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Background: Microfracture is an effective surgical treatment for isolated, full-thickness cartilage defects with current data
focused on applications in the knee. No studies describing clinical outcomes of patients who have undergone microfracture in
the shoulder joint have been reported.

Hypothesis: Treatment of glenohumeral joint articular defects using microfracture would demonstrate similar short-term clinical
outcomes when compared with other joints.

Study Design: Case series; Level of evidence, 4.

Methods: From March 2001 to August 2007, 16 patients (17 shoulders) who underwent arthroscopic microfracture of the humeral
head and/or glenoid surface were retrospectively reviewed. All patients were examined by an independent, blinded examiner and
completed surveys containing the Simple Shoulder Test (SST), American Shoulder and Elbow Score (ASES), and visual analog
scale (VAS).

Results: Two patients were lost to follow-up, for a follow-up rate of 88%. Three patients went on to subsequent shoulder surgery
and were considered to have failed results. The mean age was 37.0 years (range, 18-55 years) with an average follow-up of 27.8
months (range, 12.1-89.2 months). The average size of humeral and glenoid defects was 5.07 cm2 (range, 1.0-7.84 cm2) and 1.66
cm2 (range, 0.4-3.75 cm2), respectively. There was a statistically significant decrease from 5.6 6 1.7 to 1.9 6 1.4 (P \ .01) in VAS
after surgery as well as statistically significant improvements (P \ .01) in SST (5.7 6 2.1 to 10.3 6 1.3) and ASES (44.3 6 15.3 to
86.3 6 10.5). Twelve (92.3%) patients claimed they would have the procedure again.

Conclusion: Microfracture of the glenohumeral joint provides a significant improvement in pain relief and shoulder function in
patients with isolated, full-thickness chondral injuries. Longer term studies are required to determine if similar results are main-
tained over time.
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Chondral lesions of the glenohumeral joint, although less
common than chondral lesions in other joints such as the
knee or ankle, can be a source of shoulder pain in an active
population. While the incidence of such defects of the
shoulder has been documented as 5% to 17%, these reports
do not differentiate which of these defects are the primary
symptom generators and meet the indications for

treatment.14,20,30 The treatment options for chondral
defects of the shoulder remain poorly defined. Often, the
diagnosis of a symptomatic shoulder chondral defect is dif-
ficult to make secondary to vague nonlocalizing com-
plaints, with history and examination findings similar to
other common shoulder conditions. Additionally, imaging
studies are poor at detecting chondral injuries until late
in the disease process because of the relatively thin carti-
lage in the shoulder.14 Often, diagnosis may be delayed
until the time of shoulder arthroscopy. While the cause of
most cartilage defects in the shoulder is unknown, there
has been a reported association with recurrent instability,
rotator cuff tears, iatrogenic injury, and capsulorrhaphy
techniques.9,11,20,24,27

Once a glenohumeral chondral defect is identified, no con-
sensus exists among orthopaedic surgeons on the most appro-
priate treatment options. Nonsurgical treatments include
physical therapy and steroid injections, while surgical options
incorporate palliative, reparative, restorative, and recon-
structive techniques such as arthroplasty.3,14 While total
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shoulder arthroplasty remains an excellent treatment option
for older patients with diffuse symptomatic cartilage disease,
in younger patients, this option is less attractive because of
functional limitations and relatively short implant survival
time in active patients. Further, arthroplasty may not be the
preferred option for focal defects. The clinical outcomes of
debridement and reconstructive and restorative techniques
have been discussed in the literature; however, there remains
a paucity of information regarding reparative surgical treat-
ment for glenohumeral chondral defects, specifically
microfracture.8,10,12,21,23,26,41

Microfracture has been established as an effective thera-
peutic solution for full-thickness cartilage defects of the
knee because of its low surgical morbidity and technical
feasibility as a first-line treatment with good clinical out-
comes.34 As there is minimal vascular supply to the articu-
lar cartilage, defects of any origin rarely heal spontaneously
and often require surgical intervention secondary to a high
prevalence of clinical symptoms and functional disabili-
ty.7,13,22,31,34,35,38 In addition to the lack of blood supply,
the limited healing capacity of articular cartilage is due
to the virtual absence of an undifferentiated cell population
that is able to respond to traumatic and/or degenerative
injury. While marrow stimulation has been shown to be
effective in other joints such as the knee and ankle, we
are aware of only one study describing the clinical outcomes
of patients who have undergone open microfracture in the
shoulder joint and no study reporting the outcomes of
arthroscopic microfracture available in the literature.32

The purpose of this study is to report the short-term clinical
outcomes of microfracture for symptomatic articular defects
of the glenohumeral joint. The hypothesis was that treat-
ment of articular defects in the glenohumeral joint using
microfracture would demonstrate similar short-term clinical
outcomes when compared with other joints.

