with varying etiologies, including rheumatoid arthritis, traumatic arthrosis, and osteoarthritis. Patients can
also present after one or more failed
treatment attempts, especially in the
case of postoperative glenohumeral
chondrolysis.2,3,8-10,16 In 1998, Sperling et al17 described long-term survivorship of total shoulder arthroplasty
or hemiarthroplasty in 114 shoulders
in patients younger than 50 years with
painful glenohumeral arthritis or arthrosis. The authors described longterm improvement in motion as well
as substantial pain relief but noted that
approximately 50% of the patients
were dissatisfied with their treatment,
indicating the significant challenge in
managing this disease. Although advances in the diagnosis and treatment
of isolated chondral defects are certainly areas of focus, increased consideration of more diffuse glenohumeral
chondral pathology is also warranted.
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Patient Evaluation
Because articular cartilage defects are
often incidental findings, it can be difficult to determine which chondral defects are truly symptomatic and which
are simply incidental. Especially in patients with multiple shoulder pathologies who had several prior surgical
treatments, it is often impossible to ascertain if the articular defects were responsible for their preoperative symptoms. To avoid treating asymptomatic
injuries and ignoring truly symptomatic lesions, it is crucial for the surgeon to obtain as much information as
possible from the patient during the
initial history and physical examination. During the initial clinical visit,
the patient should be asked about the
original mechanism of injury as well as
previous nonsurgical and surgical
treatment of the shoulder, including
the response to therapy. Specific questions about the activity level of the patient and his or her postoperative treatment goals are important initial
considerations to address any potential
unrealistic expectations of the patient
before discussing potential treatment
strategies.

Physical Examination
In addition to a thorough history, a
complete physical examination of both
shoulders is important for evaluating
symptomatic chondral defects and any
coexisting pathology, including rotator
cuff tears and/or instability. The structure, function, neurologic status, and
strength of the injured shoulder should
be compared with that of the contralateral shoulder.16 Loss of motion and
stiffness must be noted at the preoperative examination to allow the patient
time to restore any deficit before surgically treating the chondral defect. Stability, scapulothoracic dyskinesis, and manual muscle testing should be assessed.
If necessary, special shoulder tests
should be performed to evaluate any
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potential comorbidity or primary etiology for the patient’s symptoms. Of
note, in patients who have previously
been treated with open shoulder surgery, subscapularis dysfunction may be
present and should be documented
and addressed before any surgical
treatment.

relatively poor,11 and up to 45% of
grade IV chondral lesions can be
missed.20 Glenohumeral arthroscopy,
although clearly more invasive than
MRI and MRA, remains the gold standard for diagnosing glenohumeral
chondral defects.

Summary of Patient Evaluation
Imaging Studies
Imaging studies are a routine component in the evaluation of symptomatic
chondral lesions and are especially
helpful in analyzing bone loss. Standard views should include AP,
scapular-Y, and axillary views; the addition of a Stryker notch view is helpful for evaluating Hill-Sachs lesions,
whereas the West Point view is useful
in determining glenoid bone loss.16
CT studies, especially those conducted
using three-dimensional reconstruction software, are especially helpful for
evaluating glenohumeral joint alignment, glenoid version, and glenoid
bone loss. This can be helpful in patients who require more invasive osteochondral reconstruction for fullthickness cartilage defects that include
subchondral bone. CT arthrography is
quite helpful in evaluating joints and
soft tissues without MRI artifact in the
setting of prior hardware placement,
such as metal glenoid or humeral head
anchors.
MRI and MRA are the imaging
modalities of choice for evaluating the
glenoid and humeral head articular
surfaces and are especially helpful in
evaluating changes in subchondral
bone and associated soft-tissue comorbidities,18,19 including ligamentous,
labrum, and rotator cuff pathologies.
Typically, the T2-weighted image,
with and without fat suppression, and
the T1-weighted fat-suppressed threedimensional spoiled gradient-echo
technique are used. However, the sensitivity and specificity of MRI in evaluating glenohumeral chondral lesions is
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A global evaluation of the patient with
symptomatic glenohumeral chondral
lesions involves the patient presentation, physical examination, and imaging studies. After considering all the
information from the initial patient
evaluation, the surgeon must consider
several important factors before deciding on an appropriate treatment plan.
The patient’s age and desired activity
level are both crucial factors in the decision process. In addition, the global
location of the defect (glenoid surface,
humeral head, or bipolar “kissing” lesions); local location of the defect
(central, periphery); size, depth, and
containment of the defect; and any coexisting shoulder pathologies must be
considered in the evaluation of a patient with glenohumeral arthritis. Special attention must be given to any patient presenting with more global or
progressive chondral disease because
the clinical decision-making process is
not as clear in this patient population.

