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Background: The primary aim of this study was to evaluate mid- and long-term outcomes following
microfracture in patients with glenohumeral chondral lesions.
Methods: This prospective cohort study assessed patients with shoulder pain who were treated with
arthroscopic microfracture for full-thickness chondral lesions of the glenohumeral joint. Outcomes
included the Simple Shoulder Test at baseline, mid-term (approximately 1 year) and long-term
(approximately 10 years), and the Oxford Shoulder Score, shoulder pain (0-10 numerical scale) and
radiological assessment using a modified Samilson & Prieto score at long-term follow-up. Data were
analyzed with paired t-tests and Wilcoxon’s signed rank tests, which were considered significant if
P < .05.
Results: Twenty-five patients with a mean age of 52.7 ± 12.1 were enrolled. The mean Simple Shoulder
Test score improved from baseline to 1 year (6.7 ± 2.5 to 11.0 ± 1.4, P < .001), which was maintained at
long-term follow-up (10.3 ± 2.1, P < .001). Additionally, at long-term follow-up, Oxford Shoulder Score
and Verbal Pain Score scores were 43 ± 4.8 and 1.1 ± 1.5, respectively while median modified Samilson &
Prieto scores increased from 1 preoperatively to 2 at 10 years (P < .001).
Conclusion: Patients undergoing microfracture for full-thickness chondral lesions of the glenohumeral
joint reported substantial improvements in shoulder pain and function at 1 and 10 years, despite pro-
gressive radiological degeneration.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The optimal management of symptomatic chondral lesions of
the glenohumeral joint remains challenging, particularly in
younger patients with high functional demands.17,18 Challenges
include difficulty diagnosing isolated chondral lesions, the pres-
ence of concomitant pathology, and a scarcity of evidence regarding
long-term results.1,6,21 When nonoperative strategies have been
exhausted, operative treatment options may be considered, which
are broadly stratified into reparative, restorative, and salvage pro-
cedures. The mainstay reparative procedure is microfracture
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surgery. Restorative options include autologous chondrocyte im-
plantation, matrix-induced autologous chondrocyte implantation,
and autologous osteochondral transfers. Salvage options include
capsular release, biological resurfacing, joint arthroplasty, and
chondroplasty.3,5

Microfracture, first popularized by Steadman et al25 in the
1980’s, is an established management strategy for full thickness
chondral lesions in the knee.15 Surgically created subchondral bone
perforations allow marrow clot formation and migration of
mesenchymal stem cells with associated growth factors to the joint
surface. Subsequent cell differentiation produces histologically
determined ‘hyaline-like’ fibrocartilage, with improvement in
clinical outcomes.12,25 Most evidence regarding microfracture re-
lates to knees,12,25 and the role of microfracture for glenohumeral
chondral defects is less clear. Clinical improvements have been
r and Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1 Microfracture in the presence of a labral repair and partial coverage of a
chondral defect.
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demonstrated in several small cohort studies,7,8,10,14,20,22,23,28 but
long-term data assessing pain, function, osteoarthritis (OA)
progression and subsequent arthroplasty is limited.

Frank et al7 recently published a retrospective cohort study of 16
patients who underwent microfracture for glenohumeral chondral
defects with a mean follow-up of 10 years. They concluded that
microfracture ‘seems to be a feasible treatment option for con-
tained cartilage lesions in active patients, reproducibly yielding
good mid- to long-term outcomes.’ This was based on a statistically
significant improvement in the Oxford Shoulder Score (OSS),
Constant Score, and Subjective Shoulder Value postoperatively.
Three patients (19.8%) in their cohort showed radiological
progression of OA and two patients (12.5%) underwent revision
surgery to hemiarthroplasty during the study period.

Given the limited evidence regarding microfracture in gleno-
humeral OA, we report our experience with microfracture for full
thickness chondral lesions of the glenohumeral joint to a mean
follow-up of 10 years assessing both clinical and radiological
outcomes.