MATERIALS AND METHODS

The medical records of all patients who underwent arthros-
copy of the shoulder including debridement of the gleno-
humeral joint performed by 1 of 4 senior shoulder
surgeons at our institution between March 1, 2001 and
August 31, 2007 were retrospectively reviewed. As there is
no CPT code for microfracture in the glenohumeral joint,
debridement codes (29882 and 29883) have been used in
patients on whom microfracture was performed. Operative
reports were reviewed, and patients who had undergone
microfracture of the glenoid and/or humeral head were iden-
tified. Inclusion criteria for participation in the study were
follow-up greater than 1 year, and exclusion criteria were
concomitant labral or rotator cuff repair. However, patients
were not excluded for having other additional procedures
during the arthroscopy, including subacromial decompres-
sion, distal clavicle excision, and biceps tenodesis. Patients
were included regardless of if microfracture was performed
as the intended primary surgery or as a procedure indicated
at the time of arthroscopy. After the inclusion and exclusion
criteria were met, 16 patients (17 shoulders) were deemed
eligible for inclusion into the study.

The study was approved by our institutional review
board, and all eligible patients were invited via telephone
to participate in the study including follow-up clinical eval-
uation. Once contacted, each patient provided informed con-
sent to participate in the study. At the follow-up evaluation,
each patient completed shoulder surveys containing the
Simple Shoulder Test (SST), American Shoulder and Elbow
Score (ASES), visual analog score (VAS), and University of
California–Los Angeles (UCLA) Shoulder Scale. Each sur-
vey also contained the Short Form-12 (SF12) health status
questionnaire. Additionally, patients were asked to rate
whether they would undergo the same procedure again
(yes/no). Of the eligible patients, 13 patients completed the
written surveys; however, only 8 were available for clinical
evaluation. Shoulder examination included active and pas-
sive range of motion and shoulder muscle strength testing
with an Isobex (Cursor, Bern, Switzerland) device. The
physical examination was performed by a single orthopaedic
research fellow, independent of the operating surgeon. Each
patient had completed the same shoulder questionnaires
and surveys preoperatively, allowing for comparisons
between the preoperative and postoperative scores. In addi-
tion, all patients received a preoperative bilateral shoulder
examination, including range of motion testing, again allow-
ing for comparisons between the preoperative and postoper-
ative values.

There were 17 shoulders in 16 patients included in the
study; 1 patient had microfracture performed on both
the left and right shoulder. Despite multiple attempts,
2 patients were unable to be reached and were lost to
follow-up. Fourteen patients (15 shoulders) were included
in the study, for a total follow-up rate of 88%.

Of the 14 patients remaining (15 shoulders), 3 patients
underwent subsequent shoulder surgery and were consid-
ered to have failed results. Two of these patients were
not included in the final statistical analysis because they
were considered failures within 3 months of microfracture
and because they were revised to alternative procedures
before this study was completed; however, they were
included in the overall failure calculation rate for the pro-
cedure. Of the remaining 12 patients (13 shoulders) par-
ticipating in follow-up, the mean age at the time of
surgery was 37 years (range, 18-55 years). The average
time to follow-up was 27.8 months (range, 12.1 months to
7.4 years; SD, 20.7 months). There were 7 male and 5
female (6 shoulders) patients, and both of the failed
patients were female. All patients, including the failures
and those lost to follow-up, had a variety of symptoms, typ-
ically including pain during activity and limited range of
motion; 6 patients reported a history of injury, 5 patients
had persistent pain following a previous shoulder surgery,
2 patients (3 shoulders) had avascular necrosis associated
with steroid use, and 3 patients had long-standing pain
of insidious onset.

Surgery was performed on the right shoulder in 11
cases, and the dominant arm was involved in 9 cases
(52.9%). Several patients underwent additional procedures
at the time of microfracture, including subacromial decom-
pression and biceps tenodesis. The characteristics of the
study group are described in Table 1.
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TABLE 1
Patient Characteristicsa

Age,

y

Sex Dominant

Arm;

Operative

Arm

Length

of

Follow-

up,

mo

Preoperative

Diagnosis

Defect

Location

Defect

Size,

mm

Concomitant

Procedure(s)

Preoperative

Subjective

Scores

Postoperative

Subjective

Scores

Preoperative

ROM and

Constant

(strength)

Postoperative

ROM and

Constant

(strength)

Previous

Surgery

Subsequent

Surgery

(age, y)

48 M L; R 13.7 Injury

(work)

Glenoid 10 3 15 Capsular

release,

SAD, BT

VAS~4

SST~8

ASES~60

VAS~0

SST~12

ASES~100

SANE~95

UCLA~33

SF-12 M~58.8

SF-12 P~57.2

FF~170

ABD~90

ER~50

FF~180

ABD~180

ER~90

Constant~81.8

No

55 F R; L 22.9 Pain

(insidious

onset)

Glenoid 5 3 8 SAD VAS~8

SST~5

ASES~25

VAS~1

SST~10

ASES~95

SANE~100

UCLA~33

SF-12 M~57.8

SF-12 P~55.5

FF~106

ABD~N/A

ER~50

FF~155

ABD~150

ER~75

Constant~68.4

No

55 F R; R 35.7 Pain

(prior

surgery)

Glenoid 15 3 25 SAD,

DCR, BT

VAS~N/A

SST~4

ASES~N/A

VAS~2

SST~6

ASES~80

SANE~70

UCLA~N/A

SF-12 M~56.2

SF-12 P~46

SAD,

DCR

No

36 M R; L 30.0 Pain

(insidious

onset)

