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Abstract

Background Osteochondral lesions of the talus are com-
mon, particularly after trauma. Arthroscopic bone marrow
stimulation has emerged as the first-choice surgical treat-
ment for small primary lesions less than 100 mm?.
Individual studies on the topic are small and heteroge-
neous, and they have differed in their main findings; for this
reason, systematically reviewing the available evidence
seems important.

Questions/purposes In this systematic review, we asked:
(1) What patient-reported outcomes and pain scores have
been observed after arthroscopic bone marrow stimulation
for secondary osteochondral lesions of the talus? (2) What
complications were reported? (3) What demographic and
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clinical factors were reported to be associated with better
patient-reported outcome scores?

Methods We performed a systematic review according to
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines using Embase, EmCare,
PubMed, CINAHL, and Scopus (databases last searched
June 23, 2021). A two-stage title/abstract and full-text
screening process was performed independently by two
reviewers. Randomized control trials, cohort studies, and
observational studies published in English that evaluated
the outcome of arthroscopic bone marrow stimulation for
secondary osteochondral lesions of the talus were included.
Case reports, review articles, commentaries, abstracts, and
letters to the editor were excluded. A total of 12 articles (10
case series and two retrospective comparative studies) in-
volving 446 patients were included. Of these, 111 patients
with a mean age of 33 years (range 20 to 49) received
arthroscopic bone marrow stimulation for a secondary
osteochondral lesion of the talus. The Methodological
Index for Non-randomized Studies (MINORS) criteria
were used to assess the methodologic quality of included
studies. The MINORS is a numerical score ranging from
0 to 16 for studies with no comparison group and 0 to 24 for
comparative studies, with higher quality studies receiving
higher scores. Of the 10 noncomparative case series, the
highest score was 10 of 16, with a median (range) score of
7.5 (4 to 10), while the two comparative studies scored 22
of 24 and 19 of 24, respectively.

Results Studies varied widely in terms of patient-reported
outcome measures such as the American Orthopaedic Foot
and Ankle Society score (AOFAS), with inconsistent
reporting across studies regarding whether or how much
patients improved; there was variation in some effect sizes
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with regard to improvement seeming close to or below the
minimum clinically important difference (MCID).
Although no perioperative complications were reported in
any included studies, 34% (26 of 77, in seven studies that
reported on this endpoint) of patients who underwent a
revision procedure. One study found a negative association
between lesion size and AOFAS and VAS score. No other
studies reported on factors associated with patient-reported
outcome scores, and most studies were far too small to
explore relationships of this sort.

Conclusion We found that arthroscopic bone marrow
stimulation for secondary osteochondral lesions of the talus
yielded inconsistent and often small improvements in
patient-reported outcomes, with approximately one in three
patients undergoing a revision procedure. Reported out-
comes likely represent a best-case scenario, inflated by
low-level study designs and major sources of bias that are
known to make treatment effects seem larger than they are.
Therefore, the use of arthroscopic bone marrow stimulation
in such patients cannot be recommended, unless we are
able to refine selection criteria to effectively identify pa-
tients who show a substantial clinical benefit.

Level of Evidence Level IV, therapeutic study.

Introduction

Osteochondral lesions of the talus occur relatively
commonly, with recent research suggesting an in-
creasing incidence [22]. These lesions often occur after
ankle trauma, and they occur most often in people be-
tween 20 and 30 years of age [18, 47]. Authors agree that
nonoperative treatment should be the initial strategy;
however, with this approach, symptoms persist in up to
55% of patients [32, 46]. Various surgical interventions
have been described, including bone marrow stimulation
(drilling, microfracture, and debridement), autologous
chondrocyte implantation, osteochondral trans-
plantation, autologous matrix-induced chondrogenesis,
vascular bone grafting, ankle replacement, and arthrod-
esis [8,31,32]. Arthroscopic bone marrow stimulation is
often the treatment of choice in small lesions less than
100 mm?, with good improvements in clinical outcome
scores such as the American Orthopaedic Foot and
Ankle Society (AOFAS) score and Foot and Ankle
Ability Measure [8].

However, although there have been many studies on
primary lesions, studies focusing on secondary lesions
(primary lesions that remain painful after surgery to a de-
gree that necessitates further surgical intervention) are of-
ten small, highly heterogenous, and report contrasting
findings. Because of this, it is important to systematically
review the best available evidence to develop a more co-
herent understanding of the support for arthroscopic bone

marrow stimulation for secondary osteochondral lesions of
the talus. Important factors to be considered in clinical
decision making and managing patient expectations in-
clude outcomes in terms of patient-reported outcome
measures, complications, and clinical and demographic
factors that may be associated with improved patient-
reported outcome measures.