Materials and methods

A prospective cohort from a single surgeon’s practice was
recruited during a four-year period from 2008 to 2012.13 Included
patients had shoulder pain and preoperative imaging (x-ray,
computed tomography or magnetic resonance imaging [MRI])
suggesting glenohumeral OA. Subsequently, during arthroscopy,
these patients were identified as having full-thickness chondral
lesion of the humeral head and/or glenoid, which was treated with
microfracture. Patients were excluded if they had a concomitant
irreparable full-thickness rotator cuff tear due to the inability to
control for the altered mechanics of the glenohumeral joint.
Concomitant shoulder pathology was assessed and treated at the
time of microfracture as per the surgeon’s usual practice, such as
bursectomy and acromioplasty (see Results for details).

Patients completed the Simple Shoulder Test (SST),11 a self-
reported shoulder function questionnaire with range 0-12,
(12 ¼ asymptomatic) preoperatively, at mid-term (approximately 1
year, mean 14.2 ± 9.2 months) and long-term (approximately 10
years, mean 123.7 ± 15.1 months). The OSS (range 0-48,
48 ¼ asymptomatic), numerical pain scale (0-10 scale,
0¼ asymptomatic), and subsequent ipsilateral shoulder procedures
were assessed at 10 years.

Surgical methods

For all patients, a diagnostic shoulder arthroscopy was per-
formed in beach chair position using standard posterior and ante-
rior portals. Chondral defects were assessed visually using a
calibrated probe and concomitant pathology documented. The area
for microfracture was d�ebrided using an arthroscopic shaver to
remove loose cartilage and microfracture performed using a
chondral pick to produce 3-4 mm perforations in the subchondral
bone 3-4 mm apart (Fig. 1). The size of the chondral defect was
determined by measuring the two broadest dimensions with a
calibrated probe, graded in 2 mm increments. On completing the
microfractures, the fluid pump was paused to verify bleeding at the
microfracture sites to ensure adequate depth of perforation. Other
shoulder pathology was addressed according to the surgeon’s
standard practice (see Results for details). Prior to closure, the joint
was gently lavaged to remove debris and retain the chondral
hematoma. Intra-articular local anesthetic was not utilized.

Postoperative care consisted of a broad arm sling for six weeks
with removal for wrist and elbow range of motion exercises. For the
first four weeks, patients were instructed to perform dependent
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elbow and hand pendular exercises. Assisted active elevation was
introduced at four weeks. At six weeks, active shoulder range of
motion exercises were initiated, increasing to overhead exercises at
ten weeks prior to the introduction of resistance exercises.

Radiological methods

Preoperative and long-term postoperative imaging of the
shoulder was undertaken with MRI and plain radiographs. Two
fellowship trained orthopedic surgeons independently reviewed
preoperative and postoperative images, blinded to patient out-
comes. Radiological assessment of OA employed a modified
Samilson & Prieto (mSP) score.4 This modified score assessed joint
degeneration in four stages: stage 1, humeral osteophytemeasuring
less than 3 mm; stage 2, humeral osteophyte measuring at least 3
mm but less than 8 mm; stage 3, humeral osteophyte measuring at
least 8 mm; stage 4, complete obliteration of the glenohumeral
joint space. When surgeon mSP scores differed, they were
subsequently rescored until consensus was achieved (n ¼ 5).

Statistical methods

SST score data normality testing was performed using an
Anderson-Darling test. Preoperative and postoperative SST scores
were assessed with a paired student t-test. Preoperative and
postoperative mSP scores was assessed with a Wilcoxon matched-
pairs signed rank test. Normally distributed data are presented as
mean ± standard deviation, otherwise median and interquartile
ranges are stated. Statistical analysis was performed utilizing
GraphPad Prism version 9 [San Diego, CA, USA], with a P value < .05
considered statistically significant.

Ethical approval was provided by the relevant Human Research
Ethics Committee (ref. 12/32).