Glenoid 10 3 10 VAS~1

SST~11

ASES~85

VAS~1

SST~12

ASES~95

SANE~92

UCLA~N/A

SF-12 M~55.9

SF-12 P~57.2

No

37 M R; R 89.8 Pain

(prior

surgery)

Glenoid

and

humerus

10 3 10

and

20 3 20

SAD, BT VAS~5

SST~10

ASES~N/A

VAS~1

SST~12

ASES~93.3

SANE~90

UCLA~33

SF-12 M~57.8

SF-12 P~55.5

FF~150

ABD~150

ER~50

FF~172

ABD~180

ER~65

Constant~78.3

Labrum

repair,

SAD,

RCR

No

48 M R; L 12.1 Pain

(insidious

onset)

Humerus 20 3 20 SAD VAS~9

SST~1

ASES~8.3

VAS~0

SST~12

ASES ~
100SANE~90

UCLA~35

SF-12 M~44.6

SF-12 P~61.2

FF~100

ABD~100

ER~80

FF~150

ABD~160

ER~75

Constant~71.3

No

24 F R; R 16.3 AVN Humerus 20 3 20 Loose

body

removal

VAS~N/A

SST~N/A

ASES~N/A

VAS~0

SST~12

ASES~100

SANE~100

UCLA~35

SF-12 M~46.7

SF-12 P~25

FF~180

ABD~165

ER~55

FF~180

ABD~156

ER~90

Constant~74.8

No

51 M R; R 33.3 Injury

(sports)

Humerus 25 3 35 VAS~6

SST~5

ASES~48.3

VAS~0

SST~11

ASES~98.3

SANE~100

UCLA~35

SF-12 M~57.8

SF-12 P~55.2

FF~N/A

ABD~N/A

ER~N/A

FF~180

ABD~160

ER~90

Constant~68.9

No

42 M L; R 13.1 Injury

(sports)

Humerus 25 3 25 SAD VAS~3

SST~10

ASES~61.7

VAS~0

SST~12

ASES~100

SANE~85

UCLA~35

SF-12 M~57.8

SF-12 P~55.5

FF~180

ABD~175

ER~55

FF~180

ABD~180

ER~65

Constant~73.4

No

25 M R; L 33.5 Pain

(prior

surgery)

Humerus 20 3 20 Capsular

release

VAS~4

SST~5

ASES~41.7

VAS~5

SST~6

ASES~45

SANE~65

UCLA~20

SF-12 M~29.9

SF-12 P~36.1

FF~40

ABD~40

ER~40

FF~180

ABD~140

ER~45

Constant~72.9

Labrum

repair,

SAD

Debridement

and

capsular

releaseb (28)

(continued)
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Physical examination by a single orthopaedic research
fellow was performed independent of the operating sur-
geon in 8 patients (8 shoulders). The examination con-
sisted of active and passive range of motion measured
with a goniometer, including active forward elevation
in the scapular plane, external rotation at the side,
and internal rotation behind the back. Comparison
was made with the opposite shoulder. Strength testing
was performed using an Isobex handheld dynamometer
(Cursor) for both forward elevation and external rota-
tion at the side. To perform the examination, the exam-
iner resisted the patient’s motion (forward flexion or
external rotation) as the dynamometer measured the
force of the movement. Forward elevation was mea-
sured with the arm abducted in the scapular plane to
90º of elevation, and external rotation was measured
with the arm at the side and the elbow flexed 90º in
neutral rotation. A total of 3 measurements were
made, and the highest value was used in calculation

of the Constant score. Comparisons were made with
the opposite shoulder.

All results were analyzed via statistical testing compar-
ing preoperative measures with corresponding postopera-
tive measures at their last follow-up. Statistical analysis
was performed utilizing both parametric and nonparamet-
ric testing methods using SPSS software (SPSS, Chicago,
Illinois). Both Wilcoxon matched-pair tests as well as
paired t tests were performed for the entire patient cohort.
Independent t tests were used for analysis of objective
data, including range of motion. Results were considered
statistically significant with P \ .05. Independent t tests
were used when necessary because some postoperative
physical examination components, including range of
motion and strength testing, could not be measured
when patients were not available for clinical examination.
Statistical analysis was also performed to compare the
patients who received physical examination versus those
who did not.