Although a systematic review of arthroscopic bone
marrow stimulation for secondary lesions has recently
been performed [7], we believe there is sufficient justi-
fication for another review. The previous review pooled
outcomes from five studies (one randomized controlled
trial, one retrospective comparative study, and three case
series studies), finding that the overall success pro-
portion of arthroscopic bone marrow stimulation for
nonprimary osteochondral lesions of the talus was 61%.
Pooling results from such heterogenous studies is not
recommended because of the inherent risk of bias [13].
Furthermore, studies with fewer than five patients were
excluded from the previous review. We believe it is
important to include these smaller studies as they add
further data to what is currently an under-researched
field [10, 35, 42].

The current systematic review therefore aimed to answer
the following questions: (1) What patient-reported outcomes
and pain scores have been observed after arthroscopic bone
marrow stimulation for secondary osteochondral lesions of
the talus? (2) What complications were reported? (3) What
demographic and clinical factors were reported to be associ-
ated with better patient-reported outcome scores?

Materials and Methods

This systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines for systematic re-
views and meta-analyses [19].

Search Strategy

An electronic search was performed using PubMed (from
inception to June 2021), Embase (from inception to June
2021), EmCare (from inception to June 2021), CINAHL
(from inception to June 2021), and Scopus (from inception
to June 2021). Free text and MeSH terms including
“osteochondral,” “transchondral,” “chondral,” “cartilage,”
“defect,” “lesion,” “talus,” “talar,” “osteochondritis dis-
secans,” “BMS,” “bone marrow stimulation,” “de-
bridement,” “dril*,” and “microfracture” were combined
using Boolean operations (“and” and “or”). All electronic
searches were performed on June 23, 2021. Manual hand
searching of the reference lists of included studies was
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performed, and the grey literature (including preprints,
dissertations, and theses) was not included.

Study Selection and Data Collection

Studies were imported into Mendeley reference manage-
ment software (Elsevier) to detect and remove duplicates,
and studies were screened using the Rayyan Systematic
Reviews internet application (Rayyan Systems Inc) [23].
Two reviewers (ZA, AA) independently screened titles,
abstracts, and full-text articles, according to predetermined
selection criteria (Table 1):

e Population: Patients with osteochondral defects of the
talus were included. Studies exclusively reporting the
treatment of patients with juvenile osteochondritis
dissecans of the talus were excluded.

¢ Intervention: Any arthroscopic bone marrow stimulation
technique was included.

o Comparators: The presence of a control group was not a
criterion for inclusion in this review. Studies with any or
no control groups were included.

e Outcomes: Studies reporting any patient-reported out-
come measure or pain score, such as the AOFAS score
and VAS score.

e Language: Only studies published in English were
included.

o Date of publication: No date of publication restriction
was imposed.

e Study design: Randomized control trials, cohort studies,
and observational studies (case series or case control)
were included. Case reports, review articles, commen-
taries, abstracts, and letters to the editor were excluded.

Table 1. Results of the MINORS critical appraisal process

When studies did not specify whether included patients
were treated for primary or secondary osteochondral lesions
of the talus, we contacted the corresponding author and asked
them to provide specific data for patients with a secondary
osteochondral lesion of the talus. We also contacted authors
for further information regarding the characteristics of pa-
tients with secondary lesions if this was not reported sepa-
rately from primary osteochondral lesions of the talus.

Any differences in opinion regarding study inclusion
were raised and discussed. When there were discrepancies
or when no consensus was reached, a third author (MB)
was consulted.

A total of 1358 articles were identified, 0.88% (12) of
which were included in the final review [1, 3, 6, 10, 21, 30,
33-36, 42, 44] (Fig. 1). The total number of patients was
446 (450 ankles); 111 patients (111 ankles) received ar-
throscopic bone marrow stimulation for a secondary
osteochondral lesion of the talus (Table 2).

Study Characteristics

Of'the 12 included studies, 101, 3, 6, 10,21, 33-36, 42] were
Level IV case series and two [30, 44] were Level III retro-
spective comparative studies. One retrospective comparative
study [30] derived its study population from a previous ran-
domized controlled trial [29]. Three studies [21, 34, 44] ex-
clusively reported the outcomes of secondary lesions, and the
remaining nine [1, 3, 6, 10, 30, 33, 35, 36, 42] described the
treatment of both primary and secondary lesions. Nine studies
reported the mean age of patients receiving secondary bone
marrow stimulation [1, 3, 10, 21, 30, 34, 36, 42, 44], in
patients with a mean age of 32.2 years (16 to 49).

