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Abstract

Purpose Although bone marrow stimulation (BMS) as a treatment for osteochondral lesions of the talus (OCLT) shows high
rates of sport resumption at short-term follow-up, it is unclear whether the sports activity is still possible at longer follow-up.
The purpose of this study was, therefore, to evaluate sports activity after arthroscopic BMS at long-term follow-up.
Methods Sixty patients included in a previously published randomized-controlled trial were analyzed in the present study.
All patients had undergone arthroscopic debridement and BMS for OCLT. Return to sports, level, and type were assessed
in the first year post-operative and at final follow-up. Secondary outcome measures were assessed by standardized question-
naires with use of numeric rating scales for pain and satisfaction and the Foot and Ankle Outcome Score (FAOS).

Results The mean follow-up was 6.4 years (SD + 1.1 years). The mean level of activity measured with the AAS was 6.2
pre-injury and 3.4 post-injury. It increased to 5.2 at 1 year after surgery and was 5.8 at final follow-up. At final follow-up, 54
patients (90%) participated in 16 different sports. Thirty-three patients (53%) indicated they returned to play sport at their
pre-injury level. Twenty patients (33%) were not able to obtain their pre-injury level of sport because of ankle problems and
eight other patients (13%) because of other reasons. Mean NRS for pain during rest was 2.7 pre-operative, 1.1 at 1 year, and
1.0 at final follow-up. Mean NRS during activity changed from 7.9 to 3.7 to 4.4, respectively. The FAOS scores improved
at 1 year follow-up, but all subscores significantly decreased at final follow-up.

Conclusion At long-term follow-up (mean 6.4 years) after BMS for OCLT, 90% of patients still participate in sports activi-
ties, of whom 53% at pre-injury level. The AAS of the patients participating in sports remains similar pre-injury and post-
operatively at final follow-up. A decrease over time in clinical outcomes was, however, seen when the follow-up scores at 1
year post-operatively were compared with the final follow-up.

Level of evidence Level II.
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Introduction

Osteochondral lesions of the talus (OCLT) are lesions to the
subchondral bone and the overlying cartilage layer. These
injuries have a high association with inversion injuries and
ankle fractures [9, 21, 29]. Small (< 15 mm in diameter)
lesions are initially treated with conservative treatment;
however, in case of persistence of complaints, bone marrow
stimulation (BMS) can provide good clinical outcomes with
a success rate of 82% [2, 3]. Large primary defects that are
amenable to fixation should be fixed whenever possible [10,
13]. In case of failure of primary surgical treatment, surgical
treatment through an (osteo)chondral replacement strategy
is indicated [9, 14].

As OCLTs are highly frequently seen in the athletic popu-
lation, it is necessary to put specific emphasis on outcomes
of treatment in athletes [23]. A recent systematic review
by Steman et al. showed that return to sport (RTS) rates
decreased when solely considering return to pre-injury level
of sports [25]. Specifically considering BMS, in their review,
the rate of return to any level of sports was 88%, and return
to pre-injury level of sports 79%. Another recent review of
the literature by Hurley et al. showed a rate of return to play
as high as 86.8% after BMS with a mean time to return to
play of 4.5 months [8]. In other research being conducted by
Ramponi et al. [18], an RTS rate of 77% was found. None
of these reviews, however, could provide adequate informa-
tion on sports-related outcomes over time, as there is little
literature on these outcomes on the long term. One retro-
spective study by van Eekeren found a return to sport rate
of 76% after a median of 118 months [28]. Interestingly, the
authors showed that the activity level seemed to decrease at
long-term follow-up [28].

In most studies, it is often unclear whether authors
reported on return to pre-injury level or return to any asso-
ciated level of sports. Furthermore, there is a significant
deficiency reported in rehabilitation protocols [8, 27]. Espe-
cially, the effect of BMS on return to sport after a longer
period of time is scarcely reported in the literature. Bone
marrow stimulation leads to the formation of fibrocartilage
with an inferior subchondral bone plate as compared to
original hyaline cartilage [16]. To date, it remains unclear
whether this tissue enables high-level sports participation
over time at the long term. The purpose of this study was,
therefore, to prospectively evaluate return to sport and
level of sport activity in patients treated with arthroscopic
debridement and bone marrow stimulation and its persis-
tence over time. It was hypothesized that return to sport rate
and functional outcome would decrease over time.

