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Background: Bone marrow stimulation (BMS) is a common surgical intervention in the treatment of small osteochondral lesions of
the talus (OLTs). Evidence has shown good clinical outcomes after BMS in the short term, but several studies have shown less
favorable results at midterm and long-term follow-up because of fibrocartilaginous repair tissue degeneration.

Purpose: To evaluate the clinical and radiological outcomes of BMS in the treatment of primary OLTs at midterm and long-term
follow-up and to investigate reported data in these studies.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic search of the MEDLINE, Embase, and Cochrane Library databases was performed in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Clinical and radiological outcomes as
well as reported data were evaluated.

Results: A total of 15 studies comprising 853 patients (858 ankles) were included at a weighted mean follow-up time of 71.9
months. There were 9 studies that used the American Orthopaedic Foot & Ankle Society (AOFAS) score, with a weighted mean
postoperative score of 89.9. There were 3 studies that measured postoperative magnetic resonance imaging results in the midterm
using the MOCART (magnetic resonance observation of cartilage repair tissue) scoring system and showed 48% of patients with
complete filling, 74% with complete integration, and 76% with surface damage. There was a complication rate of 3.4% and a
reoperation rate of 6.0% after BMS in the midterm.

Conclusion: This systematic review found good clinical outcomes after BMS at midterm follow-up for primary OLTs. Radiological
outcomes showed repair tissue surface damage in the majority of patients, which may be a harbinger for long-term problems. Data
were variable, and numerous data were underreported. Further high-quality studies, a validated outcome scoring system, and
further radiological reports at midterm follow-up are required to accurately assess the success of BMS in the midterm.
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Arthroscopic bone marrow stimulation (BMS), including
microfracture, is the most common reparative surgical pro-
cedure performed for the treatment of primary osteochon-
dral lesions of the talus (OLTs). This procedure is typically
indicated for smaller sized lesions.8,9,34 BMS breaches the
subchondral plate, which leads to the release of mesenchy-
mal stem cells and growth factors that ultimately fill the
defect with fibrocartilaginous repair tissue.6,27

BMS has been shown to provide favorable short-term clin-
ical outcomes,9,36,44 but several clinical studies have shown
that midterm to long-term outcomes have less satisfactory
results, as fibrocartilage repair tissue may deteriorate over
time.13,23,26,38,42 Recently, several studies have shown that
subchondral bone is also not fully restored after BMS and
may degrade over time.35,37,38 The deterioration in both car-
tilage and subchondral bone suggests that BMS may fail in
the long term. Clinically, the progression to ankle osteoar-
thritis has been observed in up to one-third of patients after
BMS in the mid- to long term.13,42 Despite the mounting
evidence that BMS fails over time, there are conflicting
results, with excellent mid- to long-term clinical outcomes

The Orthopaedic Journal of Sports Medicine, 7(10), 2325967119879127
DOI: 10.1177/2325967119879127
ª The Author(s) 2019

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.

https://doi.org/10.1177/2325967119879127


of BMS having been reported in several studies.3,5,24 There-
fore, there is still a lack of consensus regarding the success of
BMS at midterm and longer term follow-up.

The purpose of this systematic review was to evaluate
the clinical and radiological outcomes, analyzing the level
of evidence (LOE) and quality of evidence (QOE), of BMS in
the treatment of OLTs at greater than 4 years after
surgery.39

METHODS

Search Strategy

A systematic review of MEDLINE, Embase, and Cochrane
Library databases was conducted by 2 authors (J.T., C.M.)
in January 2018 based on the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines.25 The search terms used were the following:
(arthroscopy OR arthroscopic OR microfracture OR micro
fracture OR drill OR drilling OR bone marrow stimulation)
AND (osteochondral OR cartilage OR chondral OR osteo-
chondritis dissecans OR transchondral) AND (ankle OR
talus OR talar). The available articles were then screened
for inclusion based on the inclusion and exclusion criteria
in Table 1.

Titles, abstracts, and full texts were compiled and
reviewed by 2 independent reviewers using the criteria men-
tioned above. Any discrepancies were resolved by consensus,
and if any disagreement persisted, final adjudication was
made by the senior author (J.G.K.). A total of 15 studies met
the inclusion criteria and were included in the study.