Nonsurgical Treatment
In most patients with symptomatic
glenohumeral articular cartilage lesions, nonsurgical treatment should be
initially attempted to relieve symptoms. The nonsurgical treatment options for shoulder cartilage defects are
similar to those for other joints. A
course of oral nonsteroidal antiinflammatory drugs is often helpful in
patients who are able to tolerate the
medication and are compliant with the
dosing regimen.21 Physical therapy,
with a focus on scapulothoracic and
glenohumeral strengthening, is an ex-

cellent option for most patients.
Stretching the joint and improving
range of motion are two important aspects of physical therapy because there
is usually some restriction in motion in
patients with glenohumeral cartilage
damage. Patients usually have relief of
symptoms after a course of physical
therapy. In instances when future surgery is indicated, preoperative
strengthening of the shoulder joint
will help to improve postoperative outcomes.
Injecting the glenohumeral joint
with corticosteroids or a lidocaine pain
challenge may be helpful in some patients; however, this treatment is usually not effective in high-demand, athletic patients because symptoms often
return after the patient returns to the
sports activity.22 Often, steroid injections (the efficacy is still unknown) can
be more useful as a diagnostic modality rather than as a treatment that provides significant long-term relief of
symptoms.23 Recently, off-label viscosupplementation via hyaluronic acid
injections, which has been approved
for use in the knee, has been shown to
be potentially beneficial in patients
with symptomatic glenohumeral arthritis.24 This type of injection needs
further investigation before specific
recommendations can be made regarding its efficacy. Explicit informed consent is needed for any patient receiving
this type of injection because it is not
currently approved by the Food and
Drug Administration for use in the
shoulder.

Surgical Treatment

Palliative Arthroscopic
Débridement
After conservative treatment modalities
have been exhausted without success in
the active patient with glenohumeral
arthritis, arthroscopic débridement is
generally considered as the next treatment choice. Arthroscopic débride-
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ment is considered a palliative treatment and aims to reduce pain and
potentially increase functional range of
motion. An arthroscopic débridement
may postpone the need for a total joint
arthroplasty, which has been shown to
have higher incidences of component
failure and worse outcomes scores in
younger patients.25,26 Shoulder arthroscopy also can be used as a diagnostic tool to address other pathologies
that may coexist with glenohumeral
arthritis.
Arthroscopic débridement is generally considered a first-line surgical option in the patient with glenohumeral
arthritis if treatment with conservative
modalities has failed. In patients older
than 65 years or in patients with lower
physical demands, an arthroscopic débridement is often used in an attempt
to avoid more invasive options. Arthroscopic débridement is especially
indicated for patients with significant
comorbidities who may not tolerate
total shoulder arthroplasty. Younger
patients with advanced or diffuse
chondral disease are not ideal candidates for arthroplasty because of issues
related to glenoid component wear;
therefore, débridement may be warranted in an attempt to delay arthroplasty. Patients who have significantly
decreased range of motion can potentially benefit from a capsular release to
decrease the capsular contracture often
associated with glenohumeral arthritis.
Palliative treatment attempts to
ameliorate symptoms by decreasing
the intra-articular mechanical and biologic milieu.27 There are a variety of
standard techniques used in arthroscopic débridement, including
complete synovectomy, the removal of
loose bodies, and defect management
(Figure 3). For cartilage injury, the removal of chondral flaps can be performed with a combination of motorized shavers and arthroscopic curets. In
grade IV lesions, a stable, vertical tran-

sition zone should be created between
the defect and the surrounding cartilage. This was shown to be beneficial
in a canine model in which converting
cartilage edges with gradual zones to
vertical margins led to slower disease
progression.28 With arthroscopic débridement, capsular contractures can
be managed with either targeted capsular releases or a complete 360° release. Two studies have reported that
complete capsular release is effective
for pain relief and patient satisfaction.29,30 In addition to treating cartilage lesions and capsular contractures,
other potential procedures that can be
performed based on symptomatic pathology include subacromial decompression, distal clavicle excision, and
biceps tenotomy or tenodesis.
Limited data in the literature are
available on the outcomes of arthroscopic débridement for glenohumeral arthritis. The few available studies show that symptomatic relief can
often be achieved but is usually incomplete and of short duration.31,32 In
general, 80% good or excellent results
can be achieved at short-term followup.20,32 In 2002, Cameron et al20 reported on 61 patients with grade IV
osteochondral lesions treated with arthroscopic débridement. Thirty-six
percent of these patients were treated
with capsular release, and 48% were
treated with concomitant arthroscopic
procedures other than capsular release.
At an average follow-up of 28 months,
88% reported significant pain relief
(average time to maximal pain relief,
11 weeks), and 87% were satisfied
with the procedure. The authors reported worse outcomes with cartilage
degeneration greater than 2 × 2 cm2.
Weinstein et al32 reported on 25 patients, with an average age of 46 years
and an average follow-up of 34
months, treated with arthroscopic débridement for early glenohumeral arthritis. In this group, all patients were
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Figure 3 Arthroscopic view of palliative treatment of a grade IV chondral lesion of the glenoid. The motorized shaver is used to create a
stable, vertical, transition zone between the defect and the surrounding cartilage.

treated with chondral débridement,
synovectomy, and loose body removal
as needed. Twenty-three of 25 patients
were treated with subacromial bursectomy, and 12 of 25 had capsular release for preoperative stiffness. All the
patients had good or excellent results,
with 10 of 12 reporting improvement
in range of motion after capsular release. In a study of patients treated
with arthroscopic débridement, 16 of
71 patients (23%) required arthroplasty at an average of 10.1 months,
with 55 of 71 patients (77%) showing
significant improvement in American
Shoulder and Elbow Surgeons (ASES)
scores, simple shoulder test (SST)
scores, the visual analog scale (VAS),
and range of motion at an average
follow-up of 27 months (A Romeo et
al, Chicago IL, unpublished data).