Materials and methods

The study has been approved by the local medical eth-
ics committee at the University of Amsterdam and was
performed in accordance with the current medical ethical
standards (Declaration of Helsinki, MEC 08/326). Writ-
ten informed consent for participation was obtained from
every patient. We included the patient cohort of Reilingh
et al. and adhered to the inclusion and exclusion criteria
of this previously published study (Fig. 1).

Population

Patients included in a previously trial, the Pulsed Elec-
tro Magnetic Fields (PEMF) trial, were analyzed in the
present study [19]. In that study, patients had undergone
arthroscopic debridement and bone marrow stimulation
alone in the control group, and patients included in the
experimental group had undergone the same surgical treat-
ment, but were treated post-operatively with pulsed elec-
tromagnetic fields (PEMF). Detailed information on the
surgical procedure and post-operative rehabilitation in the
PEMF trial have been previously described by Reilingh
et al. [19]. Since the onset of the index trial, all patients
have been followed up in a prospective manner by the
institution. As the RCT by Reilingh et al. [19] concluded
that PEMF did not lead to significant functional, sports nor
radiological differences, we included both treatment arms
as one treatment group in the present study.

Postoperative rehabilitation

Patients followed a protocol-based rehabilitation program
post-operatively and were guided by a physiotherapist. The
patient was allowed to progress to full weight-bearing in
6 weeks. During this 6-week period, active nonweight-
bearing and partial weight-bearing sagittal range of motion
exercises were encouraged. After this period, resumption
of sports was permitted as tolerated [27].

Outcome measures

Clinical outcome assessment of the patients was per-
formed by reaching out to the patients, requesting them to
fill out an online questionnaire via the CASTOR® portal.
To reach all patients from the previous PEMF trial, con-
sisting of a cohort of 68 patients, a personalized email was
sent out to the potential subjects of the study [19]. In case
of no response from the study subjects, two personalized
reminder emails were sent. If the questionnaire still was
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Fig. 1 Study design

Baseline

Inclusion PEMF
trial (N=68)

Inclusion Criteria:

#All subjects had a symptomatic
osteochondral lesion of the
talus <15 mm in all three
dimensions and were treated
with microfracture surgery
®AAS score of 4 or higher prior
to onset of symptoms?6

Exlusion criteria

eSubjects younger than 18 years
old

eAnkle osteoarthritisgrade Il or
11l (van Dijk scale?)

eAnkle fractures in the 6
months prior to the
microfracture surgery

eAnkle surgery in the 12 months
prior to the microfracture
surgery

eConcomittant distal tibia OCL
eConcomitant painful or
disabling disease of the lower

1 year after
surgery

Assessment in current study

>48 months
after surgery

Assessment in current study

Assessment 1
year after
surgery in the
PEMF trial
(n=64)

No differences were found
between the PEMF and
placebo group. Therefore
both treatment arms are
included in the current
study and assessed as one
group

Lost to follow up
(N=4)

Two patients in both
treatment arms were lost

Assessment >48
months after
surgery by
means of an
electronic
guestionnaire
Patients previously
included in the PEMF trial
were contacted to

complete the electronic
questionnaire

Lost to follow up

Patient is unable or
unwilling to complete the
last questionnaire

limb

incomplete, the authors of the present study sought contact
by means of reaching out to the patients via telephone.
Through the online post-operative questionnaire, return to
sports was assessed, including type and level of sports. Con-
cerning sports activities, the Ankle Activity Scale (AAS)
was used [7]. The AAS is a survey containing a high num-
ber of sports (n=53), 3 working activities, and 4 general
activities [7]. Scoring zero points on the scale indicates the
lowest activity and ten points indicate the highest activity.
The AAS was developed by Halasi et al. with the purpose
to develop a widely usable, ankle specific activity scoring
system that includes most internationally known sports [7].
The score was based on a previously developed activity
score for knee injuries, named the Tegner score [1]. Fur-
thermore, secondary outcome measured was assessed by
means of the numeric rating scale 0—10 (NRS) for pain (at
rest and during activity) [6], the Foot and Ankle Outcome
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to follow up

Score (FAOS) [20, 24], work activities, and the subjective
satisfaction concerning the surgery. Patients were requested
to fill out whether they suffered from any other musculo-
skeletal injuries from the time of surgery till the moment of
filling out the online questionnaire. The NRS is an 11-point
scale, representing the spectrum of no pain (0 points) to the
worst pain imaginable (10 points) [6].