Assessment of LOE and Methodological Quality

The LOE of each study included was assessed using The
Journal of Bone and Joint Surgery published criteria.29

The methodological quality of evidence was assessed using
the modified Coleman Methodology Score (MCMS) based
on the modification made to the scoring system, which
ensures specificity to OLTs.34 A total of 2 independent
reviewers determined the MCMS for each included study.10

If a disagreement existed, the score was reviewed by the
senior author and consensus was reached. Studies were
considered excellent if they scored between 85 and 100
points, good if they scored between 70 and 84 points, fair
if they scored between 55 and 69 points, and poor if they
scored less than 55 points.34

Data Extraction and Evaluation

A total of 2 reviewers independently extracted data from each
study and assessed the variable reporting of outcome data
using parameters of previously published criteria for the
treatment of OLTs.17 We also collected clinical characteris-
tics, including patient age, sex, body mass index (BMI), lesion
location, lesion size, and follow-up time. Moreover, objective
and subjective outcomes, postoperative imaging findings,
complications, and revisions were extracted and evaluated.
Data were extracted and collated using aggregated data from
the studies and not based on individual patient outcomes or
characteristics. We defined midterm follow-up as �48
months based on previous literature pertaining to OLTs.39

Statistical Analysis

All other statistical analyses were performed using SAS
software version 9.3 (SAS Institute). Descriptive statis-
tics were calculated for all continuous and categorical
variables. Continuous variables were reported as the
weighted mean and estimated standard deviation,
whereas categorical variables were reported as frequen-
cies with percentages. P < .05 was considered statisti-
cally significant.

TABLE 1
Inclusion and Exclusion Criteria

Inclusion Criteria
Clinical studies reporting outcomes after primary bone marrow

stimulation including microfracture, drilling, and abrasion
Treatment for osteochondral lesion of the talus
Follow-up �48 mo
Studies involving a minimum of 10 participants
Published in a peer-reviewed journal
Written in English
Full-text version available

Exclusion Criteria
Review articles
Nonprimary defects
Treatment involving debridement alone
Case reports
Cadaveric studies
Animal studies
Technique articles
Use of scaffolds and biological adjuncts
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RESULTS

A total of 2077 results were obtained from the literature
search. Of these studies, 15 studies met the inclusion crite-
ria outlined and were included in the current review** (Fig-
ure 1). The 15 included studies were published between
1999 and 2016.

Patient Characteristics

A total of 853 patients were identified; in total, 858 ankles
underwent BMS for primary OLTs. The weighted mean
patient age was 35.3 years, and the weighted mean
follow-up was 71.9 months (range, 48-141 months). The
weighted mean lesion size was 110.5 mm2 (range, 87-140
mm2). Patient demographic and clinical characteristics are
shown in Table 2.

LOE and QOE

Of the 15 studies, there were 11 with LOE 4,†† there were 3
with LOE 3,5,7,18 there was 1 with LOE 2,24 and there were

no studies with LOE 1. The mean MCMS was 60; there was
1 study of excellent quality, 1 study of good quality, 9 stud-
ies of fair quality, and 4 studies of poor quality using the
MCMS criteria. The mean number of patients in each study
was 57 (range, 12-298). There were 6 studies that had a
study population of �50 patients that received BMS.

Methods of BMS Used

Within the 15 studies chosen, various methods of BMS were
utilized. Microfracture and drilling were the most common
methods of BMS implemented, while abrasion was less
commonly used. Different methods of BMS were used
within the same study on occasion.