Study 1 2 3 4 5 6 7 8 9 10 11 12 Total

Anders et al. [1] 2 1 0 2 0 0 1 0 NA NA NA NA 6 of 16
Becher and Thermann [3] 2 2 2 2 0 0 1 0 NA NA NA NA 90f 16
Chuckpaiwong et al. [6] 2 0 2 2 0 0 1 0 NA NA NA NA 7 of 16
Desai [10] 0 2 0 0 0 0 2 0 NA NA NA NA 40of 16
Ogilvie-Harris and Sarrosa [21] 0 0 2 2 0 2 2 0 NA NA NA NA 80of 16
Rikken et al. [30] 2 0 2 2 0 1 2 2 2 2 2 2 19 of 24
Robinson et al. [33] 2 2 0 0 0 0 1 0 NA NA NA NA 50f 16
Savva et al. [34] 2 2 0 2 0 2 2 0 NA NA NA NA 10 of 16
Schimmer et al. [35] 2 2 2 2 0 0 0 0 NA NA NA NA 80of 16
Schuman et al. [36] 0 2 2 2 0 2 0 0 NA NA NA NA 8of 16
van Bergen et al. [42] 2 0 1 2 0 2 0 0 NA NA NA NA 7 of 16
Yoon et al. [44] 2 2 2 2 2 2 2 0 2 2 2 2 22 of 24

Numbers 1 to 12 in the first row refer to the equivalent item numbers in the MINORS criteria; MINORS involves 12 items to be
assessed, of which the first eight apply to noncomparative studies with four additional items applicable to comparative studies;
each item receives a score of 0 (not reported), 1 (reported but not adequate) or 2 (reported and adequate), which leaves a maximum
score of 16 for noncomparative studies and 24 for comparative studies, with higher scores representing better study quality.
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Identification of studies via databases and registers ]
S
s Records identified from: Records removed before
= Databases (n = 3169) screening:
o (PubMed n = 900; Scopus n ) Duplicate records removed
= = 228; EmCare n = 614, (by Mendeley software) (n =
ch Embase n =923, CINAHL n 1811)
=2 = 504)
\ 4
Records screened Records excluded
—>
(n=1358) (n=1189)
\ 4
Reports sought for retrieval Reports not retrieved
g‘ (n = 169) (n=4)
c
o
5
N v
R t qf liqibilit Reports excluded: n = 153
eports assessed 1or eligibility Primary lesions only (n = 53)
(n=165) ’ Conference abstract (n = 22)
Review (n = 22)
Contacted — no response (n = 13)
Case report (n =7)
Not BMS (n = 6)
Does not separate BMS and other treatments (n = 4)
Juvenile only (n = 4)
Not revision BMS (n = 3)
v Cadaver study (n = 3)
Contacted—all primary (n = 3)
- o ) ) Not arthroscopic (n = 3)
3 Studies included in review Duplicate cohort (n = 2)
= (n=12) Technical note (n = 2)
© Does not separate arthroscopic and open (n = 1)
£ No outcomes (n = 1)
L ) Does not separate osteochondral lesions and other

conditions (n = 1)

Letter to the editor (n = 1)
Contacted—invalid email (n = 1)
Contacted—data not accessible (n = 1)

Fig. 1 This PRISMA flow diagram shows the total number of studies retrieved and excluded at each screening stage.

Various bone marrow stimulation techniques were
described in included studies (Table 3). All data pro-
vided in this table refer to patients with secondary le-
sions only. However, in several instances, it was not
possible to separate data between primary and secondary
lesions, despite attempts to contact authors. The study of
Rikken et al. [30] is derived from a previous randomized
control trial [29] comparing bone marrow stimulation

with and without the addition of pulsed electromagnetic
fields. No difference in outcome was reported in these
two groups, and so patients from both were merged to
form the cohort of Rikken et al. [30]. Three studies [10,
30, 34] reported a mean lesion area between 25 mm? and
190 mm? specifically for secondary lesions (Table 3).
Included studies described an active rehabilitation regi-
men involving a short period of partial or
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Table 2. Summary of the characteristics of all studies

Total number of Number of secondary Men:
Authors Year Design lesions lesions Age, in years women  Size, in mm?  Follow-up, in months
Anders [1]%° 2012 Case series 38 (41 feet) 7 25 (18-38) 34 9 (7-14) 29 (12-54)
(diameter)
Becher and Thermann 2005 Case series 30 2 23.5 (20-27) 1:1 24 (22-27)
[37°
Chuckpaiwong et al. 2008 Case series 105 17 441 = 9.7 21:10 216 £ 3.0 316 = 12.1
[61°
Desai [10]? 2014 Case series 9 4 36.3 (23-49) 115.8 (42- 12 (7-15)
190)
Ogilvie-Harris and 1999 Case series 8 8 33 (22-42) 4:4 38 (24-63)
Sarrosa [21]
Rikken et al. [30] 2021 Retrospective 34 12 313 £83 84 102.8 12
comparative
Robinson et al. [33]¢ 2003 Case series 65 8 343 (14.1-724)  46:19 44 (6-99)
Savva et al. [34] 2007 Case series 12 12 31.3(21-49) 7:5 78.6 (25-120) 80.5 (36-95)
Schimmer et al. [35]° 2001 Case series 35 (36 feet) 3 41 (19-78) 24:11 153.6 (120-192)
Schuman et al. [36] 2002 Case series 38 16 24.3 (16-38) 7:9 66 (24-129)
van Bergen et al. [42] 2014 Case series 50 4 29.8 (21-34) 2:2 144 (96-240)
Yoon et al. [44] 2014 Retrospective 44 44 (22 BMS) 416 £ 13.2 18:4 138.5 50 (24-116)