The sport outcomes, the AAS, the NRS scales (at rest and
when running), the FAOS, and return to work had also been
assessed in the previous study by Reilingh et al. [19] both
pre-operatively and 1 year post-operatively which, therefore,
facilitated a formal comparison in changes over time.

Statistical analysis

All analyses were done using Statistical Packages for
Social Sciences (SPSS 24.0 Inc, Chicago, IL, USA).
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To minimize the risk of attrition bias, we included all
patients with a completed electronic questionnaire at
final follow-up in the statistical analyses. This includes
the patients who underwent a reoperation. No additional
sample size calculation was performed as this study was a
follow-up study of a previously published study. Detailed
information on the sample size calculation is described
in this previous study [19]. Descriptive statistics of cat-
egorical variables were presented as frequencies with
percentages per category. Differences in FAOS scores,
NRS of pain, and AAS at final follow-up were assessed
between patients in the two different original treatment
groups (PEMF and Placebo) by means of an independent
samples t-test.

Descriptive statistics of continuous variables were
calculated as means + standard deviations or median
and ranges in case of a skewed distribution. Categori-
cal variables were presented as frequencies with percent-
ages. Differences of the continuous outcome variables
were assessed between baseline and final follow-up and
between 1 year follow-up and final follow-up. In case
of normally distributed data, a paired t-test was used; in
case of skewed data, a Wilcoxon signed-rank test was
used. The comparisons with p <0.05 were considered to
be statistically significant.

Results

Four patients of the 64 (6%) were lost to follow up and
could not be reached. The other 60 patients were available
for follow-up. No patients declined to participate. The
mean post-operative follow-up was at 6.4 years after sur-
gery (SD + 1.1 years). Mean age of the patients at follow-
up was 39 years (SD + 8.5 years).

100
90

Sub-analysis original group

A sub-analysis of the original groups (the PEMF group and
the placebo group) showed no significant difference at any
of the outcome measures (AAS, NRS pain rest, NRS pain
activity, FAOS other symptoms, FAOS pain, FAOS ADL,
FAOS sport, and FAOS QOL). Data could thus be inter-
preted as one group.

Outcome
Sports outcomes

Of all included patients, all participated in sports before
injury of which 6 on a professional level, 29 on a competi-
tive level, and 25 on a recreational level. The median pre-
injury ankle activity score of the 60 included patients was
6.2 (range 4-8). After onset of complaints pre-operatively,
only 27 patients were still participating in sports of which 2
on a professional level, 6 competitive, and 19 recreational.
The other 33 were not able to participate in sports anymore.
The AAS decreased to 3.4 post-injury. After surgery, the
median time to return to sports of the 60 included patients
was 18 weeks. At 1 year after surgery, 85% of patients
returned to playing sport and the AAS increased to 5.2. At
final follow-up, 90% of patients participated in sports. These
54 patients participated in 16 different sports, some partici-
pating in more than one sport. Most played sport was soccer
(16 patients) followed by running (14 patients), fitness (12
patients), cycling/mountainbiking (9 patients), and tennis
(7 patients). Of all patients playing sports at follow-up, 35
patients played at a recreational level and 18 patients played
at a competitive level. One patient played table tennis on a
professional level for years after surgery. At final follow-
up, the median current level of activity of all the patients
measured with the AAS was 5.8 (range 1-9) (Fig. 2). If
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Fig. 2 Percentage of patients playing sports and Ankle Activity Score (AAS) over time
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we excluded the 6 patients not playing sports anymore, the
median AAS of the 54 patients still playing sports was 6.0
(range 3-9).