Reported Data

The defined data reported in the included studies are
shown in Table 3. While demographic information (sex and
age) was well reported (100.0%), patient history was poorly
reported (53.3%). Most aspects of the study design were
well reported (84.2%); however, lesion classification sys-
tems utilized (53.3%) and methods of lesion size measure-
ment (40.0%) were poorly reported. Clinical variables were
also poorly reported (58.9%), including lesion size (60.0%),
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

**References 1–3, 5, 7, 12, 13, 15, 18, 20, 22, 24, 32, 33, 42.
††References 1–3, 12, 13, 15, 20, 22, 32, 33, 42.
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presence of cysts (53.3%), associated abnormality (33.3%),
and concomitant procedures (20.0%). Soft tissue impinge-
ment was the most common associated abnormality,
reported in 197 (50.4%) of 391 patients, and osteophytes
were reported in 78 (20.0%) of 391 patients. Patient-
reported outcomes (73.4%) were well reported; however,
preoperative pain, function, and activity scale (46.7%) were
inadequately described. Follow-up magnetic resonance
imaging (MRI) was reported in 26.7% of studies, but only
3 studies (20.0%) reported MRI at midterm follow-up
(weighted mean follow-up, 72.8 months). Follow-up radio-
graphs (46.7%) and computed tomography (0.0%) were also
poorly reported modalities.

Clinical Outcomes

Clinical and functional outcomes are shown in Table 4. The
American Orthopaedic Foot & Ankle Society (AOFAS) score
was the most commonly reported outcome measure, followed
by the visual analog scale (VAS). The AOFAS score was uti-
lized in 9 (60.0%) included studies. The weighted mean post-
operative AOFAS score was 89.9 (range, 78.4-91.8) at a
weighted mean follow-up of 71.3 months (range, 48-141
months). Of the 9 studies, 6 studies provided both pre- and
postoperative AOFAS scores, and the weighted mean
improvement was 24.5 points (range, 16.0-38.5 points).Based
on the available data, there appears to be no difference in
AOFAS scores when comparing those with a longer term
follow-up to those with shorter follow-up times. A total of 4
studies utilized the VAS. The weighted mean preoperative
VAS score was 7.2 (range, 6.5-7.9) of a possible 10, and the
weighted mean postoperative VAS score was 2.4 (range, 1.8-
2.6). The weighted mean change from the pre- to postopera-
tive VAS score was 4.9 (range, 4.1-6.1).

Radiological Outcomes

A total of 3 studies (20.0%) utilized MRI for follow-up
assessments at midterm follow-up (48-month minimum fol-
low-up). These 3 studies reported on a total of 54 patients
using the MOCART (magnetic resonance observation of
cartilage repair tissue) scoring system.28 At a weighted
mean follow-up of 72.8 months (range, 55.0-94.8 months),
48% of patients showed complete cartilage filling of the
defect, 28% showed hypertrophy, and 24% had incomplete
defect filling after BMS. Moreover, 74% of patients showed
complete integration of reparative tissue into adjacent car-
tilage, and 26% had incomplete integration with native car-
tilage. Surface damage (fibrillations, fissures, and
ulcerations) was reported in 76% of patients, and 78%
showed inhomogeneous reparative cartilage.

Follow-up radiographs were reported in 8 studies
(53.3%) at a weighted mean follow-up time of 90.3 months
(range, 48.0-141 months). A total of 4 separate radio-
graphic systems were described, including the osteoarthri-
tis classification described by van Dijk et al43 (3 studies),
the Berndt and Harty4 classification (2 studies), the Kellg-
ren and Lawrence21 classification (1 study), and the Taka-
kura et al41 classification (1 study). According to the van
Dijk et al43 classification, in a total of 119 patients, 9.5% of

TABLE 2
Patient Demographics and Clinical Characteristicsa

Studies, n 15
Ankles/patients, n 858/853
Sex, male/female n 512/341
Age, y 35.3 (24.7-41.9)
Body mass index, kg/m2 24.7 (23.4-25.4)
Duration of symptoms, mo 24.1 (6.7-34.0)
Follow-up, mo 71.9 (48.0-141.0)
Lesion size, mm2 110.5 (87.0-140.0)
Lesion location, %

Medial 73.4
Central 1.8
Lateral 24.4

aData are presented as weighted mean (range) unless otherwise
indicated.