TABLE 1 (continued)

Age,

y

Sex Dominant

Arm;

Operative

Arm

Length

of

Follow-

up,

mo

Preoperative

Diagnosis

Defect

Location

Defect

Size,

mm

Concomitant

Procedure(s)

Preoperative

Subjective

Scores

Postoperative

Subjective

Scores

Preoperative

ROM and

Constant

(strength)

Postoperative

ROM and

Constant

(strength)

Previous

Surgery

Subsequent

Surgery

(age, y)

18 F R; R 18.2 Pain

(prior

surgery)

Humerus 20 3 20 BT VAS~6

SST~5

ASES~45

VAS~7

SST~10

ASES~61.7

SANE~N/A

UCLA~N/A

SF-12 M~53.2

SF-12 P~46

Capsullorhaphy No

18 F R; R 20.7 AVN Humerus 28 3 28 VAS~8

SST~2

ASES~33.3

VAS~3

SST~9

ASES~76.7

SANE~70

UCLA~N/A

SF-12 M~60

SF-12 P~45.8

No

18 F R; L 22.3 AVN Humerus 10 3 10 VAS~8

SST~2

ASES~35

VAS~4

SST~10

ASES~76.7

SANE~70

UCLA~N/A

SF-12 M~60

SF-12 P~45.8

No

35 F R; L N/A Injury

(work)

Glenoid 10 3 10 SAD Biological

resurfacingb

(37)

21 F R; R N/A Pain

(prior

surgery)

Humerus Grade 4

focal

defect

(size

unavailable)

Stabilization,

debridement

Hemiarthroplastyb

(21)

37 F R; R N/A Injury

(sports)

Glenoid 10 3 10 SAD –c

Lost to

follow-up

3 mo postop

38 M R; R N/A Injury

(sports)

Humerus Grade 4

focal

defect

(size una

vailable)

–c

Lost to

follow-up

2 mo postop

aR, right; L, left; AVN, avascular necrosis; VAS, visual analog scale; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Society; SANE, Single Assessment Numerical

Evaluation; UCLA, University of California–Los Angeles; SF-12 M, P, San Francisco Mental, Physical; BT, biceps tenodesis; DCR, distal clavicle resection; RCR, rotator cuff repair; SAD,

subacromial decompression; FF, forward flexion; ABD, abduction; ER, external rotation; N/A, not applicable.
bDenotes failure; patient was included in descriptive analysis but not in statistical analysis.
cDenotes that patient was lost to follow-up; patient was not included in descriptive or statistical analysis.
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Surgical Technique and Rehabilitation

The technique used for microfracture in the glenohumeral
joint in these patients was similar to the technique used in
other joints such as the knee. Portal placement was
extremely important before beginning the microfracture.
The anterior portal was placed more laterally when micro-
fracture was performed on the anterosuperior glenoid,
while a lower portal just above the subscapularis was
placed when the defect was located more inferiorly. Poste-
rior glenoid lesions were treated via portal placement in
the posterior 7-o’clock position (right shoulder), while
most lesions on the humerus were able to be reached
through the standard anterior portal facilitated by internal
and external rotation of the arm. In each patient, once the
chondral defect was located, all loose cartilage and carti-
lage flaps were debrided using an arthroscopic shaver,
ring curette, or basket forceps. After confirming that the
chondral lesion was contained, vertical walls were created
around the defect using a curette or arthroscopic elevator
(Figure 1). Once adequate vertical walls were ensured,
the entire layer of calcified cartilage was debrided with
a curette, without penetrating the subchondral bone.28,29

At this point, a clean area of subchondral bone surrounded
by vertical walls was clearly visible. A microfracture awl
(Linvatec, Largo, Florida) was used to penetrate the sub-
chondral bone, with each hole created perpendicular to
the surface of the bone (Figure 2).17-19,22,25,33,39 Each
microfracture hole was spaced approximately 3 to 4 mm
apart and penetrated to a depth of approximately 2 to
4 mm (approximately the depth of the awl tip) into the sub-
chondral surface in order to expose the marrow elements.
Once the chondral lesion was penetrated with microfrac-
ture holes, cutterage or shaving was used to remove any
bony remains on the rims of the holes. At this point, the
irrigation pump pressure was reduced to ensure marrow
elements appear from the microfracture holes (Figure 3).

Postoperatively, we did not use constant passive motion
(CPM) to avoid stiffness, as is commonly utilized after
microfracture in the knee.36 Patients were provided sling
immobilization for 2 to 4 weeks for comfort. Passive range
of motion with progression to active assist and active range
of motion was allowed and encouraged immediately after
surgery. Standard protocol included a request for immedi-
ate pendulum exercises for at least 800 rotations per day.
Light strengthening was initiated at 6 weeks if range of
motion had been restored, with progression to unrestricted
strengthening at 12 weeks postoperatively. All activities
were allowed at 16 weeks, but overhead competitive athlet-
ics were restricted for 6 months.

Figure 2. Arthroscopic image of microfracture awl penetrat-
ing subchondral bone.

Figure 3. Arthroscopic image of marrow elements flowing
through microfracture holes after tourniquet release.

Figure 1. Arthroscopic image depicting an isolated cartilage
lesion with vertical walls.
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RESULTS

Of the 15 shoulders, microfracture was performed on the
humeral head in 9 cases (60.0%), on the glenoid surface
in 5 cases (33.3%), and on both surfaces in 1 case (6.7%).
The average size of humeral defects was 5.07 cm2 (range,
1.0-7.84 cm2), while that of glenoid defects was 1.66 cm2

(range, 0.4-3.75 cm2). In addition to undergoing microfrac-
ture, 2 patients (13.3%) also underwent lysis of adhesions/
capsular release, and 7 patients (46.7%) underwent sub-
acromial decompression. Four patients (26.7%) had a biceps
tenodesis at the time of surgery. Three patients (20.0%)
underwent microfracture for treatment of avascular necro-
sis of the humeral head, while the other 12 patients
received treatment for focal chondral defects.