Reparative: Microfracture
Even in patients with comorbidities,
reparative options are used to treat superficial defects believed to be associated with symptoms. The goal of reparative strategies is to resurface a
defect with fibrocartilage using a marrow stimulation technique. Steadman
et al33 initially described the technique
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Figure 4 Arthroscopic view of microfracture of a grade IV glenoid
lesion using specifically designed
awls to penetrate the subchondral
bone plate every 2 to 3 mm.

of microfracture to treat cartilage lesions in the knee; this technique has
remained the preferred marrow stimulation procedure of this chapter’s authors. Other potential reparative strategies include abrasion chondroplasty
and drilling. Microfracture has a theoretic advantage over drilling because of
the decreased risk of thermal damage
to bone and cartilage.33,34 Reparative
techniques do not compromise a surgeon’s ability to perform future restorative surgeries and can be performed
entirely arthroscopically with little associated morbidity. Rudd et al28 reported that smaller, well-shouldered
lesions should perform better clinically
than larger unshouldered lesions with
gradual transition zones. Reparative
treatment is contraindicated in any osteochondral defects in which the subchondral plate has been violated and in
any patient with bone and cartilage
loss.34-36
The surgical technique for microfracture of glenohumeral cartilage lesions stems from the technique described in the knee.33,36 The initial
step is to débride the lesion to the level
of calcified cartilage. This portion of
the procedure can be done with a combination of motorized shavers and arthroscopic curets. Next, it is critical to
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establish vertical walls so that the lesion is contained with normal or nearnormal cartilage. Specifically designed
awls are then used to penetrate the
subchondral plate every 2 to 3 mm
(Figure 4). This penetration allows
mesenchymal marrow elements to
form a fibrin scaffold that is gradually
replaced by fibrocartilage.
Currently, there are only a limited
number of published studies of patients treated with microfracture for
glenohumeral cartilage defects. In a recent study by Frank et al,37 16 patients
(17 shoulders) treated with arthroscopic microfracture of the humeral head and/or glenoid surface
were retrospectively reviewed and examined by an independent, blinded
examiner. All patients with concomitant labral or rotator cuff repairs were
excluded. The mean age of patients
was 37 years, and the average
follow-up was 27.8 months (minimum follow-up, 12 months). Two
shoulders were lost to follow-up, leaving 14 patients (15 shoulders). The average size of humeral and glenoid defects was 5.07 cm2 and 1.66 cm2,
respectively. Twelve of 14 patients
(86%) stated they would have the procedure again, and there was a significant improvement in VAS, ASES, and
SST outcomes scores. Based on this
small series, the authors concluded
that microfracture can provide significant improvement in pain relief and
shoulder function in patients with isolated chondral lesions. Yen et al38 performed a similar study of 31 shoulders
in 30 patients treated with microfracture of the glenohumeral joint. Shoulders with rotator cuff tears and patients older than 60 years were
excluded. The mean patient age was 43
years, and the average follow-up was
47 months (minimum follow-up, 25
months). In the 6 of 31 shoulders requiring additional surgery, microfracture was considered a failed procedure.

Mean ASES scores showed significant
postoperative improvement (P < 0.05)
in ability to work, perform the activities of daily living, and participate in
sports activities. The authors concluded that microfracture can be a successful procedure in the glenohumeral
joint, with the greatest success
achieved in patients with isolated,
small, humeral lesions.

Cartilage Restorative Options
Restorative treatment options for glenohumeral defects include osteochondral autografts, osteochondral allografts, and autologous chondrocyte
implantation (an off-label indication).
These techniques can be used as the
primary procedure to treat patients
with chondral pathology or as a secondary procedure after failed reparative treatment. These procedures involve significantly greater surgical
morbidity than reparative techniques,
and all are typically performed
through a shoulder arthrotomy. Proper
patient selection is critical for success.
The ideal candidate is a young, active
individual with an isolated focal cartilage defect of the humerus or glenoid
in whom nonsurgical treatment options have been exhausted. Although
autologous chondrocyte implantation
can be used only with isolated cartilage
defects, osteochondral autografts and
allografts can be used to treat lesions
with combined cartilage and bone loss.

Osteochondral Autograft Transfer
Osteochondral autograft transfer traditionally has been used to treat knee
and talar lesions with successful results.39,40 This technique is generally
reserved for smaller humeral lesions
(1 to 1.5 cm2) in which first-line treatment has failed. The advantages of this
procedure are the ability to restore the
glenohumeral architecture with a viable “organ” of bone and cartilage with
a single-stage procedure and the ability
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to achieve osseous integration and preserve the articular tidemark. A unique
disadvantage of this procedure is
donor-site morbidity, with the autograft usually harvested from the lateral trochlea of the knee. An arthroscopic procedure is technically
challenging, and the current standard
procedure is an arthrotomy. The literature has only limited reports of osteochondral autograft transfer to the
shoulder. Scheibel et al41 reported on
eight traumatic grade IV chondral lesions of the humeral head treated with
osteochondral autograft transfer and
followed for a mean of 32.6 months.
At this short-term follow-up, six patients were pain free, and two had a reduction in pain compared with the
preoperative level. Postoperative MRI
showed graft incorporation and congruent articular surfaces in seven of
eight patients. One patient required
two additional procedures at the donor
knee for recurrent effusions. Connor
et al42 described a case report of a patient with bilateral posterior fracturedislocations of the glenohumeral joint
in which one side was treated with
hemiarthroplasty and the other side
with local autograft taken from the
shoulder treated with arthroplasty.
This same procedure was used by Ivkovic et al43 to treat a patient with bilateral locked posterior dislocations,
with excellent clinical and radiographic results at 3-year follow-up.