comparative

Where possible, age, men:women ratio, lesion size, and follow-up period are reported specifically for secondary procedures.
%In these studies, the mean follow-up value was derived from the whole cohort, rather than patients with secondary lesions specifically.
BIn this study, the mean lesion size was derived from the whole cohort, rather than patients with secondary lesions specifically.
“These studies did not separate these study characteristics according to the nature of the lesion (primary or secondary); all data presented in these studies therefore refer to the
whole study group, rather than patients with secondary lesions specifically. The data presented for the study of Chuckpaiwong et al. [6] are derived from 31 patients with an

unsuccessful initial outcome, 17 of whom underwent secondary bone marrow stimulation.
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Table 3. Further study characteristics including etiology, primary and secondary treatment, postoperative rehabilitation protocol, lesion classification, lesion size, time between
primary and secondary procedure, symptom duration, and number of cystic lesions

Postoperative Time between Symptom
Secondary rehabilitation Lesion procedures, in duration, in
Study Etiology Primary treatment treatment protocol classification Location months months Cysts
Anders et al. [1] NR Arthroscopic drilling  Arthroscopic drilling 6 weeks partial Berndt-Hardy 6 medial, 1 central NR NR NR
and cancellous bone and cancellous bone weightbearing 5 grade 1, 2 grade 2
grafting grafting
Becher and 1/2 Anterograde drilling Arthroscopic Continuous passive Berndt-Hardy: 1 lateral, 1 medial NR NR NR
Thermann [3]  traumatic microfracture motion 6-8 hoursa 1 Grade 3, 1 Grade 4
day for 4-6 weeks.
Physiotherapy for
isometric exercises
and weightbearing
limited to 15 kg for 4
weeks.
Chuckpaiwong NR Arthroscopic Arthroscopic Splint for 1-2 weeks NR NR 7.2 NR NR
et al. [6] microfracture microfracture and then followed by
full weightbearing in
boot. ROM exercises
after 2 weeks
Desai [10] NR NR Arthroscopic Nonweightbearing Ferkel: 3 Grade F, 1 2 medial talar dome, NR NR 2
debridement and  for 6 weeks. 1 week in Grade E 2 lateral talar dome
unspecified bone splint followed by 2
marrow stimulation  weeks in cast and 3
technique with weeks in boot
micronized allograft
cartilage matrix
Ogilvie-Harris NR Open arthrotomy Arthroscopic Compression NR NR 35 (12-62) NR NR
and Sarrosa debridement and bandage for 1 week
[21] abrasion Weightbearing as
tolerated with
physiotherapy
No impact activities
for 12 weeks
Rikken et al. 8/12 NR Arthroscopic Partial weightbearing Berndt-Hardy: 1 1 anteromedial, 2 319 £ 228 NR 7/12
[30] traumatic debridement and  as tolerated, followed Grade 1, 2 Grade 2, 9 centeromedial, 3

microfracture
Unspecified number
also had pulsed
electromagnetic field

by full weightbearing
at 6 weeks
Physiotherapy
provided

Grade 5

posteromedial, 1
anterolateral, 2
centerolateral, 1
posterolateral, 1
anterocentral, 1
centerocentral

9 1qUINN ‘08 SUN[OA

uone[NUWINS MOLBA duog J1dodSoIyPy AIBpuodds

LTTT



‘panqryoad st o[onae SIY) JO uondNPoIdar PIZLIOYINEU ) "SUOISING JUIOf PUB dUOg JO UONBINOSSY Y Aq 7707 O WSHAdoD

A

19MN)} SI19110M\ @i

Table 3. continued

Postoperative Time between Symptom
Secondary rehabilitation Lesion procedures, in duration, in
Study Etiology Primary treatment treatment protocol classification Location months months Cysts
Robinson et al. NR Arthroscopic Arthroscopic Partial weight NR NR NR NR NR
[33] debridement and debridement and bearing for 6 weeks,
curettage curettage with physiotherapy
to mobilise ankle and
subtalar joint.
Savva et al. [34] 8/12 Arthroscopic Arthroscopic Partial weightbearing Berndt-Hardy: 12 6 medial, 6 lateral 21.8 (8-58) NR 0
traumatic debridement debridement for 10 days, then Grade 2
weightbearing as
tolerated
Active rehabilitation
with physiotherapy
Schimmer et al. NR Arthroscopic drilling  Arthroscopic drilling  Partial weightbearing NR NR NR NR NR
[35] for 3-5 days followed
by weightbearing as
tolerated
Active exercise
program
Schumann 10/16 NR Arthroscopic Nonweightbearing NR 12 medial, 4 lateral NR 228 NR
et al. [36] traumatic debridement and for 6 weeks
drilling
van Bergen 2/4 Arthroscopic Arthroscopic Partial or Berndt-Hardy: 4 3 medial,1 lateral 51.8 (6-108) 72.3 (30-144) NR
etal. [42] traumatic  debridement and debridement and nonweightbearing Stage 5
drilling drilling for 2-8 weeks, Active
ankle motion
exercises
Yoon et al. [44] 14/22 9 microfracture Microfracture and  Partial weightbearing Ferkel: majority 18 medial, 4 lateral NR 822 * 446 14/22
traumatic 13 abrasion abrasion arthroplasty for 4 weeks Grade D-F 6 anterior, 8 middle, 8
arthroplasty Physiotherapy for posterior

range of motion and
strengthening
exercised
No impact activities
for 12 weeks

NR = not reported.
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Table 4. Outcomes described by included studies, according to various scoring systems