Of the 13 shoulders completing all of the surveys and
questionnaire-based follow-ups, VAS, ASES, and SST
scores improved significantly (P \ .05) according to both
the Student t test and Wilcoxon match-pair test analyses.
The average preoperative VAS score was 5.6 6 1.7 (range,
1-9), and at the time of follow-up, the average VAS score
decreased significantly to 1.9 6 1.4 (range, 0-7) (P \ .01).
The SST score also improved significantly from a mean of
5.7 6 2.1 (range, 1-11) preoperatively to 10.3 6 1.3 (range,
6-12) postoperatively (P \ .01). Additionally, there was
a statistically significant increase in ASES score from
a mean of 44.3 6 15.3 (range, 8.3-55) before surgery to
86.3 6 10.5 (range, 45-100) at final follow-up (P \ .01).
These results are summarized in Table 2. After surgery,
the Single Assessment Numeric Evaluation (SANE) score
was 85.6 6 13.3 (range, 65-100). Postoperatively, the Uni-
versity of California–Los Angeles (UCLA) Shoulder Score
was 32.4 6 5.1 (range, 27-35). Twelve of the 13 patients
(92%) claimed that they would repeat the surgery. Finally,
Short Form-12 Health Survey (SF-12) scores postopera-
tively were 49.3 6 10.1 (range, 25-60.1) for the physical
component (PCS) and 53.6 6 8.6 (range, 29.9-60) for the
mental component (MCS).

Physical examination was performed in 8 patients
(8 shoulders). Postoperative objective measures including
range of motion and strength were also compared with
preoperative values. Preoperatively, the mean forward
flexion of patients was 133.8� 6 27.8�, and this improved
to 172.1� 6 10.4� (P 5 .08) postoperatively. The mean pre-
operative abduction value was 127.2� 6 37.2�, and this
improved significantly to 163.3� 6 12.7� (P 5 .05) postop-
eratively. Finally, the mean external rotation value was
54.1� 6 8.7�, and this also improved significantly to 76�

6 12.9� (P 5 .02) postoperatively. The mean postoperative
Constant score, incorporating shoulder strength, was
73.2� 6 4.6� (range, 66.4�-94.8�).

Independent t tests were used to compare the postoper-
ative subjective outcomes of patients who completed ques-
tionnaires only (n 5 5) and those who completed both the
questionnaires and the physical examination (n 5 8).
There was no statistical difference in SST, ASES, SANE,
or SF-12 scores between the 2 groups. Interestingly, the
patients who completed both the examination and surveys
reported decreased pain levels compared with the patients
who only completed the surveys, with a slightly lower
mean postoperative VAS score (P 5 .045). These results
are summarized in Table 3.

For the patients receiving microfracture only, and no
concomitant procedures (n 5 4), VAS improved from
5.75 6 3.3 preoperatively to 2 6 1.8 postoperatively.
The SST scores also improved postoperatively in this sub-
group (5.0 6 4.2 to 10.5 6 1.3), as did the ASES scores
(50.4 6 24.0 to 86.7 6 11.6). In the subgroup of patients
receiving a capsular release in addition to the microfrac-
ture (n 5 2), postoperative improvements were also seen
in VAS, SST, and ASES scores. Specifically, VAS
improved from 4.0 6 0 preoperatively to 2.5 6 3.5 postop-
eratively; SST increased from 6.5 6 2.1 to 9.0 6 4.24; and
ASES improved from 50.83 6 12.96 to 72.5 6 38.89. In
these 2 patients, range of motion also substantially
increased, with forward flexion improving from 105� 6

91.9� preoperatively to 180� 6 0� postoperatively, abduc-
tion improving from 65� 6 35.4� to 160� 6 28.3�, and
external rotation improving from 45� 6 7.1� to 67.5� 6

31.8�. When compared with the patients who did not receive
capsular release (but received other concomitant proce-
dures), the postoperative flexion, abduction, and external
rotation scores were 169.5� 6 13.6�, 164.3� 6 12.7�, and
78.9� 6 9.7�, respectively, values similar to those for the
capsular release patients. Statistical analysis was not per-
formed on these subgroups of patients because of the small
number of patients within each group.

For the 2 patients requiring subsequent resurfacing or
replacement shoulder surgery, the time between the

TABLE 2
Outcomes of Microfracturea

Preoperative Postoperative P Value

VAS 5.6 6 1.7 1.9 6 1.4 \.001
ASES 44.3 6 15.3 86.3 6 10.5 \.001
SST 5.7 6 2.1 10.3 6 1.3 \.001

aASES, American Shoulder and Elbow Surgeon; SST, Simple
Shoulder Test; VAS, visual analog scale.