Osteochondral Allograft
The goal of osteochondral allograft
implantation is to restore the congruency of an articular surface with an intact osteochondral segment. With increasing availability, improved donor
screening and procurement protocols,
and rapidly evolving surgical techniques, the use of these grafts in the
shoulder is increasing.44 Fresh osteochondral allografts are composite tissues with viable cartilage layers at-

tached to nonviable subchondral
bone.45 Recent studies have shown
that the success of fresh osteochondral
allograft implants depends on the
number of viable chondrocytes that remain after implantation.46-48 Currently, osteochondral allografts are being used to treat both humeral and
glenoid defects, most commonly associated with postdislocation combined
bone and cartilage pathology; however,
lesser tuberosity transfer is an available
option for reverse Hill-Sachs defects.
Fresh osteochondral allografts are the
current standard of care because these
grafts have higher chondrocyte viability, improved maintenance of the cartilage matrix, and better long-term results compared with cryopreserved
grafts.47,48 Although disease transmission remains a concern, since screening
standards were introduced in 1985,
there have been no reported cases of
human immunodeficiency virus transmission from an allogeneic graft.49,50
The surgical technique for osteochondral allograft placement is
adapted from clinical experiences with
knee procedures. The surgeon’s preferred standard exposure method is
used to visualize the lesion. For the humerus, commercial allograft transplantation systems are available. The usual
goal is to create a socket with a healthy
bed of subchondral bone that is typically 7 to 8 mm deep. This can be accomplished using either the dowel
technique to create a circular socket, or
a wedge-shaped defect can be created
in a freehand manner. The graft is usually placed with either a press-fit technique or press-fit with screw fixation
for augmentation (Figure 5). For the
glenoid, a fresh distal tibial osteochondral allograft can be used for glenoid
deficiency, and is most commonly indicated for patients with significant
bony Bankart lesions after recurrent
dislocations. Typically, the graft is fashioned to re-create the normal contour
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and shape of the glenoid and is fixed
with two 3.5-mm fully treated cortical
screws in a lag fashion.51 This technique can be used as a substitute for
Latarjet and Bristow procedures and is
advantageous because it creates a viable
cartilage surface on the glenoid.
The published data on treating glenohumeral defects with osteochondral
allografts are limited to case reports
and a single case series. Yagishita and
Thomas52 recently described a patient
with a chronic anterior shoulder dislocation secondary to a large Hill-Sachs
lesion that was treated with a femoral
head allograft. At 2-year follow-up, the
patient was symptom free with no episodes of recurrent instability. Chapovsky and Kelly18 used three osteochondral allograft plugs placed
arthroscopically to treat a 16-year-old
boy with recurrent instability secondary to an engaging Hill-Sachs lesion.
One year after surgery, the patient had
returned to athletic activity and was
symptom free. Gerber and Lambert53
treated four patients with chronic,
locked posterior shoulder dislocations
using osteochondral allografts to fill
the reverse Hill-Sachs lesion. In all
four patients the humeral head defect
was at least 40% of the articular surface. At a mean follow-up of 68
months, good to excellent results were
reported in three patients; osteonecrosis in the remainder of the humeral
head developed postoperatively in the
fourth patient. Osteochondral allograft humeral head resurfacing in
combination with a lateral meniscal allograft glenoid resurfacing was described by McCarty and Cole54 in a
case report involving a 16-year-old girl
with symptomatic bipolar glenohumeral chondrolysis subsequent to arthroscopic thermal capsulorrhaphy. At
2-year follow-up, the patient reported
complete resolution of her shoulder
pain, and radiographs showed maintenance of the glenohumeral joint space
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Figure 5 Reconstruction of the articular surface in a
25-year-old man with 9 months of activity-limiting shoulder pain. A, Photograph of grade IV changes (approximately 25 × 20 mm) in the anteroinferior area of the humeral head. B, Fresh humeral head allograft is sized in a
site-matched donor area. C, Two fresh humeral head allograft plugs (20 mm and 18 mm) are used to reconstruct
the defect.

with no evidence of allograft collapse
or hardware migration. The patient’s
postoperative ASES score was 83 (preoperative = 50), and her SST score was
8 (preoperative = 1). Glenohumeral
forward flexion and external rotation
improved from 90° and 40° to 160°
and 50°, respectively. Kropf and Sekiya55 used arthroscopic management
of the anterior capsulolabral pathology
combined with a limited, open, posterior approach to place an osteochondral allograft to fill a large Hill-Sachs
lesion. At 1-year follow-up, the patient
was on active military duty without restrictions. In a study of 20 young patients (mean age, 19.7 years) with extensive
postoperative
surgical
glenohumeral arthritis, McNickle et
al2 described the use of biologic resurfacing with osteochondral allografts
for the humeral head and lateral me144

niscal allografts for the glenoid in
seven patients; one patient was treated
with osteochondral allograft resurfacing of the humeral head alone. At a
mean follow-up of 3.1 years (range,
1.9 to 6.5 years), improvements were
reported with respect to SST, ASES
and VAS scores.
Three case series report on the treatment of anterior glenoid defects with
osteochondral allografts. Weng et al56
describes a study of nine consecutive
patients with anterior instability associated with glenoid bone loss. Patients
were treated with an anteroinferior
capsular shift combined with a bone
buttress femoral head osteochondral
allograft. One patient had a repeat dislocation, and one had subluxation
(both events occurred following a seizure). At mean follow-up of 4.5 years,
all grafts had radiographic evidence of