Study Outcome metric Preoperative score Postoperative score p value
Anders et al. [1] AOFAS 433 = 16.1 64.6 £ 19.3 NR
VAS 8 8 NR
Becher and Thermann [3] VAS NR 8.5 (7-10) NA
HSS NR Good in one patient, excellent in one NA
Chuckpaiwong et al. [6] AOFAS NR Increased by 17.2 points, values not given NR
Desai [10] Subjective pain and functional limitation NR Three patients had excellent score, with no NA
pain or functional limitation; one patient
had a good score, with some pain
Ogilvie-Harris and Sarrosa [21] Ogilvie-Harris four-point scale: 1 = poor, Pain: 1.75 Pain: 3.25 Pain: 0.01
4 = excellent Swelling: 2.3 Swelling: 3.25 Swelling: 0.04
Stiffness: 2.5 Stiffness: 3.5 Stiffness: 0.01
Limp: 2.1 Limp: 3.25 Limp: 0.03
Activity: 1.88 Activity: 3.5 Activity: 0.02
Rikken et al. [30] (All scores reported in this AOFAS 67 (46-69) 87 (79.5-100) <0.01
study are medians rather than means) FAOS 60.7 (50-71.4) 67.9 (48.2-82.1) 0.03
AAS 7.5 (4-9) 5 (4-8) > 0.05
NRS 8.5 (8-10) 3(1-4) < 0.01
Robinson et al. [33] Berndt-Hardy scale: good (no symptom:s), NR Four patients had a fair score; four patients NA
fair (improved, but some disability), and had a poor score
poor (symptoms unchanged or resulted in a
revision)
Savva et al. [34] AOFAS Median 39.5 (28-67) Median 85 (36-95) NR
Schimmer et al. [35] Subjective pain NA Patients continued to have pain and NA
discomfort
Schuman et al. [36] Tegner score 27 £ 1.1 56 *+24 NR
Ogilvie-Harris NR Three patients had an excellent score, nine NR
patients had a good score, 1 had a fair score,
three had a poor score
van Bergen et al. [42] AOFAS NR 80 (75-88) NA
Ogilvie-Harris NR Three patients had a good score, one had a NA
fair score
Yoon et al. [44] VAS 5.86 £ 1.55 3.18 *= 1.05 (6 months); 5.27 * 1.22 (final) NR
AOFAS 50.41 * 83.7 83.7 = 2.65 (6 months); 69.6 = 10.59 (latest) < 0.001 at latest follow-up

®The study of Rikken et al. [30] only reports specific p values in situations where the p value is < 0.05; in all other cases the authors wrote “not significant”, which according to
their definition of statistical significance, indicates a p value > 0.05; AOFAS = American Orthopaedic Foot and Ankle Society score; HSS = Hospital for Special Surgery score; FAOS
= Foot and Ankle Outcome Score; AAS = Ankle Arthritis Score; NRS = numeric rating scale; NR = not reported; NA = not applicable.
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nonweightbearing followed by physiotherapy ROM and
strengthening exercises (Table 3).

Data Extraction

We created a data extraction spreadsheet to collect the
following data: authors, year, total number of patients,
number of secondary lesions, age, men:women ratio, eti-
ology, lesion size, classification, lesion location, secondary
treatment, time between the first and second procedure,
cysts, comorbidities, previous procedures, symptom du-
ration, outcome scores, pain score, complications or re-
vision, and follow-up period.

Assessment of Methodologic Quality and Risk of Bias

We used the Methodological Index for Non-randomized
Studies (MINORS) instrument to assess the methodo-
logic quality and internal and external validity of all
included studies (Table 1) [40]. MINORS involves 12
items to be assessed, of which the first eight apply to
noncomparative studies with four additional items ap-
plicable to comparative studies. Each item receives a
score of 0 (not reported), 1 (reported but not adequate) or
2 (reported and adequate). This leaves a maximum score
of 16 for noncomparative studies and 24 for comparative
studies, with higher scores representing better study
quality. One reviewer (ZA) assessed quality. Of the 10
noncomparative case series, the highest score was 10 of
16 (Table 1), with a median (range) score of 7.5 (4 to 10),

and the two comparative studies scored 22 of 24 and 19
of 24, respectively (Table 1).