Results

Twenty-five patients were enrolled in the study consisting of 18
(72%)males and 7 (28%) females, with amean age at time of surgery
of 52.7 ± 12.1 years (range 28-71 years). All patients were right
hand dominant, with 11 (44%) having microfracture performed on



Table I
Patient reported outcomes, chondral lesion size, and intraoperative copathology.

Patient number Preoperative SST Mid-term SST Long-term SST Oxford shoulder score Pain score Chondral lesion
size (mm)

Intraoperative copathology

1 9 11 11 48 0 10 � 30 SLAP tear, Hill-Sach's lesion,
biceps tendinopathy

2 7 8 5 37 5 10 � 15 Nil
3 7 12 12 39 2 8 � 10 Biceps tendinopathy, labral

tear, SA bursitis
4 3 12 12 48 0 20 � 15 Bursitis, SA spur
5 6 11 10 43 0 10 � 10 SS tendinopathy, bursitis, SA

spur
6 0 12 7 45 0 15 � 10 Unstable biceps, SA bursitis, SA

spur
7 7 11 9 36 0 30 � 40 Biceps tendinopathy, SLAP tear,

SA bursitis
8 7 10 12 44 2 12 � 18 SS tendinopathy, SA bursitis, SA

spur, ACJ OA
9 6 12 11 44 1 12 � 8 SA bursitis, SA spur
10 7 10 10 33 3 20 � 25 Loose bodies, SS tendinopathy,

SA bursitis, SA spur
11 4 12 12 45 0 20 � 20 SA bursitis, biceps

tendinopathy
12 10 12 12 41 4 20 � 15 SS tendinopathy, bursitis, SA

spur
13 8 12 12 48 0 12 � 15 SA bursitis, SA spur, ACJ OA
14 11 12 10 42 1 20 � 20 Labral tear, SLAP tear
15 4 9 8 34 1 20 � 8 SS tendinopathy, SA bursitis, SA

spur
16 8 11 12 48 0 15 � 8 SA bursitis, ACJ OA
17 7 7 7 42 3 5 � 12 SLAP lesion, SA bursitis, SA spur
18 8 12 12 48 0 12 � 17 SA spur, SA bursitis
19 5 12 10 46 0 15 � 15 SA bursitis
20 10 12 12 48 0 10 � 15 SS tendinopathy, SA bursitis, SA

spur
Mean (sd) 6.7 (2.5) 11.0 (1.4) 10.3 (2.1) 43.0 (4.8) 1.1 (1.5)

Preoperative, mid-term postoperative and long-term postoperative Simple Shoulder Test (SST) scores (range 0-12, 12 asymptomatic). Long-term post-operative Oxford
Shoulder Scores (range 0-48, 48 asymptomatic) and Pain Scores (range 0-10, 0 asymptomatic). Intraoperative chondral lesion size and diagnosed copathology.
SST, Simple Shoulder Test; SLAP, superior labral anterior to posterior tear; SA, subacromial; SS, supraspinatus; OA, osteoarthritis; ACJ, acromioclavicular joint; SD, standard
deviation.
P < .05 = statistically significant.
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the right shoulder. The median chondral defect size was 1.9 cm2

(interquartile range 1.3-3.0, n ¼ 20 patients), consisting of 4 hu-
meral, 17 glenoid, and 4 bipolar lesions. Mid-term follow-up
occurred at a mean of 14.2 ± 9.2 months (range, 3-47 months)
postoperatively, and long-term follow-up a mean of 123.7 ± 15.1
months (range, 99-144 months). Five patients were lost to follow-
up. Only patients with both mid- and long-term data were
included in the statistical analysis (20 of 25 patients, 80%).