bony union with the native glenoid.
Hutchinson et al57 performed a similar
procedure with a femoral head osteochondral allograft bone buttress to
treat nine epileptic patients with recurrent instability. In this study, there
were no recurrences. Provencher et al51
reported using a distal tibial allograft
for anterior glenoid reconstruction
with a mean glenoid bone loss of 30%.
The advantages of this graft include a
viable cartilage surface, a dense weightbearing corticocancellous bone, a radius of curvature that nearly matches
the normal glenoid contour, and increased availability compared with glenoid allografts (Figure 6). Further research, including clinical studies, of
this promising treatment option for
anterior glenoid bone loss is currently
being performed.
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Figure 6 A distal tibial allograft is used to reconstruct the anterior glenoid with significant bone loss. A, The lateral
aspect of the distal tibia provides a good fitting allograft for the anterior or posterior glenoid. B, The donor fresh distal
tibial graft is harvested. It is approximately 30 mm superior to inferior, 10 mm anterior to posterior, and 10 mm deep.
C, Intraoperative photograph of the fresh distal tibial graft in place and temporarily fixed with Kirschner wires. The native
anterior glenoid was prepared with a high-speed burr to remove the defect (8 mm anterior to posterior). D, The fresh
distal tibial allograft is affixed with two 3.5-mm cortical screws and small washers. E, AP radiograph shows the allograft
in place. F, Postoperative supraspinatus outlet radiographic view of the allograft in place.

Autologous Chondrocyte
Implantation
Autologous chondrocyte implantation
remains investigational and is an offlabel use of this technique in the glenohumeral joint. The basic principle
of autologous chondrocyte implantation stems from its use in the knee and
includes harvesting of healthy articular
cartilage, subsequent culturing and expansion of cells over a 3- to 4-week period, and implantation. This technique may have potential use in a
contained unipolar superficial defect
greater than 2 cm2 of the humerus in a

young patient in whom first-line treatment has failed (Figure 7). The current
literature is limited to a case report of a
16-year-old baseball player with a focal
defect of the humeral head, which developed following arthroscopic capsulorrhaphy using a radiofrequency device.58 The standard autologous
chondrocyte implantation technique
was performed, including harvesting
cartilage from the intercondylar notch,
growing the cells for 1 month, and using a periosteal graft from the proximal
tibia. At 1-year follow-up, the patient
had full range of painless motion.
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Figure 7 Intraoperative view of a
focal humeral head chondral defect
treated with autologous chondrocyte
implantation.
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Glenohumeral Reconstructive
Options
In an effort to decrease pain and restore long-lasting shoulder function,
biologic reconstructive techniques
have been developed for young patients with glenohumeral degenerative
arthritis. These techniques are indicated for patients with advanced unipolar or bipolar disease because biologic reconstructive surgery is a last
resort before considering total shoulder arthroplasty. Reconstructive surgical options typically include biologic
resurfacing of the glenoid coupled
with either biologic or nonbiologic resurfacing of the humeral head.
Biologic resurfacing of the humeral
head may be performed using an osteochondral allograft or autologous
chondrocyte implantation.1 As stated
previously, at the present time, these
treatment options remain investigational with limited clinical evidence
available in the orthopaedic literature.
More commonly, humeral head implant resurfacing or hemiarthroplasty
is used in combination with biologic
resurfacing of the glenoid. First proposed by Burkhead and Hutton59 in
1988, biologic resurfacing of the glenoid combined with hemiarthroplasty
has been used with variable results in
treating young patients with glenohumeral arthritis. In their initial clinical
series, interposition of soft tissue (local
articular capsule or autogenous fascia
lata) between the humeral head implant and the native glenoid provided
consistent pain relief and improvement in shoulder range of motion at
2-year follow-up. As experience with
biologic glenoid resurfacing has increased, other interposition options
have been used, including Achilles tendon allografts; lateral meniscal allografts; and processed tissue grafts;
such as the dermal patch regenerative
tissue matrix (dermis) and porcine
small intestine submucosa.59-66
146

The use of lateral meniscal allografts for soft-tissue glenoid resurfacing has been described using both
open and arthroscopic techniques.60,67
As an interposition material, the lateral
meniscus has been shown to provide
more complete coverage of the glenoid
compared with the medial meniscus;
this coverage significantly reduces the
peak force and contact area across the
glenohumeral joint during physiologic
loading.1,68 For lateral meniscal allograft resurfacing, the allograft tissue
should be requested from a male donor
younger than 30 years to maximize the
size and quality of the material for glenoid coverage. Dermal patch regenerative tissue matrix resurfacing of the
glenoid has similarly been described
using both open and arthroscopic
methods.69 This processed human
skin retains the native collagen structure, bioactive components, and vascular channels of the dermis, providing a
framework to support cellular repopulation and vascularization after implantation.1 Available in 4 × 4 cm2
sheets, 1 to 2 mm thick, the dermal
patch matrix can be fashioned to the
size and shape of each patient’s glenoid.