Primary and Secondary Study Outcomes

We used a qualitative thematic results synthesis, focusing
separately on key study outcomes related to the three re-
view questions. The primary goal of this review was to
systematically identify and review patient-reported out-
comes measures reported after arthroscopic bone marrow
stimulation for secondary osteochondral lesions of the ta-
lus. To assess this, we extracted data regarding patient-
reported outcome measures and pain scores, comparing
postoperative scores with preoperative scores where pos-
sible (Table 4).

Secondary goals involved identifying complications
reported after the procedure and clinical and demographic
factors that may be associated with improved patient-
reported outcomes measures. To assess this, we extracted
data concerning perioperative complications and revision
rate (Table 5), and prognostic factors are outlined in a
narrative synthesis. For the purposes of our review, a re-
vision was considered to be a complication; however, re-
visions have been reported separately to other perioperative
complications (Table 5).

Statistical Analysis

Unfortunately, we were unable to perform a meta-analysis,
assessment of heterogeneity through calculation of the I*

Table 5. Complication and revision proportions reported by the included studies

Number of Time to Total complication and
Study patients Complications Revision revision revision proportion
Anders et al.[1] 7 NR 0of 7 NA 0of 7
Chuckpaiwong et al. 17 NR 7 of 17 with ankle NR 7 of 17
[6] arthrodesis
Desai [10] 4 0of4 NR NA 0of4
Ogilvie-Harris and 8 0of8 NR NA 0of 8
Sarrosa [21]
Rikken et al. [30] 12 0of 12 1 of 12 with a metal Within 1 10f 12
resurfacing implant year
Savva et al. [34] 12 NR 1 of 12 with cartilage NR 10f12
transplantation
Schimmer et al. [35] 3 NR 3 of 3 with ankle arthrodesis NR 30f3
or replacement
van Bergen et al. [42] 4 0of4 0of 4 NR 0of 4
Yoon et al. [44] 22 0 of 22 14 of 22 with osteochondral NR 14 of 22

autologous transplantation

NA = not applicable; NR = not reported.
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statistic, or assessment of publication bias (using tools like
funnel plots) because of small study sizes and inconsistent
data reporting across included articles.

Results
Patient-reported Outcome Measures and Pain Scores

Studies varied widely in terms of patient-reported outcome
measures such as AOFAS with inconsistent reporting
across studies in terms of whether or how much patients
improved, and some effect sizes in terms of improvement
seeming close to or below the minimum clinically impor-
tant difference (MCID). Of the five studies [1, 30, 34, 42,
44] describing postoperative mean or median AOFAS
scores, four [30, 34, 42, 44] reported a mean or median
score of at least 80 of 100 (with higher scores representing
less pain and improved function), and one [1] reported a
mean score of 64.6 [4] (Table 4). Three studies described a
postoperative increase in the AOFAS of 20 points or more
[1, 30, 34], and two studies reported increases of 19.2 and
17.2 points, respectively [0, 44]. Although the MCID for
the AOFAS score has not been defined in this specific
clinical context, values between 17 to 30.2 (depending on
the statistical method used) have been established in hallux
valgus surgery [5, 9]. When comparing this to the results
reported here, most improvements were similar to or below
the MCID.

A similar trend was seen with respect to VAS pain
scores. Only two studies compared pre- and postoperative
VAS scores [1, 44]: one reported no improvement [1] and
the other reported a reduction of 2.68 points at 6 months
postoperatively, worsening to a reduction of only 0.59,
12 months after the procedure [44] (where lower scores
represent less pain) (Table 4). Again, this is very similar to
or below the proposed MCIDs of between 1.4 to 3 points
[16, 41]. Conversely, another study reported a 5.5 point
decrease in numerical rating scale (NRS) pain score [30],
which is higher than the suggested MCID of 2 [14].

Of the 12 included studies, only six [1, 21, 30, 34, 36,
44] describe both preoperative and postoperative patient-
reported outcome measures. This makes it challenging to
understand the impact of the intervention with respect to
postoperative changes in these outcome measures in sev-
eral studies.

Complications

No complications were reported in any of the five studies
(comprising 50 patients in total) that evaluated perioper-
ative complications in those with secondary lesions [10, 21,
30, 42, 44] (Table 5). Meanwhile, 34% (26 of 77) of

patients in seven studies that reported on this endpoint[1, 6,
30, 34, 35, 42, 44] underwent a revision procedure
(Table 5).

Factors Associated with Better Patient-reported Outcomes

One retrospective, comparative study [44] found that as
lesion size increased, patients generally had poorer
AOFAS and VAS scores at most recent follow-up (r= 0.46;
p = 0.03). In that same study [44], no correlation was found
with respect to patient age, gender, BMI, symptom dura-
tion, time between procedures, and type of defect (con-
tained versus uncontained) against clinical outcomes.
Ogilvie-Harris and Sarrosa [21] reported that all three pa-
tients with preoperative Kellgren-Lawrence Grade 2 oste-
oarthritis had restricted postoperative sports activity, and
they concluded that “the finding of degenerative changes
carries an adverse prognostic significance.” No other
studies reported on factors associated with patient-reported
outcomes scores, and most were far too small to explore
relationships of this sort.