Twenty-four (96%) patients had concomitant, intraoperatively
confirmed shoulder pathology (Table I) including subacromial
bursitis (n ¼ 19), subacromial spurs (n ¼ 13), labral tears (n ¼ 10),
supraspinatus tendinopathy (n ¼ 6), and biceps tendinopathy
(n ¼ 5). This highlights the additional pathology likely to be
encountered when performing glenohumeral microfracture.
Concomitant pathology was treated at the time of surgery as
required with bursectomy (n ¼ 18), acromioplasty (n ¼ 16), labral
repair (n ¼ 5), biceps tenodesis/tenotomy (n ¼ 7), lateral clavicle
excision (n ¼ 4), or Latarjet procedure (n ¼ 1). Of the 20 patients
followed up at long-term, none had undergone a subsequent
operative procedure on the affected shoulder.

The SST score improved from 6.7 ± 2.5 preoperatively, to
11.0 ± 1.4 (P < .001, n ¼ 20) at mid-term follow-up. At mean long-
term follow-up of 123.7 months, the SST score was maintained at
10.3 ± 2.1 (P < .001, n ¼ 20). An evaluation of chondral lesion size
and location (bipolar vs. unipolar) did not show any statistically
significant difference in outcome. At long-term follow-up, mean
OSS was 43 ± 4.8 and mean Verbal Pain Score was 1.1 ± 1.5.
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Preoperative radiological assessment involved a combination of
MRI (n ¼ 4) and plain radiographs (n ¼ 19). Long-term post-
operative assessment utilized plain films only (n¼ 20). Radiological
review demonstrated progression of OA, with an increase in me-
dianmSP from 1 preoperatively to 2 at long-term follow-up (n¼ 19,
P < .001) (Fig. 2).

Discussion

This prospective cohort study found that patients reported
reduced pain and higher function following microfracture of full-
thickness chondral lesions of the glenohumeral joint. This
improvement was maintained at 10þ years, despite radiological
progression of OA. The mean improvement in SST score (4.3) ex-
ceeds the minimal clinically important difference of 2-3 points.19,26

The high OSS (43 ± 4.8) and low numerical pain score (1.1 ± 1.5)
provided further evidence that the cohort achieved satisfactory
long-term joint function.

Studies with comparable long-term follow-up and cohort size
(16-27 patients) have similarly described improved patient re-
ported outcome measures following microfracture of the gleno-
humeral joint.7,10,28 Frank et al7 investigated 16 patients following
microfracture and demonstrated statistically significant
improvement in Constant Score, OSS, and Subjective Shoulder
Value (mean follow-up 10 years), with 88% of their cohort
returning to preoperative levels of activity. The cartilage defects
were less than 25 mm in diameter in all patients, though the



Figure 2 Example preoperative plain radiograph (Left) and 10-year long-term follow-up (Right). Modified Samilson & Prieto (mSP) joint degeneration score of 1 (Left) and 3 (Right).
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measurement technique was not stated. Seven patients had
concomitant procedures including subacromial decompression,
rotator cuff repair, and bicep tenotomy/tenodesis. Wang et al28

investigated 16 patients (17 shoulders) and reported statistically
significant improvement in visual analog score, American Shoul-
der and Elbow Surgeons, and SST scores at similar long-term
follow-up. Patient sex, chondral lesion location, and size
(average humeral lesion 5.2 cm2, average glenoid lesion 1.5 cm2)
had no significant correlation with patient reported outcome
measures assessed. Furthermore, no significant difference was
found in long-term outcomes between patients who did and did
not undergo concomitant procedures (biceps tenodesis, distal
clavicle resection, rotator cuff repair, subacromial decompression)
at the time of microfracture (11 of 17 had concomitant proced-
ures). With regard to physical performance, Hünnebeck et al10

investigated 27 patients and demonstrated improved internal
rotation post glenohumeral microfracture, but no statistically
significant improvements in other shoulder movements. Hünne-
beck et al10 reported significantly lower Subjective Shoulder Value
scores at long-term follow-up in those patients with bipolar le-
sions compared to unipolar lesions, which supplements the trend
seen in other studies.7,28 Hünnebeck et al10 did not report lesion
size but indicated that lesions were big enough to locate at least 2-
3 microfracture punctures. Similar to our study and others, Hün-
nebeck et al10 included concomitant treatments in more than one-
half of the patients, which obscured the specific effects of micro-
fracture. Overall, our results align with other case series and
provide evidence that patients improve following microfracture,
though often in the context of concomitant treatments.