Open Lateral Meniscal Allograft
or Dermal Patch Resurfacing
With the patient in the beach chair position under a combination of regional
interscalene anesthesia and general anesthesia, a deltopectoral surgical approach is used. Preparation of the humeral head along with the necessary
soft-tissue and/or capsular releases is
routinely first performed to provide
adequate access to the glenoid. The
glenoid labrum is left in situ to serve as
an anchor for fixation of either the interposition lateral meniscal allograft or
the dermal patch matrix. Any remaining articular cartilage on the glenoid
surface is removed with a curet, and
concentric reaming is performed start-

ing with a small reamer to avoid damage to the native labral tissue. Reaming
creates a concentric surface with punctate bleeding to allow adhesion and
healing of the interposed lateral meniscal allograft or the dermal patch matrix
and provides the opportunity to correct glenoid version if any orientation
abnormalities have developed during
the disease course. When reaming is
completed, nonabsorbable sutures are
placed through the labrum, allowing 6
to 8 points of circumferential fixation
to the glenoid (Figure 8). When necessary for supplemental graft fixation,
suture anchors are inserted into the
glenoid rim, and/or transosseous sutures are placed.
In patients treated with lateral meniscal allograft resurfacing, sutures
from the labrum are passed through
the lateral meniscal allograft, orienting
the graft so that the anterior and posterior horns face anteriorly and the
thickest portion of the graft covers the
posterior portion of the glenoid. The
horns are sutured together to provide
stability during peripheral fixation.
Each circumferential suture is then
tied, leaving the fixation of the horns
to the anterior aspect of the glenoid as
the last step. Final suturing of the two
horns of the meniscal allograft is then
performed allowing for adjustment (as
needed) for stability and sizing. Once
the lateral meniscal allograft is placed,
the humerus is carefully dislocated forward, which allows the hemiarthroplasty prosthesis to be implanted. The
shoulder is then reduced to allow assessment of the conformity of the humeral head component, the implanted
lateral meniscal allograft, and glenohumeral range of motion and stability.
The subscapularis is then anatomically
repaired, and the surgical incision is
closed in layers.
In contrast to the lateral meniscal
allograft resurfacing procedure, in dermal patch resurfacing, preparation and
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implantation of the humeral head
hemiarthroplasty is completed before
approaching the glenoid. After the
hemiarthroplasty is implanted, the
shoulder is reduced, and the conformity of the implant with the patient’s native articular surface is evaluated. Retractors are then inserted, which allows
the humeral head implant to be displaced posteriorly, providing a
straight-on approach to the glenoid.
After the glenoid is prepared, its size
and shape are noted; this allows the
thawed, hydrated, dermal patch matrix
to be fashioned accordingly. After cutting to the proper size and shape, the
thickest available dermal patch matrix
(2 mm in thickness) is secured to the
glenoid by individually passing the sutures from the labrum through the
edges of the material. This sequential
suture passage and tying allows the
dermal patch to be tensioned over the
glenoid surface. The shoulder is then
reduced, allowing glenohumeral range
of motion and stability to be assessed.
The subscapularis is then anatomically
repaired, and the surgical incision is
closed in layers.

Outcomes
In the initial clinical series of Burkhead
and Hutton,59 14 patients were treated
with humeral head hemiarthroplasty
and biologic resurfacing of the glenoid
using either autogenous fascia lata or
anterior shoulder capsule. Six patients
with a mean age of 48 years (range, 33
to 54 years) were available for evaluation at a minimum 2-year follow-up.
At a mean of 28 months postoperatively, the authors reported a reduction
in pain in all patients and improvements in glenohumeral forward elevation, external rotation, and internal rotation of 57°, 45°, and six spinal
segments, respectively. According to
Neer’s criteria, five of the six patients
had excellent outcomes, with the remaining results classified as satisfac-
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Figure 8 Biologic resurfacing of the glenoid using a lateral meniscal allograft (A) in combination with hemiarthroplasty in a 44-year-old patient with
symptomatic glenohumeral arthrosis. B, View of the lateral meniscal allograft
in place. It is affixed with suture to the remaining glenoid labral rim.

tory. Lee et al70 retrospectively evaluated 18 shoulders (mean patient age,
54.8 years) treated with soft-tissue resurfacing of the glenoid (anterior capsule) coupled with humeral head surface replacement. At a mean follow-up
of 4.8 years, the authors reported a
mean ASES score of 74.4; a mean
Constant score of 71.4; and glenohumeral forward flexion, abduction, and
external rotation of 130°, 122°, and
39°, respectively. Although 83% of the
patients were satisfied with their postoperative clinical outcome, radiographic analysis showed moderate to
severe glenoid erosion in 56% of the
shoulders.
Long-term follow-up was reported
by Krishnan et al71 in their retrospective evaluation of 36 shoulders in 34
patients treated over a 15-year period.
Biologic glenoid resurfacing was performed using autologous fascia lata (11
shoulders), anterior articular capsule
(7 shoulders), and Achilles tendon allograft (18 shoulders). At a mean
follow-up of 7 years, the authors reported an improvement in ASES
scores from 39 preoperatively to 91 at
the most recent evaluations. According
to Neer’s criteria, good to excellent results were seen in 86% of the shoul-
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ders. Radiographic evaluation of this
cohort showed a mean 7.2 mm of glenoid erosion over the observation period, which appeared to stabilize at
5 years postoperatively.
Significantly worse outcomes following biologic resurfacing were reported by Elhassan et al63 in a retrospective review of 13 patients younger
than 50 years treated with hemiarthroplasty combined with soft-tissue interposition (Achilles tendon allograft, autogenous fascia lata, or anterior
shoulder capsule). Ten of the 13 patients required conversion to total
shoulder arthroplasty at a mean of 14
months postoperatively (range, 6 to 34
months). Combined with postoperative infection that developed in two
patients, the authors found a 92.3%
failure rate. Based on their findings,
the authors concluded that soft-tissue
resurfacing of the glenoid combined
with humeral head arthroplasty is unreliable as a treatment in young, active
patients with glenohumeral arthritis.
Lateral meniscal allograft interposition performed in conjunction with
humeral head implant resurfacing was
reviewed by Nicholson et al64 in a
study of 30 patients with a mean age of
42 years (range, 18 to 52 years). At a
147