TABLE 3
Comparison of Subjective Outcomes Among Patients

Completing Questionnaires Versus Those Completing Both
Questionnaires and Physical Examinationa

Surveys Only
Surveys and
Examination

t Test,
P Value

n 5 8
VAS 3.4 6 2.3 0.9 6 1.7 .045
ASES 78 6 11.9 91.5 6 18.9 ..05
SST 9.4 6 2.2 10.9 6 2.1 ..05
SANE 77.4 6 10.4 90.6 6 11.8 ..05
SF-12 Physical 48.2 6 5.1 50.2 6 12.6 ..05
SF-12 Mental 57.1 6 2.9 51.4 6 10.3 ..05

aASES, American Shoulder and Elbow Surgeon; SST, Simple
Shoulder Test; VAS, visual analog scale; SANE, Single Assess-
ment Numerical Evaluation; SF-12, Short Form-12.

6 Frank et al The American Journal of Sports Medicine



microfracture and the subsequent surgery was 16.4
months and 2.5 months, respectively. The age of the
patients at the time of the subsequent surgery was 37
and 21 years old, respectively. The first patient was
a Workers’ Compensation patient, had no prior surgeries
apart from the microfracture procedure, and at the time
of microfracture, this patient also had concomitant
subacromial decompression. Operative findings included
a 10 3 10-mm grade 4 articular cartilage defect located
on the anterior central glenoid with associated extensive
synovitis. The patient has continued complaints of pain
and poor function 3 months after surgery, and she had
no response to subacromial or glenohumeral injection,
although the articular lesions remained the only potential
source of pain. This patient received an open osteochondral
allograft to the glenoid 16.4 months after microfracture.
The other failed patient had undergone 2 ‘‘stabilization’’
surgeries before microfracture procedure and underwent
a subsequent hemiarthroplasty 2.5 months after the micro-
fracture. Operative findings for this patient at the index
procedure included a single focal defect of the humeral car-
tilage with circumferential fraying and thinning of the sur-
rounding cartilage. At the time of the hemiarthroplasty,
there was noted to be significant progression of the articu-
lar lesion with poor fibrocartilage fill. Both patients’ sub-
jective and objective outcomes after the microfracture
procedure were not included in this study as these patients
failed microfracture within 3 months of the procedure and
went on to a revision procedure before this study was com-
pleted. The demographics of these patients are included in
Table 1.

The patient who went on to arthroscopic debridement
and capsular release 3 years after microfracture was also
considered to have failed results. Two years before the
microfracture, this patient had a previous arthroscopic
shoulder stabilization that led to postoperative stiffness
and pain. During the microfracture procedure, a 20 3

20-mm isolated lesion of the humeral head was found,
and this patient also underwent capsular release. After
surgery, the patient did well in terms of pain relief but
had some residual stiffness and mechanical symptoms
after 2 years. After failed conservative therapy including
injections, the patient underwent arthroscopic debride-
ment and capsular release 3 years after microfracture,
at which time extensive degeneration of both the humeral
and glenoid surfaces was found. At the time of follow-up
for this study, 2.8 years after microfracture, this patient
had an ASES of 45, a SANE of 65, SST of 6, VAS of 5, and
forward flexion of 180�, abduction of 140�, and external
rotation of 45�. Because of the low ASES and SANE
scores, as well as his progression on to subsequent sur-
gery, this patient was considered a failure.

Only 2 patients with work-related injuries were seen for
Workers’ Compensation evaluations. One of these patients,
as described above, failed microfracture and went on to
subsequent shoulder surgery, while the other patient
improved both subjectively and objectively, with the excep-
tion of external rotation. Specifically, VAS, ASES, and SST
scores improved in this patient from 9 to 0, 8.33 to 100, and
1 to 12, respectively, while range of motion improved from

100� to 150� (flexion) and 100� to 160� (abduction). Exter-
nal rotation actually decreased in this patient, from 80�
preoperatively to 75� postoperatively; however, this change
was considered negligible.

No additional complications or reoperations occurred in
the entire patient cohort related to their surgical treatment.

DISCUSSION

The results from this study suggest that microfracture is
an effective short-term treatment method for full-thickness
chondral defects of the shoulder. The goal of microfracture
is to encourage chondral resurfacing by gaining access to
the underlying marrow and creating an environment
poised for tissue regeneration through utilizing the body’s
natural vascular response to injury,4,31,37,39 and the basic
science behind the microfracture technique has been thor-
oughly examined.22,33,39 Blood with marrow elements
enters a prepared chondral lesion and organizes into
a fibrous clot, which consists of mesenchymal stem cells,
growth factors, fibrin, and platelets. Cells within the clot
undergo metaplasia to initially form granulation tis-
sue.37,40 Within the first postoperative week, the granula-
tion tissue undergoes fibrosis and then over the course of
6 to 12 months hyalinization and chondrification to ulti-
mately become fibrocartilage if proper rehabilitation and
surgical technique are implemented. This resulting fibro-
cartilagenous tissue ultimately repairs what once was
a full-thickness chondral defect. Because of the molecular
and cellular features of articular cartilage, de novo healing
of such defects is rare, and microfracture has proven to be
a successful, minimally invasive surgical option to stimu-
late healing in the knee.23,34

Recently, the arthroscopic microfracture technique has
also been used as an attempt to correct chondral lesions
in joints other than the knee that are arthroscopically
accessible. In addition to the knee joint, microfracture
has become common in joints that often experience articu-
lar injuries such as the hip, ankle, and elbow, and recently,
articular injuries in the shoulder joint are receiving more
clinical exposure.2,5,6,15,16 While the indications for micro-
fracture as well as the surgical techniques have been clear-
ly defined for the knee joint, there are no reviews in the
literature that discuss the technique of microfracture spe-
cifically in the shoulder, nor are there any case reports.
Because of the success of microfracture in the knee, we
wondered if the results could be repeated in the shoulder.
The purpose of this study was to report our initial results
with the microfracture technique in the shoulder.