Discussion

Although arthroscopic bone marrow stimulation is the first-
choice surgical treatment for small osteochondral lesions of
the talus (100 mm?) in patients with severe, bothersome
symptoms that persist despite reasonable nonsurgical in-
terventions, studies reporting outcomes of the procedure in
secondary lesions are small and heterogenous in terms of
factors such as endpoints used, duration of follow-up and
study methodology. We therefore performed a systematic
review of the best-available evidence, with three clearly
defined research questions, to facilitate a better un-
derstanding of the use of arthroscopic bone marrow stim-
ulation in secondary lesions. We found that published
studies have reported inconsistent results regarding
whether or how much patients improved in terms of
patient-reported outcome measures such as AOFAS and
VAS pain scores. Any improvement described in terms of
these scores was close to or below the MCID. We therefore
argue against the use of arthroscopic bone marrow stimu-
lation in patients with secondary osteochondral lesions of
the talus.

Limitations
The main limitations of this review are because of the
quality of the included studies, which were all Level IV

case series or Level III retrospective, comparative studies,
with small numbers of patients included (Table 2). Use of
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the MINORS criteria revealed a wide spectrum of meth-
odologic quality, with most studies scoring poorly. The 10
comparative studies scored a median of 8, with only two of
these studies scoring above 10 of 16 (Table 1), and the two
comparative studies scored 22 of 24 and 19 of 24, re-
spectively (Table 1). Several included studies suffered
from important kinds of bias. For example, a large degree
of assessment bias was introduced through the lack of a
blinded evaluation of study outcomes. Yoon et al. [44] was
the only study to describe the use of a blinded outcome
evaluation. Selection bias was also present because the
criteria used to determine which patients received sec-
ondary arthroscopic bone marrow stimulation and why
they received this as opposed to alternative treatments or no
treatment was often not reported. Furthermore, several
studies did not report the follow-up period for patients
specifically receiving secondary arthroscopic bone marrow
stimulation. Among the studies that reported this in-
formation, short follow-up periods were noted, which may
not be sufficient to detect all relevant harms or benefits
associated with treatment. Only four of the included studies
reported no loss to follow-up [10, 21, 34, 44], and the
remaining studies either did not report this information or
described loss to follow-up rates between 7.7% (1 of 13)
and 44% (16 of 36). These follow-up related factors in-
troduced transfer bias. Assessment bias, selection bias, and
transfer bias all tend to make reported results appear better
than they are, and so the findings here probably represent a
best-case scenario of how this procedure performs.
Although the AOFAS score was by far the most com-
monly reported measure in the studies we included
(Table 4), use of this score is associated with several
shortcomings. First, the AOFAS score has not been vali-
dated for use in patients with osteochondral lesions of the
talus. There is also a lack of a detailed theoretical frame-
work for how and why the score was developed [27].
However, there is currently no validated outcome score for
osteochondral lesions of the talus and due to the lack of
reporting of other patient-reported outcome scores, au-
thors, readers, and clinicians have limited choice regarding
the use of this score in evaluation of treatment outcome.
Furthermore, the AOFAS score has been shown to have
inherently limited precision due to a small number of re-
sponse intervals, which often result in skewed distributions
with little resemblance to the underlying distribution of
patient states [12]. Because of these limitations, the
AOFAS now recommends against the continued use of this
outcome measure [27]. Although effort has been made to
include discussion of other patient-reported outcome
scores, as mentioned, these are rarely reported. Therefore,
despite these flaws, clinicians lack a better outcome score
to use in the evaluation of treatment outcome, hence the
inclusion of the AOFAS score in this review. However,
readers should be aware that the AOFAS score may not

{
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provide the most precise representation of a patient’s level
of pain and function and that it involves a combination of
multiple concepts such as pain, gait abnormality, and
alignment, some of which may not be entirely relevant to
the treatment being evaluated.

This review includes some studies that describe fewer
than five patients each with secondary bone marrow stim-
ulation. Such small cohorts are prone to overestimating the
true treatment benefit and hence, as described, care must be
taken when interpreting increases in the patient-reported
outcomes scores they describe. It was felt that in such an
under-researched clinical context, with just over 100 pa-
tients’ reports in total described in published papers, in-
clusion of these smaller studies was justified to make
readers aware of all patients whose data have been
reported.

Finally, studies reporting on mixed cohorts of both male
and female patients are included in this review. Findings
derived from such mixed cohort studies may not be equally
applicable to both studies. Unfortunately, it was not pos-
sible to compare results according to patient gender due to
small study sizes and lack of studies separating results by
gender.