Shoulder

mean follow-up of 18 months, the authors reported significant improvements in ASES scores (38 preoperatively to 69 postoperatively), SST
scores (3.3 to 7.8), VAS pain scores
(6.4 to 2.3), and shoulder range-ofmotion parameters (forward elevation,
96° to 139°; external rotation, 26° to
53°). Complications requiring revision
surgery occurred in five patients (17%)
within the first postoperative year;
however, despite this incidence, 94%
of study patients reported satisfaction
with their clinical outcome and would
have the procedure again if needed.
Wirth72 recently reported the outcomes for 30 patients treated with humeral head arthroplasty and lateral
meniscus allograft interposition of the
glenoid. Ninety percent of the patients
were available for follow-up at a mean
of 35 months. Overall, there was a
16% reoperation rate, with 50% of
those procedures performed secondary
to failure of the meniscal portion of
the construct. The author did not report significant improvement in ASES,
SST, and VAS scores for the patients in
the study.
The use of dermal patch regenerative matrix in interposition resurfacing
of the glenoid was reported by Huijsmans et al73 in a clinical study of six
patients with a mean age of 47 years.
At 6-month follow-up, the authors reported preliminary improvement with
overall good results. Savoie et al74 recently reported outcomes following arthroscopic glenoid resurfacing using a
biologic patch (Restore; DePuy Orthopaedics, Warsaw, IN) in 23 consecutive patients with a mean age of
32 years (range, 15 to 58 years) treated
for severe glenohumeral arthritis. At 3to 6-year follow-ups, 75% of patients
in the cohort remained satisfied with
their surgical results. Significant improvements were reported with respect
to ASES scores (22 preoperatively to
78 postoperatively), University of Cal148

ifornia at Los Angeles scores (15 to
29), Rowe scores (55 to 81), and
Constant-Murley scores (26 to 79).
Five patients required conversion to arthroplasty during the follow-up period; however, four of the five reported
that they would undergo the arthroscopic resurfacing again if necessary.

Glenoid Ream and
Run Procedure
The ream and run procedure involves
humeral head implant resurfacing coupled with concentric reaming of the
glenoid to a radius of curvature 1 to
2 mm greater than that of the humeral
head prosthesis.75 The ream and run
procedure attempts to achieve glenohumeral stability by spherical reaming
about the centerline of the glenoid to
correct eccentric wear and minimize
the potential progressive erosion and
instability that has been reported with
humeral hemiarthroplasty alone.76
In a cadaver model, Weldon et al77
showed that denuding the glenoid of
its cartilaginous surface reduced its
contribution to glenohumeral stability,
and spherical reaming restored stability to values seen in both the native
glenoid and those reconstructed with a
polyethylene implant. The potential
for a healing response or remodeling at
the reamed glenoid surface was reported by Matsen et al78 in a canine
model using the ream and run technique. The authors reported that at 24
weeks following the procedure, a thick,
firmly attached fibrocartilaginous tissue layer completely covered the glenoid surface and articulated with the
prosthetic humeral head.
In a recent case-controlled study
comparing the ream and run procedure with standard total shoulder arthroplasty, Clinton et al75 reported significant and comparable functional
improvement in both patient groups.
At 12-month follow-up, patients in

the total shoulder arthroplasty cohort
had significantly higher SST scores;
however, at both 2 and 3 years after
surgery, the SST scores were similar
between the two treatment groups.
Based on these results, the authors
concluded that although a longer recovery time was required, the ream
and run procedure provided the opportunity for a comparable functional
outcome without the potential risk of
glenoid component failure.