The treatment algorithm for articular cartilage defects
in the shoulder is difficult because many of the cartilage
defects encountered during shoulder arthroscopy may be
incidental or secondary findings. Although chondral
lesions in the shoulder are much less common than in oth-
er joints, they may be seen in association with trauma,
instability, rotator cuff tears, or labral injury. Further-
more, it is impossible to determine the source of symptoms
in these shoulders because alternate procedures are often
planned and performed at the same time. For example,
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in this study, several patients also received subacromial
decompression in addition to their microfracture. As previ-
ously mentioned, the diagnosis of symptomatic chondral
lesions is difficult and nonspecific. In addition, the symp-
toms are often overlapping with other potential diagnosis.
Therefore, subacromial decompression was performed in
an effort to address all potential sources of symptoms.

The reported outcomes from simple debridement in
shoulders with chondral disease have been limited, and
the majority of previous reports include patients with dif-
fuse articular disease, not specifically focal defects.10,41 A
recent study by Kerr and McCarty26 described the out-
comes of patients who received arthroscopic debridement
for either unipolar or bipolar cartilage defects of the shoul-
der joint and reported that patients with unipolar lesions
did much better than those with bipolar lesions. However,
while the majority of patients in this study (16/19) received
additional procedures during the debridement, only 2
received microfracture.26 Therefore, it is unknown if micro-
fracture provides improved outcomes over debridement
alone, and further study is warranted.

The indications for microfracture of articular cartilage
defects in the shoulder remain poorly defined. In this
series, our indication for treatment was younger, active
patients with full-thickness defects of glenoid and/or
humeral surfaces. Additionally, we attempted to minimize
confounding variables by choosing patients without signif-
icant coexisting pathological changes to explain their
symptoms (rotator cuff tear or labral tear). The goal was
to provide maximal potential benefit while maintaining
minimal surgical morbidity. More invasive restorative
options for the shoulder have been proposed, including
allograft transplantation and autologous chondrocyte
implantation.14,23 While each of these procedures are via-
ble options, they all require an open procedure with signif-
icant increase in morbidity and risk for complications and
thus are best suited for a second-line treatment option.

The biological implications for microfracture in the
shoulder need further study. From a biological standpoint,
there are significant differences between the shoulder joint
and other joints, which may impact results. First, the artic-
ular cartilage thickness in the shoulder is significantly less
than in the knee or ankle. Specifically, the articular depth
of the glenoid fossa is 1.88 mm, and the humerus is 1.24
mm.42 Additionally, the shape of the glenohumeral joint
may not be ideal for microfracture techniques. Specifically
in the glenoid, the articular cartilage is thickest at the
periphery and tapers toward the center with an area devoid
of cartilage (the bare area), often present at the center of
the glenoid surface. This would suggest that clinically
relevant defects are often present at the periphery of the
glenoid, making them more likely to be uncontained. On
the humeral side, the joint surface is convex, which may
make containment of the initial fibrin clot difficult and sub-
optimal. As discussed above, the initial formation and con-
tainment of the fibrin clot is the important initial step in
fibrocartilage maturation. On the other hand, a potential
advantage of the shoulder joint compared with other joints
is that it is a nonweightbearing joint, which may decrease
load across the repair tissue, resulting in improved results.

Similar to indications, contraindications for microfrac-
ture of articular lesions in the shoulder remain poorly
defined. We would propose similar contraindications to
those reported for the knee joint including diffuse degener-
ative disease, kissing lesions (focal defects with a bipolar
reciprocal corresponding defect), and untreated instability.
It should be noted that in this study, 1 patient received
microfracture to both the glenoid surface and humeral
head; however, we did not feel that this particular patient
had a ‘‘kissing’’ lesion as the defects on both surfaces did
not reciprocate each other in terms of location. Cartilage
lesions due to tumors, infection, inflammatory arthritis,
and/or systemic disease are not considered good candidates
for microfracture.28 The indications for microfracture in
patients with avascular necrosis (AVN) are unclear, as the
volume of patients presenting with this lesion and undergo-
ing microfracture is limited, and thus, the success of micro-
fracture is not yet known. Microfracture can certainly be
considered in patients with AVN with articular cartilage
involvement without collapse. At the current time, we do
not have a size limit because of the paucity of literature
on chondral defects in the shoulder. In this study, defect
sizes ranged from 5 3 8 mm to 28 3 28 mm, and because
of the variety of defect sizes among the relatively small
study population, it was impossible to determine if defect
size had an effect on outcomes. Relative contraindications
include patients with concomitant injuries such as labral,
biceps, or rotator cuff injury. Often intra-articular chondral
defects are incidental findings in the setting of these more
common or prevalent diagnoses and should be considered
as such without primary treatment of the articular cartilage
disease until further data are available.