Patient-reported Outcome Measures and Pain Scores

Included studies were heterogenous in terms of the specific
patient-reported outcome measures reported and varied in
terms of how much improvement was seen in these scores
(Table 4). Half of the included studies did not report both
preoperative and postoperative outcome measures, making
it impossible to understand the effect of the intervention.
Those that reported both scores described improvements
which were mostly either very close to or below the MCID
for the outcome measures used. It is important to consider
these results in light of the low-quality studies from which
they were derived. Because of the substantial biases in-
volved, it is likely that the inconsistent and generally sub-
MCID improvements represented an overestimation of the
benefits of treatment, and therefore should be viewed as an
optimistic best-case scenario. The improvements seen in
patient-reported outcomes scores might also represent a
placebo effect, since the treatment effect sizes often were
small, the treatment is somewhat invasive, and the studies
lacked control groups. The beneficial effect of placebo
surgery is well documented in various surgical and medical
conditions [11, 15, 17, 43]. For example, two randomized
controlled trials reported that patients receiving placebo or
sham surgery did not show a greater clinical improvement
than those receiving arthroscopic partial meniscectomy and
arthroscopic debridement for degenerative meniscal tears
and knee osteoarthritis [20, 39]. Similar results were de-
scribed in research comparing subacromial decompression
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and diagnostic arthroscopy (placebo) for shoulder im-
pingement [2, 24, 25]. Furthermore, a systematic review of
53 trials found that 51% of these studies (27 trials) did not
show actual surgery to be superior to a placebo procedure
[43]. The minor improvements reported in this review
might represent a placebo surgery effect, rather than a true
benefit of the specific surgical procedures involved.

Although most of the inconsistent improvements
reported by included studies are likely inflated by the fac-
tors described, there may be some patients who genuinely
gain benefit from arthroscopic bone marrow stimulation
for a secondary osteochondral lesion of the talus.
Interestingly, a comparative study [44] found that patients
in the bone marrow stimulation group showed fair results at
6 months of follow-up, with a mean AOFAS score of 83.7
* 2.65, slightly higher than the score in the osteochondral
transplantation group. However, results in the bone mar-
row stimulation group declined such that the mean AOFAS
at the final follow-up of 50 months was 69.64 = 10.59, a
lower score than in the osteochondral transplant group.
This implies a wide range of final scores and suggests that a
specific subgroup of patients in the bone marrow stimula-
tion group, rather than the whole group, showed a decline
in outcomes over time. Identification of patient de-
mographic and clinical factors that might be associated
with outcomes is crucial, as this would allow physicians to
effectively identify and treat patients for whom the pro-
cedure is likely to confer a real benefit.

Complications

No perioperative complications were reported by any
studies included in this review. This compares well to more
invasive alternative surgical treatments such as osteo-
chondral autologous transplantations. For example, one
study that compared bone marrow stimulation and osteo-
chondral autologous transplantation [44] reported no per-
ioperative complications in the former group, but reported
pain at the harvest site (the knee), crepitation, and wound
infection in 18% (4 0f22), 9% (2 0f22), and 4.5% (1 0f22)
of patients in the latter group, respectively [44]. These
complications are comparable to those assessed in the
complications section of this review. However, our anal-
ysis reveals a very high proportion of patients underwent
revision surgery (approximately 1 in 3), despite the fact that
the follow-up was short. Again, because of the low-level
evidence and high degree of bias involved, the actual
proportion of patients who undergo revision is likely to be
even higher. Given the inconsistent-to-modest improve-
ments in patient-reported outcomes scores, the small (or
absent) improvements in pain scores, and the high risk of
revision surgery, we recommend against the use of ar-
throscopic bone marrow stimulation in patients with

secondary lesions of the talus. Future studies may seek to
further clarify and shed light on these concerns through the
use of larger comparative studies.

Factors Associated with Better Patient-reported Outcomes

Only one study [44] demonstrated an association between
any patient-related or clinical factor and treatment out-
come, with that study reporting poorer outcomes in patients
with larger lesions. Most research investigating factors
associated with outcomes focused on primary lesions, and
found an association between poorer outcomes and an in-
creased lesion size, patient BMI, patient age, presence of
cysts, deep lesions, uncontained lesions, the presence of a
medial lesion uncovered by the medial malleolus, and
syndesmosis widening [26, 28, 37, 38, 45]. Although pri-
mary and secondary lesions may share common prognostic
factors, this is yet to be supported by comprehensive
evidence.

Conclusion

This comprehensive systematic review found that arthro-
scopic bone marrow stimulation for secondary osteo-
chondral lesions of the talus yielded inconsistent
improvements in outcomes measures, generally below the
MCID, with about one of three patients undergoing a re-
vision procedure. Any apparent benefit reported after this
procedure was likely to represent a best-case scenario, with
results inflated by low-level study designs, a high degree of
bias, and a possible surgical placebo effect. Therefore, the
use of arthroscopic bone marrow stimulation cannot be
recommended. Despite the likely inflation of treatment
outcomes, a small subgroup of patients might show a
genuine, substantial clinical improvement because of the
procedure. However, arthroscopic bone marrow stimula-
tion cannot be recommended until we can refine the se-
lection criteria to effectively identify such patients.
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