At time of final follow-up, 32 patients (53%) indicated
that they returned to play sport at their pre-injury level.
Twenty patients (33%) were not able to obtain their pre-
injury level of sport because of ankle problems despite the
operation. Another eight patients (13%) indicated that they
were not able to play sport at their pre-injury level because
of different reasons than their ankle.

Reoperations

Three patients underwent 4 reoperations in total. One patient
received an ankle arthrodesis at 6 years after the original sur-
gery because of progressive osteoarthritis and experienced
pain. One patient received a reoperation due to posterior
impingement 15 months after the original surgery. This and
another patient also underwent an adjacent procedure in
another hospital.

Additional injuries

Twenty-six patients experienced one or more additional inju-
ries, e.g., back pain or spine injuries (5 patients), anterior
cruciate ligament tears (4 patients), other knee problems (5
patients), and achilles tendon problems (3 patients).

Work-related outcomes

Fifty-eight patients resumed to their pre-injury work. One
patient indicated that he worked less due to persisting ankle
problems. Seven worked less due to other reasons. Four
patients reported to be working more because of a decrease
in ankle problems.

Fig.3 NRS subscores (mean

scores and SD) at different

follow-up moments (pre-opera-

tively, at 1 year follow-up and at 10
final follow-up at 6.4 years)

)

w

IS

w

[N]

[

NRS rest
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Clinical outcomes

The clinical outcomes (NRS and FAOS scores) are presented
in Figs. 3 and 4. Between the pre-operative scores and final
follow-up, the NRS pain during rest decreased from 2.7 to
1.0 (p <0.01) and the NRS pain during activity from 7.9 to
4.3 (p<0.01). The FAOS other symptoms decreased from
64 to 52 (p<0.01), the FAOS pain increased from 61 to
67 (p=0.01), the FAOS ADL from 66 to 79 (p <0.01), the
FAOS sport from 41 to 48 (n.s.), and the FAOS QOL from
29 to 44 (p<0.01).

Between 1 year and final follow-up, the NRS did not
change significantly with the NRS during rest from 1.1 to
1.0 (n.s.) and the NRS activity from 3.7 to 4.3 (n.s.). All the
FAOS scores, however, significantly decreased. The FAOS
other symptoms decreased from 70.6 to 52 (p <0.01), the
FAOS pain from 82 to 67 (p <0.01), the FAOS ADL from
86 to 78 (p=0.02), the FAOS sport from 67 to 48 (p <0.01),
and the FAOS QOL from 54 to 44 (p <0.01).

Patient satisfaction

In total, 26% of patients were very satisfied with the pro-
cedure, 43% of patients said they were satisfied, 17% were
neutral, and 15% were unsatisfied. No patients reported to
be very unsatisfied. 65% indicated that they would undergo
the same procedure if they had to choose again, 15% would
not, and 20% were neutral on this subject. Patients rated
the end result with a mean of seven in a score ranging from
0-10 (SD=2).

Discussion

The most important finding of the present study was that
arthroscopic BMS in OCLT results in 90% of return to
sports/physical activity with 53% being able to return to their

NRS SCORES

MPre-op ®1Year 6 Years

NRS activity
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Fig.4 FAOS subscores (mean scores and SD) at different follow-up moments (pre-operatively, at 1 year follow-up and at final follow-up at

6.4 years). ADL activities of daily living, QOL quality of life

pre-injury level of sport at a mean follow-up of 6.4 years.
This percentage of sports participation is comparable with
follow-up at 1 year post-operatively. The AAS of the patients
participating in sports remains similar pre-injury and post-
operatively at final follow-up. However, a decrease over time
in clinical outcomes were seen when we compare the FAOS
follow-up scores at 1 year post-operatively with the final
follow-up.