Microfracture has a number of advantages. It is relatively low
risk, has utility in combination with concurrent procedures, and
preserves joint integrity for subsequent operations. Its use in
managing knee chondral defects is well established, with evidence
supporting clinical improvement in the mid- and long-term,15,29

however a significant proportion of patients eventually undergo
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knee arthroplasty.24 In the shoulder, less data exists, with lower
patient numbers and shorter follow-up intervals. The ‘failure rate’
as measured by subsequent reoperation and/or arthroplasty
following glenohumeral microfracture is between 5% and
30%7,9,10,14,28 with previous studies reporting the mean time to
‘failure’ being within 5 years of surgery.7,14,28 Our study reports a 0%
failure rate at mean follow-up of 10.3 years with the described
surgery and rehabilitation protocol. This is despite overall radio-
logical evidence of OA progression. This is especially important for
younger patients, where microfracture may allow higher levels of
activity to be resumed and delay the need for joint-sacrificing
procedures. Hünnebeck et al10 and Frank et al7 similarly reported
radiological progression of OA within their patient cohorts, how-
ever, they also reported a higher subsequent arthroplasty rate of
18.5% and 12.5% respectively.

This study had several limitations. Despite being 1 of the largest
studies looking at long-term outcomes of microfracture of the
glenohumeral joint, patient numbers were still relatively small and
the loss of five patients at long-term follow-up introduces the po-
tential for nonresponse bias. Although the utility of the OSS and
numerical pain score is limited in the absence of a preoperative
comparator, theywere added as a protocol amendment to the long-
term follow-up to allow broader outcome comparisons. The size of
chondral defects varied considerably which increases the general-
izability of the study. Outcomes did not vary significantly according
to the size of the lesion, suggesting that microfracture could still be
useful for smaller chondral lesions. The size of each chondral lesion
was estimated using a calibration probe and might include mea-
surement error. The high proportion of patients that had a con-
current procedure (24 of 25 patients) and the absence of a
comparison group makes it difficult to distinguish the benefit of
microfracture from concurrent procedures. The British Medical
Journal Rapid Recommendation2,16,27 suggested there is no clinical
benefit of subacromial decompression alone when compared to
placebo. Given that 72% of patients in this study had either
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acromioplasty or bursectomy performed as the concurrent pro-
cedure, it supports a conclusion that the improvement in SST scores
were a result of the microfracture, rather than the decompression.
Despite the lack of control group, our results demonstrate that
patients receiving microfracture reported sustained benefits for
more than ten years.

The strengths of this study include the homogeneity in opera-
tive methods (single surgeon, single center), standardized reha-
bilitation, relatively large cohort size compared to previous studies,
and the extended duration of follow-up. This study adds to scarce
literature regarding the role of microfracture of the glenohumeral
joint. Further research is needed to aid in accurate preoperative
identification of isolated chondral lesions of the glenohumeral
joint, and to assess how early microfracture may influence conse-
quent joint degeneration in the long-term. This research would
ideally include larger patient numbers, isolated lesions to avoid
concomitant procedures and a control group.

Conclusion

This study demonstrated symptomatic improvement post-
microfracture of glenohumeral osteochondral defects when com-
bined with concomitant procedures, maintained 10 years
postoperatively. Although radiological progression of OA was seen,
no patients required subsequent procedures including joint
arthroplasty. In conclusion, relatively young patients with con-
tained small chondral defects who undergo microfracture along
with other concomitant procedures may experience good long-
term outcomes with respect to pain and function.
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