The results from this study suggest that microfracture is
an acceptable treatment method for isolated chondral
defects of the glenohumeral joint, as the overall success
rate was 80% (3 failures). The 4 patients who received
only microfracture as well as those who also received con-
comitant procedures improved in terms of subjective and
objective outcomes, and thus, it is difficult to evaluate
whether the microfracture procedure itself was responsible
for the improvement in symptoms. Because of the small
number of patients receiving only microfracture (n 5 4),
these patients could not be compared statistically with the
rest of the cohort. The 2 patients who received capsular
release in addition to their microfracture also improved in
subjective and objective outcomes, especially with regard
to range of motion. Thus, while microfracture may have
resulted in substantial pain relief for these patients, thereby
allowing the patients to more comfortably move their
shoulders, the capsular release component of the surgery
may also have contributed to the improved range of motion.

The 3 patients who had further operations subsequent
to the microfracture procedure were evaluated to deter-
mine if any specific factors contributed to the failed micro-
fracture. In the patient who went on to osteochondral
allograft transplantation, there were similar intraopera-
tive findings compared with the rest of the patient cohort.
This patient’s initial cause of injury was work related.
After microfracture, the patient experienced significant
amounts of pain despite physical therapy and steroid
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injections, and it remained unclear as to the origin of the
pain, although the articular defect remained the focal
source of injury. In the patient who required subsequent
hemiarthroplasty, the intraoperative findings again were
similar to the rest of the patient cohort, although some
chondral degeneration was noted beyond the area of micro-
fracture. The initial cause of pain was softball related, and
the patient underwent 2 stabilization surgeries before
microfracture. After microfracture, this patient continued
to experience pain and elected to undergo hemiarthro-
plasty as a salvage procedure. There was clear progression
of the disease at the time of hemiarthroplasty. Finally, in
the patient who went on to arthroscopic debridement and
capsular release, there were also similar intraoperative
findings compared with the rest of the cohort. This patient
initially had microfracture after previous surgery and con-
tinued to have mechanical symptoms several years after
the microfracture, leading him to have further surgery.

We are aware of only 1 other study on microfracture in
the shoulder. Siebold et al32 reported on a prospective
cohort of patients in whom they treated symptomatic chon-
dral lesions of the shoulder with open microfracture and
a superimposed periosteal flap. There are several differen-
ces between their cohort of patients and ours. First, this
study included only 5 patients in whom the majority had
cartilage defects as a result of instability (80%). Three of
the 5 had the instability treated previously, but 2 patients
needed the instability treated at the time of microfracture.
An additional 2 patients had chondral damage from prom-
inent hardware, necessitating implant removal. The most
obvious difference was that these patients were treated
with an open procedure with the addition of a periosteal
flap. Despite the differences in the study, they report sim-
ilar results to ours with this technique, with a statistical
improvement in the Constant and pain scores in a small
patient cohort.32

This study has several limitations, including the retro-
spective nature, lack of control group, and short time of
clinical follow-up. While the average time for follow-up is
over 27 months, some of the patients only had 1 year of
follow-up. Further studies with a larger patient cohort
and longer follow-up are needed to ensure that the results
of microfracture in the shoulder will stand up over time.
Another limitation of this study is the number of concomi-
tant procedures performed in this patient population. A
difficulty with treatment of shoulder chondral injuries is
knowing which injuries are truly symptomatic and which
are incidental. It is impossible to know if the articular
defects were responsible for the preoperative symptoms
in these patients and if the microfracture resulted in whole
or in part for the clinical improvement. In the previously
mentioned 2008 study by Kerr et al,26 this same limitation
was noted, as concomitant procedures, including biceps
tenotomy and SLAP repairs, were performed in 16 of the
19 patients (20 shoulders) undergoing arthroscopic
debridement for either unipolar or bipolar chondral defects
of the glenohumeral joint. In the present study, we did
attempt to minimize confounding variables in this regard
by eliminating patients who underwent formal labral or
rotator cuff repair.

Another limitation is that we did not perform a radio-
graphic analysis of these patients postoperatively to deter-
mine if there had been any interval healing or progression
of arthrosis. Additional studies on this patient population
with magnetic resonance imaging and radiographs are
needed to determine the degree of fibrocartilage fill and
to note any progression of arthrosis. Further second-look
arthroscopic studies with biopsy could be performed to
determine the fill and nature of cartilage produced in
a joint known to have less synovial fluid production and
thinner cartilage.

These preliminary results suggest that isolated chondral
defectsof the shoulder treated withproper microfracturetech-
niques can yield results similar to those reported for the
knee.1,28 Patients can expect improvement in pain, function,
and range of motion. Even those patients with relatively lower
postoperative ASES and SANE scores still experienced
improvement from their preoperative values. However, fur-
ther study is needed to determine the indications for micro-
fracture and further clarify factors predictive of outcome.
Additionally, further long-term clinical studies with larger
patient populations are needed to fully evaluate the effective-
ness of microfracture in the shoulder joint.
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