TABLE 3
Summary of Reported Dataa

Percentage of
Studies

Characteristic information 100.0
Sex 100.0
Mean age 100.0

Patient history 53.3
Body mass index 26.7
Mean duration of symptoms 53.3
Previous traumatic experiences 60.0
Activities of daily living/athletic
participation

73.3

Study design 84.2
Type of study 100.0
Number of patients 100.0
Percentage of patients in follow-up 100.0
Consecutive patients 80.0
Follow-up time 100.0
Method of lesion size measurement 40.0
Lesion classification system utilized 53.3
Surgical approach used to access lesion 100.0

Clinical variables 58.9
Lesion size 60.0
Lesion location 93.3
Presence of cyst 53.3
Associated abnormality 33.3
Concomitant procedures 20.0
Description of rehabilitation 93.3

Imaging data 52.2
Imaging used to identify lesion 93.3

Diagnostic radiograph 66.7
Diagnostic MRI 60.0
Diagnostic CT 20.0

Imaging used at follow-up 75.0
Follow-up radiograph 46.7
Follow-up MRI 26.7
Follow-up CT 0.0

Patient-reported outcomes 73.4
Pain, function, and activity scale
preoperatively

46.7

Pain, function,andactivityscaleat follow-up 100.0

aCT, computed tomography; MRI, magnetic resonance imaging.
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patients had stage 2 or 3 osteoarthritis, demonstrating
joint space narrowing or total deformation of the joint
space, at a weighted mean follow-up of 102 months (range,
71-141 months). Arthritic progression was observed in
64.2% of patients within this subgroup.

Complications and Revision Surgery

Complication rates ranged from 0% to 14% in the included
studies. In total, 17 (3.4%) of 504 patients had postoperative
complications. The most common complication was

superficial peroneal nerve neuropathy (n¼ 8) and portal site
pain (n ¼ 3). Other complications included deep peroneal
nerve paresthesia (n ¼ 1), arterial bleeding (n ¼ 1), plantar
fasciitis (n ¼ 1), saphenous neuropathy (n ¼ 1), keloid for-
mation at a portal site (n¼ 1), and sinus tract formation (n¼
1). In total, of the 679 patients in whom reoperations were
reported (10 studies), 41 (6.0%) underwent reoperations. A
total of 14 patients underwent a reoperation of an unknown
procedure, 6 patients underwent repeat arthroscopic BMS, 7
patients underwent repeat arthroscopic surgery and
debridement, 8 patients underwent osteochondral autograft

TABLE 4
Summary of Clinical Outcomesa

Author (Year) n Follow-up, mo
Clinical Outcome
Measures Used

Preoperative/
Postoperative Scoreb Imaging Complications, n Reoperations, n

Baker and Morales1

(1999)
12 121 N/A N/A Radiograph N/A 1

Becher et al2 (2010) 45 70 Modified HSS, VAS
(pain)

HSS: 19 (49%) excellent,
12 (31%) good,
4 (10%) satisfactory

VAS: 6.5/2.4

MRI (MOCART) 0 4

Becher et al3 (2015) 15 94.8 AOFAS, HSS AOFAS: 90 MRI (MOCART) 0 0
Bohnsack et al5 (2003) 68 57 AOFAS, HSS AOFAS: 68/90 N/A (none) 1 14
Choi et al7 (2013)

(chondral)
210 50 AOFAS, VAS (pain) AOFAS: 65.2/85.1

VAS: 7.2/2.6
N/A (none) N/A 4

Choi et al7 (2013)
(osteochondral)

88 57 AOFAS, VAS (pain) AOFAS: 65.2/85.2
VAS: 6.9/2.6

N/A (none) N/A 2

Domayer et al12 (2011) 14 55 AOFAS, Cincinnati AOFAS: 39.9/78.4 MRI (MOCART) N/A N/A
Ferkel et al13 (2008) 50 71 AOFAS, Alexander,

modified Weber
AOFAS: 84 Radiograph (van Dijk

classification)
7 7

Gregush and Ferkel15

(2010)
31 88 AOFAS, Berndt and

Harty, modified
Weber, SANE,
SF-36

AOFAS: 75 (n ¼ 13)/89
(all), 91 (n ¼ 13)c

Radiograph (van Dijk
classification)

0 0

Hannon et al18 (2016)
(BMS only)

12 77 FAOS, SF-12 FAOS: 54.8/68.3 MRI (MOCART) at 2 y 0 N/A

Hunt and Sherman20

(2003)
28 66 Berndt and Harty,

Martin, SANE
Berndt and Harty:

13 (46%) good,
13 (46%) fair, 2 (8%) poor

N/A (none) 0 1

Kumai et al22 (1999) 17 55 Berndt and Harty Berndt and Harty:
12 (70.6%) good,
5 (29.4%) fair, 0 (0.0%)
poor

Radiograph (Takakura
classification)

N/A N/A

Lee et al24 (2015)
(cyst)

45 48 AOFAS, AAS, VAS AOFAS: 64.8/91.8
VAS: 7.5/2.3

Radiograph (Berndt
and Harty)

0 N/A

Lee et al24 (2015)
(noncyst)

57 48 AOFAS, AAS, VAS AOFAS: 66.2/91.3
VAS: 7.3/2.2

Radiograph (Berndt
and Harty)

0 N/A

Ogilvie-Harris and
Sarrosa32 (1999)

33 106 Ogilvie-Harris score Ogilvie-Harris score:
pain (25 excellent),
swelling (32 excellent),
stiffness (31 excellent),
limping (31 excellent),
activity (30 excellent)

Radiograph (Kellgren
and Lawrence)

0 0

Polat et al33 (2016) 82 121 AOFAS, VAS (pain) AOFAS: 58.7/85.5
VAS: 7.9/1.8

Radiograph (Takakura
classification)

5 2

van Bergen et al42

(2013)
50 141 AOFAS, Berndt and

Harty, Ogilvie-
Harris score, SF-12

AOFAS: 88 (median) Radiograph (van Dijk
classification)

4 6

aAAS, Ankle Activity Score; AOFAS, American Orthopaedic Foot & Ankle Society; FAOS, Foot and Ankle Outcome Score; HSS, Hannover
Scoring System; MOCART, magnetic resonance observation of cartilage repair tissue; MRI, magnetic resonance imaging; N/A, not applicable;
SANE, Single Assessment Numeric Evaluation; SF-12, 12-Item Short Form Health Survey; SF-36, 36-Item Short Form Health Survey; VAS,
visual analog scale.

bPostoperative score if reported alone.
cn ¼ 13 are patients who provided both pre- and postoperative AOFAS scores.
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transfer, 2 patients underwent autologous chondrocyte
implantation, 2 patients underwent arthroplasty, 1 patient
underwent arthrodesis, and 1 patient underwent an open
BMS procedure.

DISCUSSION

The most important finding of our study was that BMS in the
treatment of primary OLTs resulted in good clinical outcomes
but concerning radiographic outcomes at midterm follow-up
(�48 months; mean, 71.9 months). Although the poor meth-
odological quality and poor LOE make it difficult to draw
clinical recommendations from the literature, this review
gives insight into the natural history, clinical outcomes, and
radiological outcomes after BMS in the treatment of primary
OLTs. The current study found good clinical outcomes based
on the AOFAS score; however, the radiological and MRI out-
comes did not show similarly positive results. The complica-
tion rates after the procedure were relatively low, and the
data showed a reoperation rate of 6.0% in the midterm. How-
ever, the current study shows that there is evident radiolog-
ical deterioration after BMS at midterm follow-up, and this
may be a harbinger for future clinical deterioration.

Both the AOFAS and VAS scores observed in the current
study showed good midterm clinical outcomes after BMS.
Several studies have shown recently that clinical outcomes
deteriorate in the long term after BMS.15,38 This was not
reflected in the current study, and therefore, it is reason-
able to say that BMS may provide successful midterm func-
tional outcomes for smaller OLTs. However, there is
concern that a total of 13 different scoring systems were
used to evaluate clinical outcomes after BMS for the treat-
ment of OLTs. Despite the AOFAS score being the most
utilized clinical outcome measure, this broad heterogeneity
in outcome scoring systems highlights the absence of a val-
idated outcome measure for OLTs. The AOFAS score has
not been validated for the clinical outcomes of OLTs but
nonetheless remains commonly utilized.