Arthroplasty in the Young,
Active Patient
For appropriately selected patients, total shoulder arthroplasty has been
shown to reliably decrease pain and
improve shoulder function.79,80 Other
options include osteotomies of the glenoid, humerus, or both; a double osteotomy of the neck of the glenoid and
humerus (without displacement has
been described in 13 patients with
good results at approximately 3 years
after surgery.81
In a recent meta-analysis of 23 clinical studies comparing total shoulder
arthroplasty with humeral head replacement for the treatment of primary glenohumeral osteoarthritis,
Radnay et al82 reported that total
shoulder arthroplasty resulted in significantly better pain relief, postoperative range of motion, and patient satisfaction, along with a lower revision
rate. However, in younger active patients, the longevity of a total shoulder
arthroplasty has been questioned, secondary to increased rates of glenoid
component failure reported in several
clinical studies.83-85 In the younger
patient population, the results of total
shoulder arthroplasty have been shown
to be variable, with recent studies reporting outcomes inferior to those
seen in the typical patient older than
60 years.17,86-88
Humeral head hemiarthroplasty
alone has been reported to provide
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pain relief and improved short-term
function, but studies with longer
follow-up have shown progressive
joint-space narrowing, glenoid erosion, and diminishing outcomes.89-92
In a retrospective review of 78 hemiarthroplasties performed in patients
younger than 50 years, Sperling et al17
reported that at 15-year follow-up, the
procedure had unsatisfactory results in
45% of their patients. Radiographic
analysis demonstrated significant glenoid erosions in 68% of hemiarthroplasties. Radiolucent lines around the
humeral component were reported in
24% of patients, perhaps indicating
some degree of loosening. Survival estimates performed on data from this
cohort found that 92% of the hemiarthroplasties survived to 5 years, 83%
to 10 years, and 73% to 15 years.
Based on their findings, the authors
concluded that care should be exercised when hemiarthroplasty is offered
to patients who are 50 years or
younger. The outcomes after the conversion of a hemiarthroplasty to a total
shoulder replacement with a polyethylene resurfaced glenoid are much less
predictable than outcomes after a primary total shoulder arthroplasty. Patients treated in this fashion have increased residual pain, a higher risk for
subsequent surgeries, and less predictable postoperative range of motion.93,94
Saltzman et al86 recently evaluated
1,045 consecutive total shoulder arthroplasties and compared the surgical
diagnoses between patients younger
than 50 years and those older than
50 years. The authors found that the
younger patients in their study had
more complex pathologic conditions
leading to shoulder arthroplasty compared with the older patients, adding a
level of difficulty to the surgical procedure and potentially contributing to
the poorer outcomes seen in the
younger patient population. In a 1998

study, Sperling et al17 reviewed the
long-term results of Neer hemiarthroplasty (78 cases) and Neer total shoulder replacement (36 cases) performed
in patients 50 years or younger who
were followed for a mean of 12.3 years.
Both total shoulder replacement and
hemiarthroplasty in this series resulted
in significant long-term pain relief and
active shoulder abduction and external
rotation. Based on their data, estimated implant survivorship for total
shoulder replacement in this patient
population was 97% at 10 years and
84% at 15 years. However, despite the
high percentage of implant survivorship, unsatisfactory outcomes were reported in 17 of the total shoulder patients (47.2%). In a 2002 study by
Sperling et al,87 the authors retrospectively reviewed 33 patients with a
mean age of 46 years managed with
shoulder arthroplasty (10 hemiarthroplasties and 21 total shoulder replacements) for symptomatic glenohumeral
arthritis after instability surgery. They
found that while the procedures were
associated with significant pain relief
and improvement in active range of
motion, high rates of revision surgery
and unsatisfactory results occurred.
According to the Neer criteria, at a
mean follow-up of 7 years, patients
treated with total shoulder arthroplasty had 3 excellent, 5 satisfactory,
and 13 unsatisfactory outcomes. Eight
total shoulder arthroplasty patients
(38%) required revision surgery secondary to component failure and instability during the follow-up period.
Better outcomes were reported by
Raiss et al95 in their prospective study
of 21 patients with a mean age of 55
years (range, 37 to 60 years) with glenohumeral arthritis treated with total
shoulder arthroplasty. At a mean
follow-up of 7 years, 20 patients
(95%) were either very satisfied (18
patients) or satisfied (2 patients) with
their postoperative results. Significant
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improvement in the Constant-Murley
score was reported (24.1 to 64.5). No
patients had clinical or radiographic
evidence of implant loosening, and at
most recent follow-up, no revision surgeries had been necessary.
An alternative to arthroplasty, the
Arthrosurface HemiCap (Arthrosurface, Franklin, MA) can also be used as
a treatment option for pain relief and
restoration of function in the shoulder
with both focal and diffuse chondral
damage. Using the Arthrosurface
HemiCap on the diseased humeral
head is similar in theory to hemiarthroplasty; however, instead of an entire stem positioned into the humeral
shaft, the cap is attached to the humeral head with a smaller, central post.
Only a single case report describing
the use of the Arthrosurface HemiCap
on the humerus is available in the literature, which was performed in conjunction with a Latarjet coracoid
transfer procedure with successful results in a patient with recurrent shoulder dislocation.96
Based on the available data in the orthopaedic surgery literature, hemiarthroplasty and total shoulder arthroplasty in young, active patients represent
viable treatment options. However, the
potential for variable postoperative outcomes and concerns for glenoid erosion
with hemiarthroplasty as well as glenoid
component loosening with total shoulder arthroplasty must be acknowledged.
Although a few recent follow-up studies
have legitimized some of these concerns,
these potential postoperative complications seem to occur over the long term,
providing the patient with years of
symptom-free, improved function.
With improved implant designs, more
durable biomaterials, and innovations in
surgical technique, shoulder arthroplasty may become the procedure of
choice for the young, active patient with
glenohumeral degenerative disease.
149
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Summary
Young patients with symptomatic degenerative disease of the glenohumeral
joint represent a challenge for the
treating orthopaedic surgeon. Secondary to the variety of etiologies that can
lead to glenohumeral arthritis in the
young adult, a thorough understanding of the appropriate workup and initial management of the disease is vital.
Palliative, reparative, restorative, and
reconstructive surgical options are
available, with variable indications and
outcomes. The development of a
workable treatment algorithm based
on the individual patient’s pathology
and physical demands will help guide
the surgeon in the decision-making
process. Continued research with an
emphasis on correlating new surgical
techniques with clinical outcomes is
ongoing in an effort to optimize the
treatment of patients with symptomatic degenerative disease of the glenohumeral joint.
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