Return to sports is important in most young and active
patients and of course of uttermost importance in profes-
sional athletes. The sustainability of the repaired cartilage
is essential in this group to remain active at the highest
level. High reported RTS rates at pre-injury level have been
reported after BMS in the ankle of up to 94% in elite athletes
after a mean follow-up of 3.6 years [22]. Similar percent-
ages are found when looked at autologous bone grafting
techniques with a slightly longer RTS time (19.6 £5.9 vs
15.1 +4 weeks, respectively) [5, 21, 22]. These numbers
are much higher than the RTS to pre-injury level which we
found being 53% at final follow-up. Multiple explanations
can be imagined. Of course, general aging can be of a fac-
tor when a lessened level of sport is found. Furthermore,
the follow-up time has a negative influence in sport partici-
pation, because the quality of fibrocartilage may decrease
in time and progression of osteoarthritis may increase in
time. Other reasons for decrease of level of activity can also
be found in problems other than the ankle, but we tried to
overcome this by asking why patients were not able to play
sports at their pre-injury level anymore. This still left 33% of
them not being able to perform on pre-injury level because
of problems with their ankle. Another possibility why the
found percentage at the high active patients is higher might

be because of the competitive nature of elite athletes and
their high drive to perform on the highest possible level.
With multiple techniques being available, bone marrow
stimulation still is worldwide the most performed interven-
tion for both primary and secondary osteochondral lesions
of the talus [3, 14]. It is a relative easy and low-demanding
technique with low costs compared to the costlier transplan-
tation or implantation techniques. It is also still the most
studied technique showing good-to-excellent results in gen-
eral [3, 11, 14]. The outcome regarding RTS time and rates
after bone marrow stimulation is less described. A few stud-
ies focusing specifically on high demanding athletes previ-
ously reported good results and a review by Hurley et al.
showed a high reported return to play in general after BMS
[8, 21, 22]. However, only 14% of the included studies in
this review adequately reported the rate of return to sports
and they conclude that there is little literature on long-term
outcome of BMS for OCLTs in the athletic population [8].
With the larger studies that do describe sports outcome at
long-term follow-up being retrospective in nature, we can
conclude that there is still a lack of prospective studies col-
lecting data about the long-term outcome [8, 21-23, 26, 28].
This while more causes for concern are shown in the long
term. These concerns are regarding the sustainability of this
technique with second-look arthroscopies showing lack of
infill at the lesion or the inability to return to the same level
of sport [15, 23]. Deterioration of the repaired cartilage was
noted in 35% of patients at 5 years second-look arthroscopy
and a progress of osteoarthritis by one grade on standard
radiographs was reported in 33% of patients with a mean
follow-up of 141 months [4, 26]. Long-term (prospective)
research is scarce especially concerning sport activities. The
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aim of this study was, therefore, to report on these outcomes
after BMS.

The present study has to be interpreted in light of its
strengths and weaknesses. Since four patients were lost to
follow up from a group of 64 patients, the lost to follow-up
percentage is calculated to be 6%. An acceptable lost to fol-
low up, however, according to the Center for Evidence Based
Medicine. Furthermore, since the lost to follow up presum-
able is missing at random after a mean follow-up period of
more than 6 years, we think that it is an adequate follow-up
and representative study group [12]. Another limitation is
that not all outcome measures were used at final follow-up
compared to baseline and 1 year after surgery. In contrast
to the pre-operative and short-term follow-up moments, the
AQFAS hindfoot score was not conducted at final follow-up.
The AOFAS clinical rating systems have insufficient reliabil-
ity and validity, and would, therefore, provide limited addi-
tional information, while patient burden would have been
significantly increased as this is a clinician based score [17].
Finally, at final follow-up, no radiological examination by
means of a CT scan has been performed which could have
been interesting from a research point of view.

The results of this study can be used to inform patients,
specifically active patients, about expectations around long-
term sports outcome after bone marrow stimulation. It also
shows that although there is a high return to sport participa-
tion, there is still room left for improvement, since outcome
scores decreased over time. Possible further research could
focus on sport outcome after treatment types that are more
based around the preservation of hyaline cartilage such as
transplantation or fixation techniques.

Conclusion

Arthroscopic BMS in OCLT results in 90% of return to
sports/physical activity with 53% being able to return to their
pre-injury level of sport at a mean follow-up of 6.4 years.
The percentage of sports participation is comparable with
follow-up at 1 year post-operatively. The AAS of the patients
participating in sports remains similar pre-injury and post-
operatively at final follow-up. A decrease over time in clini-
cal outcomes was seen at final follow-up.
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