In comparison with excellent clinical outcomes at mid-
term follow-up, the radiological results after BMS were less
promising. While postoperative MRI studies are crucial in
the assessment of cartilage repair, only 3 studies reported
MRI outcomes at midterm follow-up. A high rate of surface
damage (fissures, fibrillations, and ulcerations), inhomoge-
neous repair tissue, and incomplete repair cartilage inte-
gration with native adjacent cartilage was found. This may
suggest a potential concern for deterioration and failure of
fibrous cartilage repair tissue in the longer term. However,
fibrous tissue degradation has not shown to be clinically
relevant in the midterm. Recent studies have also reported
that the subchondral bone as well as fibrocartilage tissue
deteriorates over time after microfracture.37,38 The durabil-
ity of both the cartilage and underlying subchondral bone is
of great concern in the long term. Two long-term studies
have shown that on plain radiographs, a 1-grade increase in
the arthritis level was observed in one-third of patients
compared with their preoperative radiographs,33,42 but no
MRI studies have been performed with long-term follow-
up. This lack of midterm to long-term MRI data should be

addressed by future studies, allowing for the assessment of
the degree of repair and cartilage quality.

The current review demonstrated significant variability
and underreporting of clinical data in the included studies.
Although basic information, including the age and number
of patients, was well reported, other critical information
was poorly reported. The mean lesion size was reported
by only 60.0% of studies, despite this being the most reliable
prognostic factor of clinical outcomes after BMS for the
treatment of OLTs.34 BMI has also shown to be a prognostic
factor of clinical outcomes,2,12 but BMI was reported in only
26.7% of studies in the current analysis. Although the pres-
ence of a cyst, associated abnormalities, and concomitant
procedures can have a significant effect on patient out-
comes, these data were poorly reported. This variability
and underreporting, along with other factors, make it dif-
ficult to draw significantly robust conclusions regarding
predictors of the effectiveness of BMS at midterm follow-
up from the included studies.

The current review reported a 3.2% complication rate
and a 6.0% reoperation rate at midterm follow-up after
microfracture. Based on the predicted degeneration of
fibrocartilaginous repair tissue and reported MRI deterio-
ration, there is concern that reoperation rates may rise in
the long term. To improve the longevity of cartilage repair
tissue, biological augmentation including platelet-rich
plasma and concentrated bone marrow aspirate have
become increasingly popular for the treatment of OLTs by
enhancing the biological environment during healing.19

There is evidence demonstrating the beneficial effects of
platelet-rich plasma and concentrated bone marrow aspi-
rate on cartilage repair.14,16,18,40 In the current investiga-
tion, no study reported on the use of any biological
augmentation. Therefore, further studies are necessary to
investigate the effects of these biologics on the longevity of
repair cartilage and longer term outcomes in the treatment
of OLTs.

Limitations

A high level of clinical evidence and good methodological
quality are fundamental to making decisions about inter-
ventions for treating patients. A low LOE and methodolog-
ical quality of evidence are more likely to show bias in
comparison with a higher level LOE and methodological
quality of evidence.30,31 In the current systematic review,
the LOE was poor in the reported literature. There were no
level 1 studies included, and 73.3% of studies were level 4.
The MCMS showed that only 1 study was regarded as excel-
lent. This is consistent with the literature on cartilage
repair as a whole. Level 1 evidence is absent for midterm
to long-term outcomes after BMS, so caution should be
taken when assessing reported outcomes after BMS. Fur-
thermore, retrospective case series were pooled. Methodo-
logical bias may therefore be found because of evidence
being retrieved from a simplified pooling method based on
a lower LOE. As a result, pooled calculated success rates
should not be used when making decisions about a specific
treatment technique but should be used to inform patients
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of the potential success percentage rates of a particular
surgical strategy.11

CONCLUSION

The current systematic review found good clinical outcomes
after primary BMS at midterm follow-up. Radiological out-
comes were less promising, exposing repair tissue surface
damage in the majority of patients. This may lead to recur-
rence and reoperations at long-term follow-up based on
data reporting repair tissue degradation. The systematic
review also exposed that data were variable and numerous
predictive aspects were largely underreported. This makes
a meaningful analysis challenging and may confound any
recommendation based on this systematic review. Further
high-quality studies, a validated outcome scoring system,
and further radiological reports at longer term follow-up
are required to accurately assess the success of BMS in the
midterm and beyond.
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